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e wish to thank those who have 
used the first edition for their 
suggestions. We believe the in

corporation of many of these recommen
dations will make this edition even more 
helpful to the user. 

To this end, we have updated the mate
rial for the second edition by scanning all of 
the original kodachromes and relabeling 
the art. We have added thirteen new pho
tographs and have enlarged over one hun-
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VII 

dred others. Four of the original black and 
white line drawings have also been re
drawn. Also, a glossary of nearly 750 
words has been added. 

The style, format, and . purpose of this 
edition remain essentially unchanged from 
the first edition. We continue to view the 
atlas as a useful, benchside reference for 
those interested in understanding and in
terpreting histologic and cytologic prepa-
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lthough we have written this atlas 
primarily to fulfill a need of the stu
dent of veterinary medicine, we be

lieve that clinicians, private practitioners, 
and researchers will find it a useful refer
ence for normal tissues and organs. Cur
rently, students rely heavily, if not exclu
sively, on atlases of human histology for 
guidance in the laboratory. There are, of 
course, similarities between organs and 
tissues of domestic animals and those of 
humans. There are also differences, how
ever, and these are rarely encountered in 
atlases dealing specifically with human 
histology. 

Our aim has been to compare the his
tologic structure of organs in a variety of 
domestic animals. We have used represen
tative examples in instances where tissues 
and organs from different animals share a 
common structure. Wherever differences 
exist, we have tried to provide examples 
that are characteristic of a particular group 
of animals. Our selection of animals in
cludes the dog, cat, horse, cow, sheep, goat, 
pig, and chicken because they are most fre
quently referenced in veterinary school cur
ricula. 
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VIII 

All photomicrographs and drawings 
are original. Some drawings were done 
freehand, while others were made with the 
aid of a camera lucida. Light microscopy 
and colored photomicrographs have been 
used exclusively. We have chosen color 
rather than black and white because of its 
correspondence to stained preparations. 
With the exception of the few histologic 
preparations loaned to us by generous 
donors or purchased from a dealer, slides 
were prepared by the authors. Fresh organ 
samples were obtained from a slaughter
house or from animals that were eutha
nized for various reasons. With the excep
tion of smear preparations (blood, bone 
marrow, and vaginal), mesenteric spreads, 
ground bone, and a single plastic section, 
slides were prepared using the paraffin 
method. All slides were stained with hema
toxylin and eosin unless otherwise noted. 
Magnifications of photomicrographs are 
total magnifications (enlargement of pho
tograph X objective X projector lens). 
Throughout the atlas, hollow structures, 
for example, blood vessels, kidney tubules, 
and alveoli, are usually identified by label
ing the lumen of the structure. 
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Help is often just around the corner. Dr. 
Henry Stempen, whose office was down 
the hall from ours at Rutgers University in 
Camden, New Jersey, stopped by one day 
and volunteered his artistic talents. We'd 
like to thank him for his excellent pen and 
ink drawings of various animal parts, 
which are somewhat removed from the 
fungi he usually draws. Our gratitude also 
to Ms. Kathleen Carr for her secretarial 
services. Special thanks are extended to 
Dr. Edward Zambraski, Ms. Kathleen 
O'Hagan, and Ms. Gail Thomas of Cook 
College, Rutgers University, for making 
fresh porcine material available to us; and 
to Dr. Barry Jesse and Dr. James Harner 
for supplying us with sheep parts. 

Without the unqualified use of the facil
ities and equipment of the Biology De
partment of Rutgers, our tissue processing 
and photomicrography could not have 
been accomplished. Our special thanks to 
the Department for this courtesy. 

This book would never have had a be
ginning were it not for the generosity of Dr. 
Leon Weiss, Department of Animal Biol
ogy, University of Pennsylvania School of 
Veterinary Medicine, who invited us to 
teach in the veterinary histology laboratory 
and kindly allowed us access to the slide 
collection and facilities of the Department. 
We would also like to express appreciation 
to the following individuals from the Uni
versity of Pennsylvania School of Veteri-
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nary Medicine: Mr. Richard Aucamp and 
Mrs. Kathy Aucamp, who provided us 
with specimens, slides, advice, and assis
tance in a variety of other ways; Dr. mark 
Haskins for kindly making available fresh 
canine and feline material; Dr. John Fyfe 
and Dr. Vicki Meyers-Wallen for supplying 
us with canine vaginal smears; Dr. and 
Mrs. Loren Evans and Dr. David McDevitt 
for lending us reference material; Dr. Peter 
Hand and Ms. Graziella Mann for provid
ing material on the nervous system; and Dr. 
Helen Acland, Dr. Linda Bachin, Mr. 
James Bruce, Dr. Sherrill Davison, Ms. 
Dawn Dowling, Dr. Robert Dyer, Dr. 
Robert Eckroade, Dr. George Farnbach, 
Dr. David Freeman, Dr. Wendy Freeman, 
Dr. Alan Kelly, Mr. Joseph McGrane, and 
Dr. Mary Sommer for their time and con
sideration in helping us to obtain tissue 

• speClmens. 
We are grateful to Dr. Carol Jacobson 

and the Department of Anatomy of the 
Iowa State University College of Veteri
nary Medicine for providing valuable slide 
preparations and text material. 

Our gratitude is also extended to Hill's 
Pet Products, Topeka, Kansas, and 
Pitman-Moore, Inc., Washington Cross
ing, New Jersey, for their generous finan
cial assistance. 

Many thanks also to: Dr. Caroline 
Czarnecki of the University of Minnesota, 
College of Veterinary Medicine, for pro-
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viding copies of her informative labora
tory guide; Dr. Deborah Ganster, Dr. 
James Lawhead, Dr. Virginia Pierce, Dr. 
Maria Salvaggio, Dr. Barbara Strock, and 
Dr. Cindi Ward for assisting us in obtain
ing tissue samples; Mr. Jeff Bringhurst, 
Bringhurst Brothers, Tansboro, New Jer
sey, for allowing us access to fresh large 
animal material; the Longenecker Hatch
ery, Elizabethtown, Pennsylvania, for pro
viding chicken specimens; Ms. Susan Ul
rich, Cornell University Press, for lending 
us a difficult-to-obtain reference; the help
ful people at Optical Apparatus Company 
Inc., Ardmore, Pennsylvania, for supplies 
and for assistance with equipment for the 
microscope; and to Mr. Charles Behl and 
Mr. James Durso of Webb and Company 
Inc., Cherry Hill, New Jersey, for their 
courteous service and helpful advice. 
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We are indebted to Mr. William]. Bacha, 
Sr., for building a super light box for us, 
and to Mr. Thomas H. Wood, Jr., for pro
viding black and white prints of our pho
tomicrographs, which saved us countless 
hours of drudgery in the darkroom. Thanks 
to Barbara Frasco, Esq., for her helpful ad
vice. Our hats are off also to Snuff, Chew, 
Chapter Seat, Angel, Clyde, and all the 
other animals for their participation. 

We also wish to extend our gratitude to 
all at Lippincott Williams & Wilkins 
whose efforts helped bring this second edi
tion into being. We are especially grateful 
to Carroll C. Cann and Jennifer D. Weir 
for their professional advice, courtesy, 
and assistance. 
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PREPARATION OF HISTOLOGIC SECTIONS 

histologic section is a thin slice of tissue varying, usually, from 0.5 to 10 or more 
micrometers (f-Lm) thick. In preparing such a section, a piece of tissue is either in

with a supporting medium or frozen and is then cut with an instrument 
called a microtome. Sections obtained from tissue infiltrated with plastic can be as thin as 
0.5 f-Lm and show superior detaiL Excellent preparations as thin as 2 or 3 f-Lm can also be 
made from tissue infiltrated with paraffin-based embedding media. Sections are affixed to 
microscope slides and colored with one or more stains to increase the visibility of various 
cellular and intercellular components. 

Schematically, Figure 1.1 outlines various steps involved in producing a stained his
tologic slide using the paraffin procedure. After being removed from an animal, a tissue 
or organ is cut into pieces. These pieces are placed into a fixative such as buffered for
malin or Bouin's, which, ideally, preserves normal morphology and facilitates further pro
cessing. After fixation, the specimen is dehydrated by transferring it through a series of al
cohols of increasing concentrations to 100% alcohoL Next, it is placed into a substance 
such as xylene, or xylene substitute, which is miscible with both 100% alcohol and paraf
fin. This intermediate step (called clearing) is essential before infiltrating the dehydrated 
tissue with paraffin because alcohol and paraffin do not mix. During infiltration, melted 
paraffin completely replaces the xylene. This procedure is done in an oven at a tempera
ture just above the melting point of the paraffin. When infiltration is complete, the spec
imen is transferred to an embedding mold of fresh paraffin, which is allowed to harden. 
Then the mold is removed and excess paraffin is trimmed away. 

The block of paraffin is then secured to the microtome and oriented appropriately 
with respect to the knife. With each revolution of the microtome handle, the specimen 
moves through the blade and a section of the desired thickness is produced. Each succes
sive section adheres to the preceding one, forming a continuous ribbon. Subsequently, one 
or more sections are carefully separated from the ribbon and transferred to the surface of 
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4. Sectioning with Microtome 

Figure 1.1. The various steps involved in producing a histologic slide using the paraffin method. 
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warm water in a waterbath. This softens the paraffin and 
flattens the section, eliminating wrinkles. The flattened sec
tion is floated onto a slide, which is then placed on a warm
ing table. As the preparation dries, the section adheres to 
the surface of the slide. 

Next, the paraffin is removed with xylene or another 
appropriate solvent and the specimen is rehydrated. It is 
then stained, dehydrated, cleared (made transparent) with 
xylene, covered with a resinous mounting medium, and 
topped with a cover-slip. 

Various stains are available to the histologist. Hema
toxylin and eosin (H&E) is a frequently used combination 
of stains. Hematoxylin imparts a purple color to sub
stances, but must be linked to a metallic salt called a mor
dant before it can function effectively. This combination, 
called a lake, carries a positive charge and behaves as a ba
sic (cationic) stain. The lake combines electrostatically with 
negatively charged radicals such as phosphate groups of 
nucleoproteins. Substances that become colored by a basic 
stain are said to be basophilic. Methylene blue, toluidine 
blue, and basic fuchsin are basic stains. Unlike hema
toxylin, these stains have molecules that carry a positive 
charge of their own and do not require a mordant. Acidic 
(anionic) stains carry a negative charge and color cell or tis
sue components that bear positive charges. Eosin is an acid 
stain. It imparts an orange or red color to acidophilic sub
stances. Other commonly used acid stains are orange G, 
phloxine, and aniline blue. 

In addition to the widely used H&E staining proce
dure, numerous other stain combinations and techniques 
are available. Some are especially useful for identifying cer
tain tissue elements. For example, trichrome procedures 
such as Mallory's and Masson's specifically stain collage
nous fibers within connective tissue. Orcein and Weigert's 
resorcin fuchsin are stains used to color elastic fibers, pro
viding a means of distinguishing them from other fibrous 
elements. Reticular fibers and nervous tissue components 
such as neurons, myelin, and cells of the neuroglia can be 
stained by procedures employing the use of silver. There 
are also special histochemical and immunohistochemical 
procedures that make possible the localization of various 
carbohydrates, lipids, and proteins found in tissue. Lastly, 
stains such as Wright's and Giemsa's (Romanovsky stains) 
are available for differentiating the various cells found in 
blood and bone marrow. . 

INTERPRETING SECTIONS 
One must know the gross structure of an organ before a 
histologic section from it can be comprehended. It is also 
helpful to know how the section was cut, that is, whether 
it was a cross section (x.s.), a longitudinal section (los.), or 
an oblique slice through the organ. Was the cut made 
through the entire organ or only through a portion of it? 
Frequently, prepared slides are labeled indicating the par
ticular orientation of the section. This is not important in 
an asymmetric organ such as the spleen or liver because 
their appearance would be unaffected by the direction of 
the cut. Conversely, the small intestine is radially symmet
ric and its appearance is affected by the direction of the cut. 

The three-dimensional structure of organs and their 
components must also be considered when examining a 
histologic preparation. Cells are three-dimensional objects 
differing in size and shape. For example, some are long and 
thin, some cuboidal, and others ovoid. They may have a 
random or specific arrangement within an organ. How 
they appear depends on their shape, as well as how they 
were cut. Imagine how the spindle-shaped and tall colum
nar cells shown in Figure 1.2A would look if sectioned in 
various planes. Note that the nucleus mayor may not be in
cluded in a particular cut through a cell. 

The histologist examines multicellular structures hav
ing a wide variety of shapes. Some are hollow, some branch 
repeatedly, some open onto surfaces, etc. Figure 1.2, Band 
C, and Figure 1.3 show a variety of three-dimensional 
structures and how they would appear if cut at different 
levels. Examine these carefully. They will help you to un
derstand situations you will encounter on actual slides. 

HELPFUL HINTS 
Be sure that the lenses of your microscope are clean before 
you begin examining slides. Use a piece of lens paper or a 
soft, clean cloth such as an old (but clean) linen handker
chief. If the lenses have been coated with oil or another sub
stance, remove it using lens tissue moistened sparingly with 
a glass cleaner such as Windex. Slides should also be 
cleaned using a soft, lint-free cloth or tissue moistened with 
glass cleaner. 

Every microscope should have a pointer in the ocular. 
This is usually supplied by the manufacturer, but can be 
made from a short piece of hair. The latter is cemented into 
place inside the ocular with a dab of quick-drying glue or 
nail polish. Without a pointer, it is not possible to accu
rately indicate an object in the microscope field for another 
observer. 

Before beginning a session at the microscope, make 
sure that the fine-adjustment knob is near the middle of its 
range of rotation. If you do not, you may find that the knob 
is at the limit of its excursion when you are busily making 
observations. At that point, you must stop everything and 

• 

correct It. 
It is also a good habit to examine your slide with the 

unaided eye before placing it on the stage of your micro
scope. If you do so, you will gain information about the 
gross aspects of the specimen and be more likely to center 
it properly over the light source. Centering is especially im
portant for small specimens that might otherwise be diffi
cult to locate. Also, make sure that you put the slide on the 
stage with the cover glass uppermost. If the slide is upside 
down, you will not be able to focus on it with the high
power lenses. Do not snicker. We have seen this happen of
ten in the teaching laboratory! 

It is always a good idea to start your observations us
ing the lowest power objective available on your micro
scope. This is usually the 4x lens. The field of view will be 
large, enabling you to locate regions of special interest 
more easily. When you locate something you wish to ex
amine at a higher magnification, center the object in the 
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cuts made through a plate of cells bearin hollow rojections (above late) and invaginations (below plate). plane 3 

tion 3 ' appears as a plate of cel s rather than a hollow structure. You shoul also be aware that structures may often 
appear unrelated to a surface or another object, when in fact they are. Compare planes 5 and 6 with sections 5 ' and 
6 ', where continuity of the invagination with the surface is evident only in 6 and 6 ' . While not apparent from a single 
section, such continuity would be evident if an uninterrupted series of sections through the entire invagination were made 
and examined. 
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middle of the field of view. Then, when you change to a 
stronger lens, the object should be somewhere in the field. 

Binocular microscopes often have at least one ocular 
that can be adjusted to accommodate your vision. It is im
portant that you adjust this properly if you want to have a 
comfortable, headache-free session at the microscope. As
suming that your microscope is of the binocular type and 
that it has at least one adjustable ocular, you should first 
bring the specimen into focus with the ocular that is not ad
justable by using the fine adjustment knob. When you have 
done this, focus the other eye using the adjustable ocular. 
Use of this procedure will ensure a proper focus for both 
eyes and prevent eye strain. 

Bright, even lighting is absolutely essential to effective 
microscopy. The best way to achieve this is to use Kohler 
illumination. This can be obtained with any microscope 
that is equipped with both a condenser aperture diaphragm 
(the one in the condenser) and a field diaphragm (the one 
in the light source). If you have such an instrument, proceed 
as follows: 

• 

1. Center the light source, using the directions you re-
ceived with the microscope. 

2. Open both the field and aperture diaphragms fully. 
3. Raise the condenser to its uppermost position. 
4. Place a specimen on the stage and focus on it using 

the lOX objective. 
5. Close the field diaphragm so that its leaves are clearly 

imaged in the field of view. 
6. Center the image of the diaphragm by manipulating 

the condenser centering screws, then open the field 
diaphragm until its leaves disappear just beyond the 
edge of the field of view. 

7. Remove an ocular and, while looking into the back 
aperture of the objective, close the aperture di
aphragm completely and then open it until it is about 
75% of being fully open. 

You now have Kohler illumination. If you want to in
crease or decrease the light intensity, use the rheostat or 
neutral-density filters, but do not adjust the condenser 
aperture diaphragm or field diaphragm. If the aperture di
aphragm is open to excess, the image will lack some con
trast and be flooded with light. If it is closed too far, there 
will be a loss of resolution and increase in contrast. This in
crease in contrast is often confused with sharpness or high 
resolution; this is a common error in microscopy. All of the 
above adjustments (except for centering the light source) 
must be made each time a different objective is used. 

If your microscope lacks a field diaphragm, you will 
not be able to obtain Kohler illumination. You can still ac
quire good and useful lighting, however. Place a specimen 
on the stage, open the aperture diaphragm fully, and adjust 
the light intensity with the rheostat so that it is comfortable 

Figure 1.4. Small and large vernier scales. 
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for your eyes. Be sure that the condenser is raised to its 
highest position, or close to it, when you do this. Now, re
move an ocular and look at the back aperture of the objec
tive. Close the aperture diaphragm fully and then open it 
until it is about 75% of being fully open. This will provide 
proper lighting for most purposes. If you should need more 
or less illumination, make adjustments only with the rheo
stat or neutral density filter; do not use the aperture di
aphragm. 

To get the most from a specimen, you must avoid be
ing a passive microscopist, that is, one who finds an object 
and then stares at it admiringly without making further ad
justments of the focus. Get into the habit of focusing con
tinuously with the fine adjustment as you peruse a slide, be
cause even though a tissue section may be only a few 
micrometers thick, the depth of field of the higher power 
objectives may be less than the thickness of the specimen. 
Therefore, if you do not focus repeatedly as you examine a 
preparation, you will certainly miss seeing structural detail 
that might be important to your work. 

You might like to return to a particular location on 
your slide preparation at a future time. Remembering 
landmarks in the vicinity of the object of interest will aid 
you in locating the object later. A more expedient way of 
relocating structures is by using verniers, which are 
mounted on both the X and Y axes of the mechanical 
stage. A vernier consists of two, parallel, graduated, slid
ing scales, one long and one short. The smaller scale is 9 
millimeters (mm) long and is divided into 10 subdivisions 
(0 to 10). The larger scale is several centimeters (cm) long 
and is graduated in millimeters, for example, 0 to 80 or 
100 to 160. To relocate an object on a slide, you must first 
center it in the microscope field. Once this has been done, 
you establish its location by reading each of the verniers (X 
and Y). For example, the 0 point on the small scale of the 
vernier on the X axis might be located somewhere between 
lines 42 and 43 on the larger scale (Fig. 1.4). To determine 
its specific location, find the line on the small scale that co
incides exactly with a line on the longer scale. Then count, 
on the smaller scale, the number of spaces between 0 and 
the point of coincidence. This number is your decimal 
point. In the example given (Fig. 1.4), the decimal is 0.6 
and you should read 42.6 as the vernier value. Do the same 
for the other vernier (Y) and record the numbers for both. 
In the future, if you want to return to the same location, 
simply secure the slide to the mechanical stage and move 
the stage controls until the verniers are adjusted to the 
numbers you previously recorded. These manipulations 
will have returned the slide to its former position, and the 
object you are looking for should be somewhere within the 
microscope field. 

By knowing the approximate diameter of a red blood 
cell in a section, you can estimate the size of other tissue 
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components. Therefore, it useful to know that in tissue 
sections prepared by the paraffin method the average size 
of erythrocytes for each of the following animals is as 
follows: 

Goat 2.4 /Lm diameter (smallest erythrocytes of the 
domestic mammals) . 

Dog 4.9 /Lm diameter (largest erythrocytes of the do
mestic mammals) 

Chicken 9.4 mm long 

Each average value is based on a total of 20 to 30 cells 
that were measured from five different slide preparations of 

, 

tissues embedded in Paraplast X-TRA (Monoject Scientific, 
Division of Sherwood Medical, St. Louis, MO 63103). 

ARTIFACTS 
Folds, knife marks, stain precipitate, spaces (where none 
belong), shrinkage, and air bubbles are examples of com
monly occurring imperfections seen in slide preparations. 
They were introduced during processing and are called ar
tifacts. Figures 1.5 through 1.9 are examples of such arti
facts. 

• 
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Figure 1.5. x 62.5 

Figure 1.6. x 62.5 

Figure 1.7. x 62.5 

Figure 1.8. x 25 
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Figure 1.9. x 62.5 

KEY 

1. Dermis 4. Knife mark 
2. Epidermis 
3. Fold 

5. Separation artifact 
6. Stain precipitate 

Figure 1.5. Stain Precipitate, Cartilage, Dog. Occasionally, solu
tions accumulate precipitate that may stick to the surface of tissue 
sections du ring the stai ning procedure. 

Figure 1.6. Separation (space) Artifact, Skin, Dog. Tissues may 
be subjected to excessive pressures, tensions, or shrinkage during 
processing, resulting in separations within otherwise intact tissue. 

Figure 1.7. Crackling Artifact, Thymus, Horse. Highly cellular tis
sues , for example, thymus, liver, pancreas, and spleen, often show 
numerous tiny cracks throughout. Also note that this specimen is 
not in sharp focus. 

Figure 1.B. Knife Marks and Folds, Esophagus, Horse (Mas
son/51. Knife marks (scratches) in the tissue section may be caused 
by defects in the microtome knife or by accumulations of debris on 
the knife edge. folds occur when the tissue sections fail to spread 
properly on the surface of the sl ide_ 

Figure 1.9. Fold, Aorta, Pig. In a tissue section, folds are raised 
areas that frequently overlap. Note that portions of this picture are 
not in sharp focus . 



• 

- - he external and internal surfaces of the body and many of its parts are covered by 
one or more layers of cells. These cellular coverings or linings constitute a tissue 
called epithelium. Epithelial cells are supported by a basement membrane that sep

arates them from the underlying connective tissue. Cells are the principal components of 
the epithelium. Intercellular substance is sparse and is exemplified by the thin layer of ma
terial located between cells, which helps to hold them together. The free surface of ep
ithelial cells may possess cilia, microvilli, or stereocilia. 

Simple epithelia consist of a single layer of cells. The latter may have a squamous (flat
tened), cuboidal (more or less square), or columnar (tall and rectangular) shape when 
seen in profile. Pseudostratified columnar, a special category of simple epithelium, 
appears in profile to consist of several layers of cells. This is an illusion that results 
from nuclei being located at different levels within cells of different heights. In a sim
ple epithelium, all the cells are in contact with the basement membrane. 

Stratified epithelia contain two or more layers of cells. Only the bottom-most layer is 
in contact with the basement membrane. They are classified as stratified squamous, 
cuboidal, or columnar, depending on the shape of those cells in their outermost (sur
face) layer. A category called transitional is a special form of stratified epithelium lim
ited to the urinary system. The shape of its cells will vary with the amount of fluid 
pressure applied against it. 

All glands, endocrine or exocrine, are derived from an epithelium during develop
ment. Numerous examples of glands are presented in subsequent chapters . 

• 

, 
• 
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Figure 2.1 x 250 

Figure 2.2 x 250 

Figure 2.3 x 250 

Figure 2.4 x 250 
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Figure 2.5 x 125 

KEY 

1. Bosal cell 
2. Basement membrane 
3. Columnar cell 
4. Columnar cell , ciliated 

9. Hepatocyte 
10. Lamina proprio 
11. Lymphocyte 
12. Smooth muscle cell 

5. Connective ti ssue 
6. Cuboidal cell 
7. Esophagus, lumen 
8. Goblet cell 

13. Squamous cell, nucleus 
14. strotiRed squamous epithelium 
15. Striated border 

Figure 2.1. Simple Squamous Epithelium, Mesothelium, Uver, 
Cat. The surface of the liver is covered by a single layer of squa
mous cells that lie on a thin layer of connective tissue. The cyto
plasm of the squamous cells is sparse and generally only the nu
cleus is visible. 

Figure 2.2. Simple Cuboidal Epithelium, Kidney, Cow 
(Trichrome). The lining of these collecting tubules consists of a 
layer of cuboidal cells. 

Figure 2.3. Simple Columnar Epithelium, Jejunum, Dog. The ie' 
iunum is lined by a simple columnar epithelium. A striated border, 
consisting of numerous microvilli , is evident. Goblet cells and mi
grating lymphocytes are present among the columnar cells. 

Figure 2.4. Ciliated Pseudostratified Columnar Epithelium, Tra
chea, Cow. In this epithelium the nuclei are at different levels, giv
ing the impression of stratification. All cells, however, contact the 
basement membrane. 

Figure 2.5. Stratified Squamous Epithelium, Nonkeratinized, 
Esophagus, Cat. Only cells of the basal layer contact the basement 
membrane. The name of this epithelium is derived from the squa
mous cells of its outer layer. 

• 



Figure 2.6 

Figure 2.7 

Figure 2.8 
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Figure 2.9 
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Figure 2.10 

1. Bistralified cuboidal 
epithelium 

2. Dermis 
3. Keratinized cells 
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x 125 

KEY 
4. Smooth muscle 
5. Stratified columnar epithelium 
6. T ronsitional epithelium 

Figure 2.6. Stratified Squamous Epithelium, Keratinized, Wat
tle, Pig. The wattle is covered by a keratinized stratified squamous 
epithelium. 

Figure 2.7. Bistratilied Cuboidal Epithelium, Esophagus, Dog. 
Ducts of glands of the esophagus are lined by a bistratified 
cuboidal epithelium. 

Figure 2.8. Stratified Columnar Epithelium, Urethra, Goat. This 
portion of the urethra is lined by a stratified columnar epithelium. 

Figure 2.9. Transitional Epithelium, Un stretched, Urinary Blad· 
der, Cat. Surface cells of the transitional epithelial lin ing are either 
balloon·shoped or broadly cuboidal when not under tension . 

Figure 2.10. Transitional Epithelium, Stretched, Urinary Blad· 
der, Cat. Surface cells of this epithelium are fiatlened and elan· 
gated when the bladder is full. 

EPITHELIUM 11 



onnective tissue binds together and supports other tissues. It is a composite of var
ious cells and fibers in an amorphous ground substance. The latter two compo
nents comprise the extracellular matrix, which typically predominates over the cel

lular elements. 
• 

The ground substance, composed largely of glycoproteins and glycosaminoglycans, 
forms a well-hydrated gel that fills the spaces between cells, fibers, and vessels of connec
tive tissue. It acts as a reservoir for interstitial fluid, providing a medium through which 
oxygen, nutrients, and metabolic by-products diffuse to and from cells of various tissues 
and the vascular system. 

Collagenous, reticular, and elastic fibers occur in connective tissue. Collagenous 
fibers, composed of the fibrous protein collagen, are generally the most abundant. They 
are strong and flexible, yet able to resist stretch. They may be fine or coarse, and they are 
characteristically unbranched and somewhat wavy. In tissues stained with H&E, they ap
pear pink and refractile. Reticular fibers are also formed from the protein collagen. They 
are delicate, branching fibers that possess a coat of glycoproteins and proteoglycans. They 
are argyrophilic (silver-loving) and can be stained with silver to distinguish them from 
other fibers of the connective tissue. They may also be selectively stained with Schiff's 
reagent. Elastic fibers, formed from the protein elastin, range in diameter from fine to 
coarse and ordinarily cannot be distinguished from collagenous fibers without the use of 
special stains such as orcein or Weigert's resorcin fuchsin. In some H&E preparations, 
however, they become colored more intensely by eosin than the collagenous fibers from 
which they can therefore readily be distinguished. Fibroblasts are generally the most nu
merous of the cells found in connective tissue. They are responsible for the formation of 
both fibers and ground substance. Macrophages (histiocytes), derivatives of monocytes of 
the blood, are also common inhabitants of connective tissue. They are phagocytic cells . 
that can often be recognized by the presence of debris in their cytoplasm, which gives 
them a dirty appearance. Other migrants from the blood that are found in connective tis
sue are neutrophils and eosinophils. Plasma cells, lymphocytes, adipocytes, mast cells, and 
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globular leukocytes also occur in varying numbers in con-
• • 

nective tlssue. 
All connective tissues are classified on the basis of the 

arrangement and proportions of their cellular and intercel
lular components. Connective tissue proper includes the 
general types of connective tissue, loose and dense as well 
as the special types, reticular, elastic, and adipo;e. Mes
enchyme and mucous connective tissue are classified as em
bryonal connective tissues. 

In loose (areolar) connective tissue, the ground sub
stance predominates. It contains many scattered cells of 
various types, vessels, and a loose network of fine collage
nous, retlCular, and elastic fibers. Loose connective tissue is 
widespread throughout the body. It surrounds vessels and 
nerves. It is found in serous membranes such as mesenter
ies, the lamina propria of mucous membranes subcuta
neous tissue, and the papillary (superficial) layer ~f the der
mis, as well as other places. 

In contrast to loose connective tissue dense connective 
tissue. (often called fibrous tissue) is co~posed principally 
of thIck collagenous fibers. It contains fewer cells than 
loose connective tissue, most of which are fibroblasts. In 
dense irregular connective tissue, the collagenous fibers 
course in all directions, forming a compact three-dimen
SIOnal meshwork. Dense regular connective tissue is char
a.cterized by closely packed, parallel bundles of collagenous 
flbers. Dense Irregular connective tissue occurs in such 
places as the reticular (deep) layer of the dermis, the sub
mucosa of the digestive tract of some species, and the cap
sules of organs. Tendons, ligaments, and aponeuroses are 
formed by dense regular connective tissue. 

14 COLOR ATLAS OF VETERINARY HISTOLOGY 

. ~t is helpful to know that there are no sharp lines of dis
tlllctIOn between loose and dense irregular connective tis
sue, or between dense irregular and regular connective tis
sue. It is n~t always possible therefore to classify these types 
of connectlve tlssues with great precision. 

Reticular tissue is composed of numerous reticular 
fibers. It forms a supportive network for the 
parenchyma of structures such as the spleen lymph 
node, liver, kidney, and bone marrow. ' 

Elastic tissue is characterized by numerous regularly or 
lffeg~larly arranged elastic fibers. It is exemplified by 
the lIgamentum nuchae of grazing animals and by the 
vocal ligaments. 

Adipose ti.ssue consists of groups of adipocytes (also 
called adIpose cells or fat cells) within the loose con
nective tissue of such places as mesenteries subcutis , , 
and sheaths of vessels and nerves. 

Mesenchyme tissue is found in the embryo. It consists of 
a loose arrangement of pale, star-shaped (stellate) cells 
with interconnecting cytoplasmic processes. The mes
enchyme cells are embedded in a jellylike, amorphous, 
ground substance that accumulates fine fibers as devel
opment progresses. 

Mucous con~ective tissue, another type of embryonal 
connectlve tIssue, surrounds the vessels of the umbili
cal cord. It also occurs in limited regions in adult ani
mals, for instance, the dermis of the comb and wattle 
of the chicken. It is composed of fibroblasts and 
loosely arranged, fine, collagenous fibers in an abun
dant, amorphous ground substance. 
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KEY 

1. Amorphous ground substance 
2. Collagenous fiber 
3. Elastic ~ber 

7. Fibroblast nucleus 
8. lymphocyte 
9. Mast cell 

4. Eosinophil 
5. Epithelium, lip 
6. Erylhrocytes in cap;Uary 

10. Mesenchyme cell 
11 . Neutrophil 
12. Plasma cell 

Figure 3.1 . Mesenchyme. 72-Hour Embryo. Chicken. Mes
enchyme consists of stellate cells. Their processes touch, formi ng a 
three-dimensional lafficework. The cells are surrounded by an 
amorphous ground substance . 

Figure 3.2. Mucous Connective Tissue, Umbilical Card, Cow. 
Mucous connective tissue consists of a loose framework of fibrob
lasts and collagenous fibers in an amorphous ground substance. 
Mucous connective tissue of the umbilical cord is often called 
Wharton's jelly. 

Figure 3.3. Loose Connective Tissue, Mesentery, Cat (LeukoStat 
and Orcein). The loose arrangement of the connective-tissue cells 
and fibers in this whole mount preparation is evident. Fine, 
branching elastic fibers appear blue-gray. The thicker, collage
nous fibers stain pole pink. Note the most cell filled with purple 
granules. 

Figure 3.4. Plasma Cells, Loose Connective Tissue, Lamina Pro
pria, Jejunum, Dog. Plasma cells are common constituents of the 
lamina propria of the gastrointestinal tract. They are character
ized by a basophilic cytoplasm and large blocks of nuclear hete
rochromatin. A lightly stained area adjacent to the usually eccen
tric nucleus marks the location of the Golgi apparatus. 

Figure 3.5. Mast Cells, Loose Connective Tissue, Lip, Cat, (Tolui
dine Blue). The granules of mast cells are metachromatic and are 
colored purple by toluidine blue. 
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--Figure 3.6 
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-
x 520 

KEY 

1. Collagenous fiber 
2. Eosinophil 
3. Fibroblast nucleus 

5 . Lymphocyte 
6 . Mast cell 
7 . plasma cell 

4 . Globular leukocyte 

Figure 3.6. Loose Connective Tissue, Lamina propria, Duode
num, Cow. A loose meshwork of fibers of the connective tissue 
and various cells are contained in an amorphous, ground sub
stance. 
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Figure 3.7 
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Figure 3.8 

Figure 3.9 
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KEY 

1. Adipocyte 
2. Arteriore 
3. Collagenous fiber 
4. Dense irregular connective tissue 
5. Eosinophil 
6. Epithelium, planum 

, 

x 62.5 

7. Fibroblast nucleus 
8. Loose connective tissue 
9. Macrophage 

10. Tendon, l.s. 
11 . Tendon, x.s. 

Figure 3.7. Macrophages, Loose Connective Tissue, Colon, Pig. 
Wandering macrophages are characterized by their oval shape. 
The cytoplasm of these cells often contains ingested particles and 
appears dirty. Eosinophils of the pig contain oval or bilobed nu
clei. 

Figure 3.8. Loose and Dense Irregular Connective Tissue, Der
mis, Planum Nasolabiale, Cow. Note that the loose connective tis
sue of the papillary layer of the dermis contains finer fibers and 
more cells than the dense irregular connective tissue of the reticu
lar layer . 

Figure 3.9. Dense Irregular Connective Tissue, Dermis, Horse. 
Note the coarse, interwoven, collagenous fibers . 

Figure 3.10. Dense Regular Connective Tissue, Tendon, x.s. and 
I.s., Nose, Pig. In tendons and ligaments, collagenous fibers are 
arranged in parallel order. Fibroblasts are located between the 
fibers. 



Figure 3.11 
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Figure 3.12 

Figure 3.13 

Figure 3.14 
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KEY 

1. Adipocyte 
2. Elastic fiber 

5. Reticular fiber 
6. Tendon, x.s. 

3. Fibroblast nucleus 7. Tendon sheath, inner 
4. Lymphocyte 8. Tendon sheath, outer 

Figure 3.11. Tendon and Tendon Sheath, x.s., Dog. The tendon 
sheath is actually made up of two sheaths. The inner sheath at
taches to the sur.ace of the tendon. The outer sheath forms a tube 
around the tendon and attaches to peripheral structures. The 
space between the two sheaths is filled with synovial fluid in living 
tissue. The space is not lined by an epithelium, but rather by col
lagenous fibers and cells of the connective tissue of the sheaths. 

Figure 3.12. Elastic Tissue, Ligamentum Nuchae, I.s., Sheep. 
This section shows the parallel arrangement of the elastic fibers 
within the ligament. 

Figure 3.13. Elastic Tissue, Ligamentum Nuchae, x.s., Sheep, 
(Orcein). Orcein selectively stains elastic fibers red. 

Figure 3.14. Reticular Tissue, Lymph Node, Cow (Silver). Net
works of reticular fibers have been blackened by silver. 

Figure 3.15. Adipose Tissue, Soft Palate, Cow. Lipid content of 
each adipocyte (unilocular) was removed during processing, leav
ing an empty cavity surrounded by a thin rim o. cytoplasm. Nuclei 
occur at the periphery of adipocytes. It is sometimes difficult to dis
tinguish their nuclei .rom those of other cells of the connective tis
sue. See Figure 12.104 for an example of multilocular adipocytes. 



,--.., artilage is a form of connective tissue. There are three basic types of cartilage: hya
line, elastic, and fibrous (fibrocartilage). Each consists of chondrocytes embedded 

~ in an a morphous, grou nd substance (matrix ), w hich is tich in sulfated gly
cosaminoglycans complexed with protein to form macromolecules called proteoglycans. 
The latter a te bound electrostatica lly ro unit fibrils of collagen. The matrix is firm but 
fl exible. 

Hyaline cartilage is the most common rype. It forms large parts of the developing ver
tebrate skeleton, and it is also fo und in epiphysea l discs, articular cartilages, the tra
chea, bronchi , and elsewhere. Its ground subsrance is separable into pale and darkly 
stained areas called interterritorial and territorial matrix, respectively. The higher 
concentration of sulfated glycosa minoglycans in rhe larrer is responsible fo r rhe 
darker sta ining. Chondrocytes a re confined to sma ll spaces (lacunae) within the ma
trix. Small cl usters of chondrocytes, ca lled isogenous groups, a re frequently observed . 
They are the result of cell division of chondrocytes. Cartilage matrix is usually in
vested by a perichondrium whose inner layer is chondrogenic, containing ce lls with 
the capacity to become chondroblasrs. Its outer portion is dense irregular connective 

. 
tissue. 

Elastic cartilage is similar in structure to hyaline ca rtilage. Its na me derives from the 
presence of large amounts of elastic fibers embedded in the matrix . Among other 
places, it is fo und in the ep iglottis, parts of the larynx, and the pinna . 

Fibrous cartilage is unlike either of the other types. It is dense connective tissue within 
which are distributed linear groupings of chondrocytes embedded in a small amOllnt 
of matrix. Fibrous cartilage is found in such places as the intervertebral discs and car
diac skeleton, as well as w ithin some tendons close to their attachment to bone. 
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Figure 4.2 x 250 

Figure 4.3 x 125 

..:# .' . , . 
Figure 4.4 x 125 
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KEY 
1. Chondcocyte 
2. Chondr~ein lacuna 
3. Collagenou~ fiber 
4. Elastic fiber 

6. Matrix 
7. Perichondrium, chondrogenic 
8. Perichondrium, fibrou~ 
9. Territorial matrix 

5. Interterritorial matrix 

Figure 4.1. Hyaline Cartilage, Trachea, Cow. The perichondrium 
consists of an outer fibrous and an inner chondrogenic layer. 
Isogenous groups and single chondrocytes are scattered through-
out the matrix. . 

Figure 4.2. Elastic Cartilage, Epiglottis, Dog. Pink elastic fibers 
can be seen throughout the cartilage matrix. 

Figure 4.3. Elastic Cartilage, Wattle, Pig (Orcein). The elastic 
fibers are stained red with orcein . 

Figure 4.4. Fibrocartilage, Intervertebral Disc, Horse. Chondro
cytes are arranged in rows and framed by a hazy rim of pale blue 
matrix. C~lIagenous fibers are visible between rows of chondro' 
cytes. 

Figure 4.5. Fibrocartilage, Claw, Chicken. Rows of chondrocytes 
are randomly scattered among collagenous fibers. Pale blue ma
trix is visible around some chondrocytes. 



one is a living, dynamic connective tissue. Its hardness and strength are p rovided by 
a matr ix consisting of hydroxyapatites and collagen, respectively. It is admirably 
sui ted to its function as a skeleta l substance because of its high tensi le strength and 

relatively light weight. 
The structure of bone is unrelated to its mode of development; tha t is, the lamellae of 

intramembranous bone have the same basic structure as thnse of endochondral (in
tracartilaginous) bone. Mature bone, however, contains fewer osteocytes tha n the imma
ture bone it replaces. The woven fo rm of the latter contains num~rous osteocytes and an 
organic mat.rix of interlacing collagenous fibers. Its matrix has a bl uish cast in prepara
tions stained with hematoxylin and eosin. In contrast, the matrix of mature bone is un i-
fo rmly acidoph ilic.. ' ' . 

Deposits of matrix may be dense, with few spaces between matrix elements (compact 
bone), or they may be in the form of delicate three-dimensional latticeworks (spongy 
bone) . Compact bone forms the outer shells of the diaphysis and epiphysis, while spongy 
bone occurs in the interior of the epiphysis and the endosteal surface of portions of the di
aphysis. In the compact bone of the diaphysis, matrix appears as haversian systems, in
terstitial systems, and circumferentiallamel1ae. 

Altho ugh osteocytes are entrapped with in matr ix, they a re able to communicate 
physically through canaliculi, which connect lacunae with each other. Osteoblasts and os
teoclasts lie free on the external surface of the matr ix. T he former secrete most of the ma
trix and eventua lly become surrounded by it. They are then called osteocytes. Osteoclasts, 
large multinuclea te cells derived from monocytes, resorb matr ix during bone remodeling 
or when the need for serum calcium arises. 

Bone matrix undergoes remarkable transformations in size and shape during devel
opment, T his process of bone remodeling is especia ll y well exemplified during the for
mation of the skull and long bones. In both instances, transformations in shape and in
creases in size are accomplished through the processes of bone deposi tion and bone 
resorption . 

An importa nt aspect of the growth in length of long bones is the persistence of fu nc
tional epiphysea l discs. These plates of hyal ine cartilage perm it the process of intracarti
laginous ossification to cont.inue unt il full growth of the bone is ach ieved, at which time 
the discs become replaced by bone and no further lengthening is possible. 
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Figure 5.5 

1. Bone morrow 
2. Bone matrix 
3. Calcified cartilage 
4. Epiphyseal disc (plate) 
5. Hyaline cartilage 
6. Immature bone 
7. Mature bone 

• 

KEY 
8. Osteoblast 
9. Osteoclast 

10. Osteocyte 
II . Osteoid 
12. Spongy bone, diaphysis 
13. Spongy bone, epiphysis 

x 25 

Figure 5.1. Membrane Bone, Decalcified, Nose, Dog. as, 
teoblasts deposit bone matrix directly within mesenchyme without 
a preformed carti lage model. Therefore, the trabeculae of mem
brane bone lack ca lci fied cartilage cores. 

Figure 5.2. Membrane Bone, Decalcified, Nose, Dog (Mas· 
son's). Osteoclasts a re la rge, multi nucleated g iant cell s. 

Figure 5.3. Immature Bone, Phalanx, Decalcified, Fetusl Horse. 
Immatu re bone is characterized by a larger number of osteocytes 
per unit area tha n are found in matu re bone. Typica lly, it also 
shows basoph ilia. Both characteristics are evident in the micro
graph. Note the rather even acidophilia of the motrix of the more 
mature bone. 

Figure 5.4. Primary Center of Ossifica~on, Phalanx, I,s" Decal· 
cified, Fetus, Horse. Section was taken from the central region of 
a developing phalanx and shows early endochondral ossification . 

Figure 5.5. Epiphyseal Disc, Humerus, I.s" Decalcified, Cat, The 
cartilaginous epiphyseal disc {platel lies between the spongy bone 
of the epiphysis and the diaphysis. Also see Figure 5.6 . 
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7. Spong)': bone, epiphysis 
8. Zone of calcification 
9. Zane of hypertrophy 

10. Zone of multiplication 
11. Zone of ossification 
12. Zone of reserve cartilage 

Figure 5.6. Epiphyseal DiscbHumerus, 1.5., Decalcified, Cat. Var
ious zones of endochondral one formation. Small, scattered car
tilage cells comprise the zane of reserve (resting) cartilage. They 
proliferate, forming rows that constitute the zone of multiplication 
(zone of proli fe ration) . The cells then enlarge (zone of hypertro
phy). The remaining cartilage matrix between the hypertrophied 
cells becomes impregnated with calcium salts (zone of calcifica
tion). Osteoblasts deposit bone matrix (pink) onto the calcified car
tilage matrix (lavender) in the zone of ossification . 
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Figure 5.11 
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1. Bone marrow 
2. Bone matrix 
3. Calcified cartilage matrix 
4. Canaliculi 
5. Haversian conal 

• 

6. Haversian system 
7. Inner circumferential lamellae 
8. Interstitial system 
9. lacuna 

• 

, . 
• 

KEY 

• < 

10. Osteoblast 
11 . Osteoclast 
12. Osteocyte 
13. Sinusoid 
14. Volkmann's canal 
15. Zone of calcification 

• 

x 125 

16. Zone of hypertrophy 
17. Zone of multiplication 
18. Zone of ossification 

Figure 5.7. Endochondral Bone, Phalanx, I.s., Decalcified, Dog. 
The zones of calci fication and ossification are distinct in this 
preparation. Calcified cartilage stains an intense purple, while 
bone matrix is strongly eosinophi lic. 

Figure 5.8. Endochondral Bone, Epiphysis of Radius, Decalci
fied, Dog. Spicules of bone (pink) with calcified cartilage cores 
(lavender) . 

Figure 5 .9 . CompaclGround Bone, Femur, x.s., Cat {Unstained} . 
A haversian canal surrounded by concentric bony lamellae con
stitutes a haversian system losteon), Lacunae with cana liculi (web
like, fine, dark lines) are occupied by osteocytes and their pro
cesses, respectively, in l iving tissue. Volkmann' s canals, inner 
circumferential lamellae, and parts of old haversiof') systems, 
ca lled interstitial systems, are present. 

Figure 5.10. Compact Ground Long Bone, x.s., Cat {Unstained}. 
The spider web- li ke channels .called canaliculi can be seen sur
rounding the lacunae. 

Figure 5.11. Compact Bone, Humerus, x.s., Decalcified, 
Chicken. In decalcified bone, hydroxyapotites have been re
moved, leaving the collagenous portion ot the matrix. Blood ves
sels, osteocytes, and other tissue elements are also left intact. Com
pare with Figure 5.9 . 
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Figure 5.16 

l. Artery 
2. Endosteum 
3. Fibrous layer, periosteum 
4 . Haversian conal 
5. Morrow cavity 
6 . Megako<yocyte 
7. Nerve 
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.. 

8 
• 

x 280 
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8. Osteocyte 
9. Osteogenic layer, periosteum 

1 O. Periosteum 
11. Sharpey's fibers 
12. Tendon 
13. Vein 
14. Volkmann' s conal 

Figure 5.12. Compact Bone, x.s., Jaw, Decalcified, Dog. Blood 
vessels a nd nerves are evident in this cross section of a haversian 
canal. 

Figure 5.13. Compact Bone, Rib, 1.5./ Decalcified, Cat. Portions 
ot haversian canals are oriented parallel fa the long axis of the 
bone. The collagenous fibers of a tendon extend into the bone as 
Sharpey's fibers . The large cells in the bone morrow a re 
megakoryocytes. 

Figure 5.14. Compact bone, rib, 1.5., Decalcified, Cat. Flat cells 
ot the endosteum line the marrow cavity. 

Figure 5.15. Periosteum of femur, 1.5./ Decalcified, Cot. The pe
riosteum para llels the bone of the diaphysis. 

Figure 5.16. Periosteum of femur, los., Decalcified, Cat. A mag
nified view of the periosteum seen in Figure 5 .15. The osteogenic 
layer of the periosteum abuts the bone and is more cellular than 
the outer fibrous layer of the periosteum. 
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Figure 5. 17 

Figure 5.18 

Figure 5.19 
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1. Articulating surface, P2 
2. Articulating surface, P3 
3. Bone matrix 
4. Cartilage 
5. Extensor tendon 

KEY 
6. Fibrous capsule 
7. Joint cavity 
8, Sharpey's fibers 
9. Synovial fold 

1 O. Tendon 

Figure 5,17. Sharpey's Fibers, Phalanx, I.s" Decalcified, Fetus, 
Sheep (Mallory'sl . Collagenous fibers of a tendon become em
bedded with in the bone matrix, where they are called Sharpey's 
fibers, 

Figure 5.18. Sharpey's Fibers, Phalanx, I.s., Decalcified, Fetus, 
Sheep (Mallory'sl. Same as Figure 5,17, but magnification has 
been increased to show the relationship between the bone matrix 
and the collagenous fibers of the tendon, 

Figure 5.19. Distal Interphalangeal Joint, I.s., Fetus, Horse. The 
mid-dorsal aspect of this developing synovial ioint is shown, The 
'Ioint capsule is cqmposed of a fi brous portion and a well-vascu
arized, synovial membrane. The laner lines the ioint cavity I except 
for the a rticulating su rfaces. Synovial folds project into the cavity. 
The outer, more tibrous portion of the capsule is continuous with 
the future periosteum of the phalanges and blends dorsally with 
the extensor tendon. The tendon is attached to the developing ex
tensor process of P3. Note that the phalanges have not yet begun 
to ossity. After ossification, a layer of hyaline cartilage wi ll persist 
on the articular surfaces. 



lood is a special type of connective tissue composed of formed elements in a fluid 
matrix. Plasma is the fluid portion, called serum when depleted of fibrinogen. The 
formed elements include erythrocytes (red blood cells), leukocytes (white blood 

cells), and platelets (thrombocytes in birds). 
Blood cells and platelets are usually examined in sta ined blood smears (blood fil ms) . 

To make such a preparation, a drop of blood is spread th inly on a glass slide, dried, and 
stained w ith a Romanovsky-type stain such as C iemsa or Wright's. One end of the film 
is usually much thinner than the other end . Details of cell morphology are more visible in 
the th in film, where the cells are more fl attened and less crowded . Blood smears shou ld 
be scanned with the high-dry objective. With practice, most cells can be different iated at 
this magnification. Oi l immersion sho uld be reserved fo r studying specific ce ll s in mo re 
detail. 

MAMMALS 
Matu re erythrocytes are small , anucleate cells uniquely adapted ro transport oxygen and 
carbon dioxide to and from tissues. They are acidophil ic and acq uire an o range to red 
color with Romanovsky stains. 

The average diameter of erythrocytes in a dried smea r varies w ith the species. The ery
throcytes of the dog are largest (7.0 J.Lm ), while those of the goat are the smallest (4.1 J.Lm). 
Red blood cells from the same animal a re all approxinlately the same size except in the 
cow, where variation in the size of the erythrocytes (a nisocytosis) is not unusual. In most 
species the cells are disc-shaped, a lrhough in young goats they may also be angulated. 

Central pallor, resu lti ng from its biconcave shape, is best defined in the erythrocyte 
of the dog, but may be seen in other domestic mammals. Red blood ce lls someti mes ad
here to each other, forming an arrangement resembling a stack of coins, ca lled a rou leaux . 
This occurs commonly in the horse and cat. It is rare in ruminants. Crena ted erythrocytes, 
characterized by pointed cell margins, are observed most often in pigs. 

Va rious factors influence the appearance of red (and whi te) blood cells. These incl ude 
the freshness of the blood sa mple, the use of an anticoagulant, how qu ick ly the smear was 
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dried, and the thickness of the smea r. The occuttence of 
central pallor, rouleaux, and crenation varies not only with 
the species, but also w ith each smear and within different 
regions of the sa me smear. 

Leukocytes are basic cellular components o f the im
mune system. They are nucleated cells that are larger and 
less numerous than erythrocytes. They are classified, de
pending on the presence or absence o f specific cytoplasmic 
granules, as either granulocytes (neurrophils, eosinophils, 
and basophils) o r agranulocytes (lymphocytes and mono
cytes). Leukocytes tend to accumulate along the edges of a 
blood smeat, so that exa mples of them, although often dis
torted, can be found more readily in these regions. 

Lymphocytes are the predominant leukocytes in rumi
nants and pigs. The cells range in size from 6 to 15 JLm a nd 
are sometimes classified as small, medium, and large. Most 
of the lymphocytes in ca rni vo res, horses, and pigs arc 

- smal l. Larger cell s occur more often in ruminants. 
Small lymphocytes have a relatively large, dense, often 

eccentric nucleus that is tound and may be slightly in
dented. In the cat the nucleus is somerimes deeply indented 
like a kidney. The nucleus tends to be oval in the pig. Some 
of the lymphocytes of ruminants are bi nucleate. 

Only a thin rim of cytoplasm may be visible in the 
small lymphocyte. The cytoplasm is basophilic and may 
show a lighter tegion (perinuclear halo) adjacent to the nu
cleus. At times, nonspecific azurophilic granu les may be 
seen in the cytoplasm of both small and latge lymphocytes. 

A large lymphocyte has a less dense nucleus and paler, 
mote abundant cytoplasm than a sma ll lymphocyte. The 
nucleus may be round, oval, or kidney-shaped. 

Monocytes are the latgest of the leukocytes (15 to 20 
JLm in diameter). The nuclear chromatin tends to be dif
fuse, appearing lacy or sometimes patchy. The shape of the 
nucleus is highly va tiable and may be oval, ittegulat, kid
ney-shaped, or horseshoe-shaped. In the horse the nucleus 
is ftequently kidney-shaped . In ruminants the nucleus may 
appea r amoeboid and sometimes has a three-pronged con
figurat ion or is sha ped like a cloverleaf. 

The cytoplasm is generall y pale gtay-blue and may 
contain dustlike, azurophilic gran ules. It often contains 
vacuo les that give it a foamy appearance. In ruminants the 
cytoplasm can be mote basophilic and either granular or 
motrled in appearance. 

Neutrophil s are the predominant leukocytes in the 
dog, cat, and horse. The dark-sta in ing nucleus o f the ma
ture cell contains very densely packed chromatin. It is long 
and narrow and may be mono lobed or segmented. The nu
cleus is sometimes coi led, as it is in the cat and, mo re often, 
in the pig. When segmented, the lobes may be separated by 
slight indentations o r th in strands of nucleoplasm. The nu
clear membrane may appea r irregular or tattered from 
bulging clumps of chromatin. In the horse the chromatin is 
so heavily clumped that the nucleus appeats ve ty jagged. 

T he pale gray cytoplasm of the neutrophil contains 
pink , dustlike, specific gta nu les that may be difficult to te
solve with the light microscope. The granu les are sma llest 
in the dog, so that the cytoplasm appeats nongtanu lar and 
very faint. Granulation is most pronounced in the sheep 
a nd goat. In these animals larger, more darkly stained gra n
ules occur among the finer pink granules. 
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Ba nd forms of the neutrophil (and o ther gta nulocytes) 
may be encounteted in a smea r of peripheral blood. The 
nucleus of these cells looks li ke a curved Ot U-shaped band. 
It can be distinguished from a mature, mono lobed granu
locyte by the relatively smooth, rather than ragged, contour 
of the nucleus. Also, the chromatin is less condensed, and 
the nucleus appea rs pa ler and plumper than in the mature 
cel l. 

The nucleus of the eosinophil, although similar to that 
of the neutrophil, tends to be less dense a nd have fewer 
lobes. In the pig the nucleus is commonly oval or kidney
shaped rathet than segmented. C-sha ped, monolobed nu
clei are common in ruminants. 

The cytoplasm of the eosinophil stains pale blue or 
gray. Specific granules stain various shades o f o range, pink, 
Ot ted with eosin. The gtanules of the eosinophi l of the dog, 
unlike those of other domestic mammals, are highly vari
able in size and do not usually fill the cell. Occasionally, 
sma ll , clear vacuo les also occur in the cytoplasm . In the cat 
the gtanules are rod-shaped. Latge, round to oblong gtan
ules ate a striking featute of the eosinophil of the horse. 
They usuall y fill the cytoplasm and cause the cell mem
btane to bulge, so that the eosinophil tesembles a tasp
berry. In the pig, sheep, and goat the granules are small , 
round to ova l, and numerous, often distorting the ce ll 
membrane. In cows the granules are round and intensely 
stained. 

O nly a sma ll petcentage (0.5 to 3%) of the leukocytes 
of domestic mammals are basophils. Hence, they are not 
often found in blood smea ts. The basophil nucleus may be 
irregular, bilobed, or highly segmented. The granu les of ba
sophils vary in size, number, and staining intensity. They 
are often fairly large, round to oval, and sta in reddish pur
ple to dark purple. The granules ate a dumbbell o r coccoid 
shape in the pig. The basophil of the cat is much different 
from that of the other domestic mammals. The granules are 
small and not deeply stained. They are dull gray to laven
der in a lavender cytoplasm. 

Beca use the nuclei of the granu locytes exh ibit many 
fotms, the cells are a lso called polymorphonuclear leuko
cytes (po lymorphs, PMNs) . These terms, howevet, ate 
sometimes used specifica lly as synonyms fot the neutrophil. 

Platelets play an important role in hemostasis. Al
though also refetred to as thrombocytes, they are not cells. 
T hey are membtane-bound fragments of cytoplasm from 
la rge cells called megaka tyocytes, found in the bone mar
row and sometimes the lymph nodes and spleen . Platelets 
are small and pale blue, and they have purple central gran
ules in stained smears. They occur sing ly or in clusters in 
smea rs of peripheral blood. 

CHICKEN 

Matute etythrocytes o f the chicken ate vety d iffetent from 
those of domestic mammals. They are large, elongated, flat 
cells with an ova l nucleus. Tn dtied blood smea rs from 
White Leghorn chickens, they tange from approximately 9 
to 12 JLm long and 6 to 8 JLm wide. Theit size var ies with 
the breed and the sex of the bird. The nucleus contains 



small, uni for ml y distributed clumps of chromati n. The cy
toplasm stains a pale orange to pink color. 

Thrombocytes are nucleated cells, related in function 
to the platelets of ma mmals. T hey are smaller and less elon
gated than erythrocytes and have a larger, more round nu
cleus. The pa le, dull blue cytoplasm is characterized by one 
or mo re small magenta gra nules and vacuo les. 

Lymphocytes a re the most numerous of the leukocytes 
in the chicken. T hei r size varies from small to large, as in 
mammals. The cytoplasm is sl ightly basophilic and may ap
pear granular or ho mogeneo us. The nucleu s is rou nd , 
sometimes slightl y indented, and usua lly centrally located. 
The chro matin occu rs in coa rse cl um ps, except in the larger 
lymphocytes where it is finer. 

Monocytes a re usua ll y larger than lymphocytes. The 
nuclea r chromatin tends to be more diffuse. Vacuoles are 
often seen in the cyroplasm. 

-

Heterophils are the most abundant of the gra nulo
cytes. Both heterophils and eosinophils have acidophilic, 
specific granules. The granules of the heteroph il a re rod
shaped or spindle-sha ped. Thei r centers sometimes contain 
a distinct ive, ruby red, spheric gran ule. D uring staining 
there may be pa rtial or complete dissolution of the rods, 
leaving only the more stable, central gran ule. The granules 
o f the eosinophil are round and pink. Its cytoplasm is pale 
blue, in contrast to the clear cytoplasm of the heteroph il. [n 
both of these granulocytes the nucleus is polymorphic. In 
the eosinophi l the nucleus genera ll y has fewer lobes and 
a lso exhibits dense blocks of chromatin clea rly separated 
by lighter areas. This contrasts with the less dist in ctly 
cl umped chromatin of the heterophil. 

The basophils o f the chicken are much mo re numerous 
tha n in mamma ls. Their specific granules are deeply ba
sophilic, and the nucleus is usuall y unlobed and pale. 
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KEY 

I. Basophil 
2. Eosinophil 
3. Erythrocyte 
4. Leukocyte 
5. Lymphocyte, small 

7. Neutrophil 
8. plasma 
9. Platelet 

10. Smudgeo eosinophil 
11. Stain precipitate 

6. Monocyte 

Figure 6.1. Blood Cells in Section, Artery, Cat. Biconcave, disc· 
shaped red blood cells, leukocytes, and plasma (pale pink) are 
within the lumen of an artery. 

Figure 6.2. Blood, Dog (Giemsa). The cytoplasm of the monocyte 
is, typically, vacuolated. The nucleus is frequently oval or U· 
shaped. Central pallor of the erythrocytes in this preparation is ev' 
ident. 

Figure 6.3. Blood, Dog (Giemsa). The cytoplasm of the small Iym· 
phocyte is very sparse and the nuclear chromatin is condensed. 
The mature neutrophil has a polymorphic nucleus. The pale cyto· 
plasm, barely discernible, is a characteristic of the neutrophi l of 
the dog. 

Figure 6.4. Blood, Dog (Giemsa). The basophil has a polymor· 
phic nucleus and coarse granules of various sizes. 

Figure 6.5. Blood, Dog (Giemsa). In the eosinophil of the dog, the 
granules vary in size and number. Vacuoles occur in the cyto
plasm. The eosinophil on the right is partially smudged. 
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KEY 

I. Basophil 
2. Eosinophil 
3. lymphocyte, medium 

4. Monocyte 
5. Neutrophil 
6. Platelet 

Figure 6.6. Blood, Cat (Giemsal. Eosinophil, neutrophil , lympho
cyte, and monocyte. 

Figure 6.7. Blood, Cat (Giemsal. Two monocytes. Red cells are 
stacked in rouleaux. 

Figure 6.S. Buffy Coat, Cat (Giemsal. Two eosinophils, one neu
trophil , one basophil, and platelets are visible. Eosinophils of the 
cat have pink, rod-shaped gronules. The cytoplasm of the basophil 
contains numerous, small, round, lavender granules that are 
tightly packed and may be difficult to resolve. Distinct red granules 
are scaHered among the lavender granules. 

Figure 6.9. Blood, Horse (Giemsal. Eosinophil, monocyte, neu
trophil , and lymphocyte are visible. In the neutrophil of the horse, 
the nucleus olten appears very jogged. 

Figure 6.10. Blood, Horse (Giemsal. A typical monocyte with 
pole cytoplasm and linearly arranged chromatin. 
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KEY 
I. Bosophil 
2. Basophil granules 
3. Eosinophil 
4. Erythrocyte. crenated 
5. lymphocyte, large 

6. lymphocyte, small 
7. Monocyte 
8. Neu~aphil 
9. Platelet 

10. Smudged cell 

Figure 6.11. Blood, Horse (Giemso). The eosinophil of the horse 
has characteristic, large, round granules. The surface of the cell 
appears bumpy where granules are pressed against the plasma 
membrane, giving the cell a raspberry-like appearance. Note the 
rouleaux, which are common in the horse. 

Figure 6.12. Bu Coat, Horse (Giemsa). Basophil and neu-

shape . 

Figure 6.13. Blood, Pig (Giemsa). Two large lymphocytes and a 
monocyte. 

Figure 6.14. Blood, Pig (Giemsa). Two lymphocytes, one neu
trophi l, and two eosinophils. The eosinophil of the pig contains nu
merous pink, round granules that fi ll the cytoplasm completely. The 
nucleus of the eosinophil is not highly segmented. It varies from 
oval to kidney-shaped. Note the coiled appearance of the nucleus 
of the neutrophi l, a common feature in pigs and cots. Crenated red 
blood cells are commonly seen in blood smears from the pig. 
Rouleaux are also evident in this field . 

Figure 6.15. Blood, Pig (Giemsa). Eosinophil , basoph il, and 
smudged cel l. The granules of the basophil of the pig are dumb
bell or coccoid in shape. Some of the granules have been 
squeezed from the basophil in this preparation. 
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1. Eosinophil 
2. Lymphocyte, la'ge 
3. Lymphocyte, medium 

4. Monocyte 
5. Neutrophil 

Figure 6.16. Blood, Cow (GiemsaJ, Medium lymphocyte and 
monocyte. The cytoplasm of the monocyte is darker and more 
granular than that of the lymphocyte. 

Figure 6.17. Blood, Cow (GiemsaJ. Lorge lymphocyte and neu' 
trophil. Lorge lymphocytes of the cow often show a deeply in ' 
dented nucleus. Their cytoplasm is granular and vacuolated. 

Figure 6.1 B. Blood, Cow (GiemsaJ. The red granules of the 
eosi nophil are small, round, and intensely stained in the cow. The 
nucleus may be lobed, but is usua lly C -shaped. 

Figure 6.19. Blood, Sheep (GiemsaJ. The nucleus of the mono
cytes of ruminants may be oval, indented, or trilobed. The cyto
plasm is gray-blue and vacuolated and may contoin granules. 

Figure 6.20. Blood, Sheep (GiemsaJ. Monocyte with trilobed nu
cleus. Compare with Figure 6.19. Our observations have revealed 
that some monocytes with trilobed nudei occur in cows and goots 
also . 
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5. lymphocyte, medium 
6. lymphocyte, small 
7. Neutrophil 
8. Platelet 

Figure 6.21. Blood, Sheep IGiemsa}. Lymphocyte with 
azurophilic granules . 

Figure 6.22. Blood, Sheep IGiemsa}. Lymphocyte and neutrophil. 
The cytoplasm of the neutrophil of sheep and goats contains nu
merous sma ll and a few large, pink granules. A perinuclear halo 
is commonly seen around the periphery of the nucleus of lympho
cytes. 

Figure 6.23. Blood, Sheep IGiemsa}. The eosinophil of the sheep 
conta ins pink, densely packed, oval granules that are uniform in 

• size. 

Figure 6.24. Blood, Goat IGiemsa}. A lymphocyte and a neu
trophil. The chromatin of the lymphocyte is in the form of closely 
apposed dumps. Granules are evident in the cytoplasm of the neu' 
trophil. 

Figure 6.25. Bully Coat, Goat IGiemsa}. Some lymphocytes of 
the cow, sheep, and goat are binucleate. 
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KEY 
I. Eosinophil 6. Monocyte 
2. Erythrocyte 7 . Neutrophil 
3. Granulocyte 8. Thrombocyte 
4. Heterophil 9 . Vacuole 
5 . lymphocyte, large 

Figure 6.26. Bulfy Coot, Goot IGiemsal . Lymphocyte, monocyte, 
and neutrophil. The cytoplasm of the monocyte is blue and con
tains vacuoles that are otten seen in clusters. 

Figure 6.27. Bully Coot, Goot IGiemsal. The small, round, aci
dophilic granules of the eosinophil of the goat almost fjll the cyto
plasm. 

Figure 6.28. Blood Cells in Section, Chicken. Elongated, nucle
ated red blood cells and a few granulocytes are shown in the lu
men of a blood vessel. 

Figure 6_29. Blood, Chicken IWright-Giemsal . Erythrocytes, 
leukocytes, and thrombocytes. 

Figure 6.30, Blood, Chicken (Wright-Giemsal . An oval , coarsely 
granular nucleus and a vacuolated cytoplasm with one or more 
magenta granules characterize the thrombocyte. 
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KEY 

l. Bosophil 5. Lymphocyte 
2. Eosinophil 6. Monocyte 
3. Heterophil 7 . Smudged heterophil 
4. Immature erythrocyte 

Figure 6.31. Blood, Chicken (Wright-Giemsal. Eosinophil, two 
lymphocytes, and a heterorhi l. The heterophil has numerous rod
shaped granules. Some a these may show a ruby-red, spheric 
granule at the center. The nuclear chromatin is coarse and densely 
packed . In contrast, the eosinophil has fewer, round, pink gran
ules in a pale blue cytoplasm. The nuclear chromatin is blocklike, 
the blocks being distinctly separated from each other. 

Figure 6.32. Blood, Chicken IWright-Giemsal. Monocyte and 
heterophil. Many of the rod-shaped granules of the heterophil 
have a ruby red, spheric granule at their center. This is a common 
characteristic of the heterophil. The monocyte has a pale, ba
sophilic, and vacuolated cytoplasm. 

Figure 6.33. Blood, Chicken (Wright-Giemsal. Basophil, mono
cyte, and immature erythrocyte. The basophil is characterized by 
large numbers of medium-size basophilic granules. Unlike other 
gronulocytes, the nucleus of this cell is usually unlobed . The cyto
plasm of the immature erythrocyte is more basophilic and the nu
cleus is less condensed than in a mature erythrocyte. 

Figure 6.34_ Blood, Chicken (Wright-Giemsal. Eosinophil and 
smudged heterophil. The rod-shaped granules of the heterophil 
and the round granules of the eosinophil are clearly visible in this 
preparation. . 



ed bone marrow is highly cellula r and is specia lized ro produce blood cells and 
platelets. A long with the spleen and liver, it plays a role in hematopoiesis during 
prenata l development. At the ti me of birth it is the principal source of blood cells 

and is fO ll nd throughollt the entire skeleton of the an imal. In the adult, red ma rrow is 
mostly limited to the stern um, ribs, vertebrae, skull , ilia, and the ends of long bones. Yel
low marrow, rich in adi pose tissue, occupies the remainder o f the skeleton o f an adult. 

Red marrow consists of extravascular hematopoietic ti ssue and vascular sinusoids. 
The hematopoietic tissue is rich in blood cells in various stages of formation. It also con
rains cells of the connective tissue and is supported by a reticular meshwork. Pluripotent 
stem cells provide a source of unipotent stem cells committed to the formation of either 
erythrocytes, gra nu locytes, agran ulocytes, or megakaryocytes. Generall y, immature 
(early) ce lls of the bone marrow are relatively large, and they have a euchromatic nucleus 
with nucleoli. As they di vide and mature, the cells become smaller, the nucleus becomes 
more heterochromatic, and the nucleoli disappear. Older cells predominate over the im
mature forms. 

The progression o f cell stages, from the morphologicall y indistinct stem cell to a spe
cific mature blood cell , comprises a cell series (ce Ll line) . Most of the cells seen in prepa
rations of the bone marrow belong to either the erythroid o r gran ulocytic (myeloid) se
ries . The cells of these series are presented in this chapter. 

The proerythrocyte (rubribl ast, proerythroblast) is a la rge, round cell wi th a ba
sophilic cytoplasm. The nucleus is large, with finely gra nu lar chromatin and a few nucle
oli. This cell undergoes several divisions, giving rise to basophil ic erythroblasts (prorubri
cytes). These cells are round with round nuclei. They are the earl ies t cells of the erythroid 
series that can be read ily identified in smears. T he basophil ic erythroblast is somewhat 
sma ller than its precursor and has a deeply basophilic cytoplasm. The nuclea r chromatin 
is more coarsely clumped, and no nucleol i are visible. Basophilic erythroblasts give rise to 
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polychromatophilic erythroblasts (rubricytes), wh ich are 
smaller cells. The chromatin is more condensed, appearing 
as blocks separated by light streaks, similar to the chro
matin of a plasma cell. The cytoplasm is mottled with pink 
and blue areas. As hemoglobin synthes is continues and ri 
bosomes diminish, the cytoplasm becomes more pink and 
less blue. M itotic division usually ceases in the late poly
chromatophilic erythroblas t stage. O rthochromatophilic 
erythroblasts (normoblasts, metarubricytes) are character
ized by a round, highly condensed, and deeply stained nu
cleus. Their cytoplasm is distinctly eosinophilic, but may 
show slight tinges of blue. Eventually, the nucleus is ex
truded, leaving an all ucleate reticulocyte that matures into 
an erythrocyte. 

Myeloblasts are large granulocytic cells with a grainy, 
basophilic cytoplasm . The round to oval nucleus contains 
finely d ispersed chromatin. Nucleoli may be present. These 
cells give rise to the promyelocyte, rhe earl iest stage in the 
development of a granulocyte that can be read ily distin
guished in smears. Th is cell contains a relatively large nu
cleus with nucleoli and chromatin that is beginning to 
clump. The cytoplasm contains nonspecific azurophilic 
(magenta) gra nules. Promyelocytes divide and give rise to 
myelocytes. T he myelocyte is smaller and has an oval, of
ten eccentric, nucleus with more condensed chromatin. 
Specific granules, characteristic o f neutrophils, eosinophils, 
or basophils, are apparent in the cytoplasm. Late myelo
cytes lose the capacity to divide. They a re known as 

38 COLOR ATlAS OF VETERINARY HISTOLOGY 

metamyelocytes w hen the nucleus becomes indented and 
more condensed. With further modification the nucleus be
comes more elongated in the band.-cell stage before eventu
ally assuming the shape found in the mature granulocyte. 

Megakaryocytes are situated in the extravascular CO I11 -

partment, close to sinuso ids, into which they release 
platelets. T hey are very large cells with a polymorphic nu
cleus and a grainy cytoplasm, and they are often seen in 
preparations of the bone marrow together w ith a variety of 
other ce ll s such as plasma ceil s, adipocytes, and cells in mi
tosis. Osteoblasts and osteoclasts, which are closely associ
ated with the surface of the bone lin ing the marrow cavity, 
may also be encountered in smear prepa rations of marrow. 

CHICKEN 

T he o rganization of bone marrow of the chicken is differ
ent fr0111 that of mammals. Erythropoiesis takes place 
withi n the vascular sin usoids, rather than in the extravas
cular tissue. T he immature red blood cells (large cells with 
a basoph ilic cytoplasm) are found adjacent to the endothe
lium of a sinusoid . As division and maturation of rhese ce ll s 
progress, the older ones move inward. Thus, mature ery
throcytes (with an eosinophilic cytoplasm) accumulate in 
the center of the vessel. As in mammals, cells of the granu
locytic series (heterophils, eosinophils, and basophils) de· 
velop in the extra vascular spaces of the marrow. 
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11. Neutrophilic band cell 
12. Orthochromatophilic erythroblast 
13. Osteoblost 
14. Osteoclast 
15. plasma cell 
16. Smudged cell , nucleus 

Figure 7. L Megakaryocyte, Bone Morrow, Cat IGiemsa), The 
megakaryocyte is a large cell with a polymorphic nucleus and 
gra iny cytoplasm. Blood platelets are derived from fragments of 
the cytoplasm. Forces generated during the formation of the smear 
appear to have separated a segment of the nucleus. 

Figure 7.2. Osteoclast, Bone Marrow, Cat IGiemsa). The osteo
clast is a la rge, multinucleate cell formed from fused 
macrophages. Azurophilic bone debris can be seen in the cyto
plasm of tnis specimen. 

Figure 7.3. Osteoblasts, Bone Marrow, Cat IGiemsaJ. O s
teablests are characterized by the presence of an eccentric nu
cleus and basophilic cytoplasm. A perinuclear clear zone, repre
senting the site of the Goigi apparatus, may be visible. In smears 
these cell s often occur in dusters. 

Figure 7.4. Bone Marrow, Cat IGiemsaJ. A variety of different 
cells of the bone marrow can be identified at this magniFication . 

Figure 7.5. Bone Marrow, Cat IGiemsaJ . Basophilic and 
eosinophi lic myelocytes are represented in this field . 
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Figure 7.10 

I. Basophilic band cell 
2. Basophilic erythroblast 
3. Basophilic myelocyte 
4. Endothelial cell, nucleus 
5. Eosinophil 
6. E')'fhrocyte, early 
7. Erythr~i' mature 
8. Helerop il 
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I O. 
II. 
I 2. 
13. 
14. 
15. 
16 . 

Neutrophil 
Neutrophilic band cell 
Neutrophilic metamyelocyte 
Neutrophilic metamyelocyte, late 
Orthochromatophilic erythroblmt 
Polychromatophilic erythroblast 
Promyelocyte 
Reticulocyte 

Figure 7.6. Bone Marrow, Cat (Wright·Giemsal. A basophilic 
myelocyte, segmented eosinophil , and polychromatophilic ery
throblast are evident. 

Figure 7.7. Bone Marrow, Cat IWright-Giemsal . Various 
myeloid developmental stages are shown in this field. 

Figure 7.8. Bone Marrow, Cat (Wright-Giemsal . Various ery
throid developmental stages are shown in this field . 

Figure 7.9. Bone Marrow, Cat (Wright·Giemsal. The largest cell 
seen in this field is a promyelocyte. Note the presence of numer
ous magenta, azurophilic granules in its cytoplasm . 

Figure 7.10. Bone Marrow, Plastic Section, Chicken IGiemsal. 
Intravascular developmental stages of erythrocytes are shown . In 
the extravascular compartment, heterophils and eosinophils can 
be disti ng uished. 



unique characteristic o f muscle cells is the presence of a subst ructu re of myofila
ments that provides them with the ability to contract. Although the arrangement 
of the myofilaments in cells of smooth muscle differs from that of cells of skeleta l 

and cardiac muscle, the contracti on process is the same. This process occurs w hen the fi l
aments slide past one another resulting in a sho rtening of the cel l. 

Smooth muscle is involunta ry. Its ce lls are long and tapered and have an elongated 
nucleus located about midway between the ends of each cell. Smooth muscle consists o f 
groups of these cells bound together by connecti ve tissue fibers. Students often encounter 
difficulty in distinguishing smooth muscle from the surrounding connecti ve tissue. It is 
helpful to know that smooth muscle presents an overall dull, pink appearance in hema
toxylin and eosin preparations, whi le fibers of the connective tissue are considerably more 
refractile and appear bright pink and shiny by comparison. 

Smooth muscle is found in a var iety of places, for example, throughout the digestive 
tract, in blood vessels, in the urinary bladder, in the capsules of some o rgans, a nd in 
bronchi. 

Skeletal muscle is st riated and voluntary. Cells are multin ucleated and may be 3 or 4 
cm long. Cross-st riations result frol11 the precise registration of the A, I, H , and M bands 
of the sarcomeres of the myofibrils. N uclei are located peripherally, immed iately below 
the sarcolemma. Indi vidual cells are grouped in to fascicles. Each fa scicle, in turn, is sur
rounded by a perimysium of loose connective tissue. Each cell withi n a fasc icle is closely 
in vested by del icate reticular fibers, the endomysium. Groups of fascicles are bound to
gether by a sheath of dense connective tissue, the epimysium. Collagenous fibers of ten
dons insert into invaginations at the ends of the muscle cell, anchoring the tendon to an 
external lamina, which is adherent to the sarcolemma. 

Cardiac muscle is stria ted and invol untary. It forms the myocardium of the heart a nd 
occurs in the wa lls of the major vessels carrying blood to and from the heart, incl uding 
the aorta, pulmonary artery, pulmonary vein, and vena cava. A single, centrally located 
nucleus occu rs in most cells. Occasiona ll y, however, a cell with two nuclei may be seen. 
The cel l's cross-stria t ions result fro l11 the precise registra tion of sarcomeric bands as in 
skeletal muscle. Un li ke cells of skeleta l o r sl1100th muscle, ce lls of cardiac muscle branch 
and anastomose with one another. Special cell -surface modificat ions called intercalated 
discs join cells of cardiac muscle together end to end . 

Some cells of card iac l11 uscle are modified and function as a conducting system that 
helps to coordinate the heart beat. These modified cells are the functional elements of the 
sinoatrial node, atriovent ricular node, and the Purkinje fibers. 
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1. Arteriole 
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7. Muscle cell, oblique cut 
8. Muscle cell, x.s. 
9. Perimysium 

10. Tendon 
11. Venule 

Figure 8.1. Smooth Muscle, x.s. and I.s., Muscularis Externa, Je
junum, X.5., Sheep. Cells of smooth muscle have a single, elon
gated nucleus. This is apparent in cells that have been sectioned 
longitudinally. Cross sections of smooth-muscle cells vary in diam
eter, dependi ng on where they were transected along their length. 
If the cell was transeded through its middle region, the nucleus is 
visible and appears round. If the cut was closer to the tapered ex
tremity of the cell , no nucleus is evident and the cell has 0 smoller 
diameter. 

Figure 8.2. Smooth Muscle, x.s. and I.s., Urinary Bladder, Pig. 
The tapered form of the smooth·muscle cell is evident. 

Figure 8.3. Skeletal Muscle, x.s. and I.s., Tongue, Horse. Cells of 
skeletal muscle are large and possess numerous, peripheral nu
clei . Cross-striations are evident in cell s cut longitudinally. 

Figure 8.4. Skeletal Muscle and Tendon, oblique cut, Tongue, 
Horse. The collagenous fibers of 0 tendon can be seen blending 
with skeletal -muscle cells. 
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1. A band 5. Muscle cell, J.s. 
2. Endomysium 
3. H band 

6. Myofibrils 
7. Z band (line) 

4. I band 

Figure 8.5. Skeletal Muscle, 1.5., Lip, Dog (Masson's). Portions of 
two muscle ce lls showing individual myofibril s and cross-stria
tions. 
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KEY 

1. Bifurcation 5. Muscle cell, I.s. 
2. Capillary, X.5. 

3. Endomysium 
4. Intercalated disc 

6. Muscle cell, nucleus 
7. Muscle cell, X.5. 

8. Myohb,;ls 

Figure 8.6. Skeletal Muscle, x.s., Tongue, Horse. T ransected my
ofibrils can be clearly seen within each cel l. 

Figure 8.7. Cardiac Muscle, 1.5., Heart, Cot. Bifurcations in the 
cardiac-muscle cells are visible. 

Figure S.8. Cardiac Muscle, 1.5., Cot. Cross-striations and inter
calated discs are apparent in this preparation. 

Figure 8,9. Cardiac Muscle, x.s., Pig, Note the centrally located 
nuclei of the muscle cell. 



plexus. 

ne can hard ly examine a histologic preparation of any sort without finding some 
evidence of nervous t issue, for exa mple, sections through myelinated or unmyeli
nated nerves, isolated neurons, encapsulated nerve endings, or perhaps a nerve 

The nervous system consists of neurons of va rious sizes and kinds, includ ing their 
supporting elements, and is basica ll y simiJar in a ll domestic ani mals. In the central ner
vous system there is a structural framework provided by neurogl ia cells and their pro
cesses. Additiona lly, meni nges, formed of connecti ve t issue, surround the brai n and spi na l 
cord provid ing support and protection. In the periphera l nervous system, neuroglia cells 
are lack ing and the system's various components are supported by connective tissue and 
specia l cells. For example, axons and bund les ofaxons of periphera l nerves are fastened 
together by both loose and dense irregu la r connective tissue and the processes of neurons 
a re supported by Schwann cells. 

Selecred examples of nervous system elements as they typically appea r in histologic 
preparat ions of various kinds a re presented. Add itiona lly, sections through portions of 
the bra in, brain stem, and spi nal cord have been included . The organs of specia l sense, the 
eye and ear, are trea ted i.n separate chapters. 
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I. Blood vessel 9 . Periosteum 
2 . Bone, skull 10. Pia moler 
3 . Dendrite 1 1 . Purkinje cell 
4 . Duro mater 12. Pyramidal cell 
5. Gronular layer 13. Pyramidal cell layer 
6 . Mesothelium 14. Subarachnoid space 
7 . Molecular Iler 15. White matter 
B. Outer gronu or loyer 

Figure 9,1, Cerebellum, Sheep. The molecular and granular lay· 
ers of the gray matter and Purkinje cells ore shown. The white mat
ter lies deep to the gray matter. 

Figure 9.2. Cerebellum, Sheep. Portions of the dendritic tree of 
the multipolar Purkinje cell s are visible. 

Figure 9.3. Cerebral Cortex, Dog. Outer portion of cerebral cor
tex with numerous blood vessels . 

Figure 9.4. Cerebral Cortex, Pyramidal Cells, Dog. Magnified 
view of cell s of the pyramidal layer. 

Figure 9.5. Dura Mater, Gaol. The dura remains anached to the 
skull when the loner is separated from the brain. It is a dense fi 
broelastic layer lined by a mesothelium. The dura merges with the 
periosteum of the skul l. 
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1. Arachnoid layer 
2. Cerebrospinal Auid 
3. Collagenous Rber 

4. Molecular layer 
5. Pia mater 
6. Small artery 

Figure 9.6. Meninges, Cerebellum, Sheep IMallory's}. The 
arachnoid layer, subarachnoid space, and pio mater are shown. 
The subarachnoid space is filled with cerebrospinal flu id , which is 
stained purple. W isps of collagenous fibers (blue) can be seen 
within the subarachnoid space. These connect the arachnoid layer 
with the pia. 
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Figure 9. 11 x 125 

KEY 

I . Astrocyte, cell body 
2. Astrocyte, process 
3. Brain sand 

10, Medulla 
11 . Molecular layer 
12. Neuron 

4. Capillary 
5. Cerebellum, vermis 

13. Perivascular space 
14. Pia mater 

6. Choroid plexus 
7. Epithelium 
8. Fourth ventricle 

15. Purkinje cell 
16. Venule 
17. Villus, x.s. 

9 . Granular layer 

Figure 9.7. Cerebellum, Dog. Portion of a sulcus containing a 
venule. The perivascular space surrounding the vessel is continu
ous with the subarachno id space and separates the vessel from the 
pia mater on either side. 

Figure 9.S. Choroid Plexus, Cat (Cresyl Violetl. Portion of the 
fou rth ventricle with choroid plexus in the roof of the medullo, 

Figure 9.9. Choroid Plexus, Dog. The simple cuboidal epithelium 
and large, thin·walled copillaries are major constituents of the villi 
of the choroid plexus. 

Figure 9.10. Brain Sand, Hypothalamus, Dog. Calcified, granu' 
lor moterial called brain sand can be found dispersed through 
various parts of the broin, including the hypothalamus, cerebel· 
lum, and pineal gland, 

Figure 9.11. Fibrous Astrocytes, Medulla, Cat (Golgil. These 
neuroglia cells have long processes that show little or no branch-
, 
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Figure 9.12 

• 

x 26 

KEY 

1. Central conal 
2. Gray motter, ventral horn 

3. Multipolar neuron 
4. White matter 

Figure 9.12. Spinal Cord, Cervical, x.s., Sheep (Masson's). The 
central canal , gray matter, and white matter are shown . 
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Figure 9.13 x 125 

Figure 9.14 x 125 
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Figure 9.15 x 180 

Figure 9.16 

1. Axon hi llock 
2. Central canal 
3. Cilia 
4. Dendrite 
5. Gray matter 

KEY 

6. Nerve fibers 
7. Neuron cell body 
8. Nissl granules 
9. Nucleolus 

10. Nucleus 

• .' ", 
}-, ! 

x 62.5 

Figure 9.13. Central Canal, Spinal Cord, x.s., Sheep. To ll 
ependymal cells, some of which a re ciliated, line the central cana l. 

Fij/ure 9.14. Multipolar Neurons, Spinal Cord, Sheep. The axon 
hi ock of two neurons can be seen. Nissl granules are absent from 
the hillock region, but extend into the dendrites. 

Figure 9.15. Multipolar Neurons, Spinal Cord, Cow. Two multi
polar neurons are shown in this smear preparation. Note promi
nent nucleoli and Nissl granules. 

Figure 9.16. Dorsal Root Ganglion, Dog (Luxol Fast Blue/Cre
sylecht Violet) . Portion of a dorsal root ganglion showing neurons 
and nerve fi bers. (Photomicrograph ot a histologic section bor
rowed from the College of Veterinary Medicine. Iowa State Uni
versity.1 
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Figure 9.21 x 12.5 

KEY 

1. Adipose tissue 
2. Epineurium 
3. Muscularis externa, inner circular 

8. Neuron cell body 
9. Nissl granules 

10. Perineurium 
4. Muscularis externa, outer longitudinal 
5. Muscularis mucosae 

11 . Plexus 
12. Sotell;te cell 

6 . Nerve 13. Submucosa 
7. Nerve hber 

Figure 9.17. Dorsal Root Ganglion, Dog (Luxol Fast Blue/Cre· 
sylecht Violet). Flaijened satellite cells envelop the round neuron 
cell bodies of the unipolar neurons. (Photograph of a histologic 
section borrowed from the College of Veterinary Medicine, Iowa 
State University.) 

Figure 9.18. Parasympathetic Ganglion, Pulmonary Artery, 
Dog. A ganglion and associated nerve located in the adventiti a of 
the artery. 

Figure 9.19 . Meissner's Plexus, Esophagus, x.s., Pig. These 
parasympathetic plexuses a re located in the submucosa of the di ~ 
gestive tract. Note the characteristic large lIowl' s eye" nucleus of 
the neurons. 

Figure 9.20. Auerbach's Plexus, Jejunum, I.s., Dog . These 
parasympathetic plexuses are located between the inner circ.ular 
and outer longitudinal layers of the muscularis externa of the di~ 
gestive tract. 

Figure 9.21. Nerve, Myelinated, x.s., Pig (Masson's) . The nerve 
shown is composed of many fascicles bounded by a connective tis ~ 
sue sheath , the epineurium. Each fascicle is surrounded by a per' 
ineurium and contains numerous axons. 
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Figure 9.22 
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/ 
X 260 

KEY 

1. Axon 4. Perineurium 
2. Endoneurium 
3. Myelin sheath 

5. Space artifact 

Figure 9.22. Nerve Fascicle (portion on, Myelinated, x.s., Pig 
(Masson's). Delicate connective tissue fibers of the endoneurium 
are visible around individual myelinated axons. 
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Figure 9.26 

1. Axon 
2. Blood ve$Sel 
3. Groove in plasma membrane 

of Schwenn cell 
4. Myelin sheath 
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5. NelVe fibers, 1.5. 
6. Nerve fibers, x.s. 
7. Perineurium 
8. Schwenn cell , nucleus 

Figure 9.23. Nerve, Myelinated, Thoracic Wall, Cat. Myelin 
sheaths (pink) ohen present a scalloped or vacuolated appear
ance, a n arti fact of processing. Axons in this preparation are 
round, oval, or shriveled and either blue-gray or purple. 

Figure 9.24. Axans, Myelinated, Medulla, Horse (Hagguist). 
Axons (blue) with myeli n sheaths (pink) are seen in longitudinal 
sections a nd cross sections. 

Figure 9.25. Nerve Fascicles, Unmyelinated, Ureter, Pig. Note 
the wavy appeara nce of the fibers that have been cut longitudi· 
nally. See Figure 9.26 for comment on relationship ofaxons to 
Schwann cells. 

Figure 9.26. Nerve Fascicle (portion af) , Unmyelinated, Left 
Ventricle, Pig. Each Schwann cell enwraps several unmyelinated 
axons within grooves jwhich appear as vesicles in cross section) of 
its plasma membrane. Axons can be seen fill ing some of the 
grooves, whi le in others they have shrunken from the plasma 
membrane of the Schwann cell. 



•• ... 
• 

• ~ 
o 

• 
• 

Figure 9.27 

Figure 9 .28 

- - I 

" " , , 
I , 

• 
I , 

J" , . 
, 

• 

Figure 9 .29 

figure 9.30 

• 

• • 

" 
....................... ~- ... :'. -~.-:.;..-

' . ," ~-- • .- " • 

, 

• 

• • . . " 
. ',' " . " 

," '. .. '" ( , :C .. /,. ... 
.,' /~" , \ 

~ 'n . ~ 
~-.J.I 

f~, ,\. I 
• 

4t -, 

• 

• 
• 

, " 
.. . -

'- ," '. -" . ... ,. .. -

• . -. , 

Ai' . - -· , , 

, 

" '\1" , • 

x 25 

, 
• 

" • ).. •. 
> \ ~~ ,. ... :. , \: oi • 

• 

• 
, 

, -

• 

• 

, , 

• 

, , , 
0 

I , , 
0 

• 
• - -
13 

----.. -
~ ' JI~' ":t\''' I. 1 • '<OllIe · 
o;,,~~':)~ ,~ " 

• , . 
II ' < . . , -

"I 

2 

x 62.5 

, 

I , 
" •. -;-.I f,. 
• , . ., I 
;. '\~ .. " ....... 
I~' '''''-'~' \ • 
~~ .,.,; .~~. ...~' 

• • 

"'.1'.. '~, 'I · ~, -'l •• .. ~ 

'--;.. "'.... ' ,r-.: . .. 
' . .--"' .. - ( 

oS 

• 
4 

~12 

• 

x 125 

x 250 

54 COLOR ATLAS OF VETERINARY HISTOLOGY 

• 

, 

• • • . . 6 '. . ", . . 

• -.. .. 
.. 

-, 

Figure 9.31 

. '. 
.' 

-' '.' 

-- . 

I. Arteriovenous shunt 
2 . Capsule 
3. Central canal 
4 . fluid·filled spoce 
5 . Glycogen body 
6 . Gray motter 
7 . Inner core 
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8. Mesenteric blood vessel 
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Multipolar neurons 
Nerve 
Nucleor bag fiber 
Nuclear chain fiber 
Outer core 
Pancreas 
Skeletal muscle, x.s. 
While matter 
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x 12.5 

Figure 9.27. Pocinian Corpuscle, whole mount, Mesentery, Cat 
(Carmine). Two corpuscles (one on the right somewhat distorted) 
are shown. Each is surrounded by a capsule of connective tissue 
within which are located concentric laminae of f1aHened cells that 
form the core. A nerve ending courses through the center of the 
corpuscle. The closely packed inner core cells surround the nerve. 
The peripheral laminae form a looser, outer core. 

Figure 9.28. Pacinion Corpuscle, x.s. , Pancreas, Cot. The 
pacinian corpuscle is frequen~y seen in the pancreas of carni
vores. See Figure 9.27 for description . 

Figure 9.29. Small Encapsulated Nerve Endings, Dermis, 
Planum, Cow. Numerous encapsulated sensory nerve endings oc
cur in the dermis of the planum near the epithelium. 

Figure 9.30. Neuromuscular Spindle, x.s., Thoracic Muscle, Cat. 
A neuromuscular spindle is a proprioceptor located within a mus
cle. It consists of sensory and motor nerve endings and intrafusol 
fibers, which are narrow, modified skeletal muscle cells. Nuclear 
chain fibers are intrafusal fibers with a single row of nuclei , while 
nuclear bag fibers are intrafusal fibers that contain many closely 
packed nuclei. A capsule encloses the f1uid·filled space that sur' 
rounds the intrafusal fibers. 

Figure 9.31. Glycogen Body, Lumbosacral Enlargement, Spinal 
Cord, x.s., Chicken. The glycogen body is found only in birds. It 
consists of polyhedral, vesicular cells , each containing a central 
mass of glycogen and a peripherally displaced nucleus . 
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Figure 9.36 x 62.5 

1. Axon 
2. Bone 
3. Copsule of Herbst corpuscle 
4. Cell of glycogen body 
5. Central canol 
6. Core 
7. Dermis 
8. Dorsal root ganglion 
9. Epidermis 

KEY 
10. 
11 . 
12. 
13, 
14. 
15 . 
16. 
17 . 
18. 

Muscle (moves feather) 
Gray matter 
Multipolar neuron 
Nerve 
Sharpey', fibers 
Space artifact 
Unipolar neuron 
Ventral root 
While maHer 

Figure 9.32. Glycogen Body, lumbosacral Enlargement, Spinal 
Cord, x.s;, Chicken. Cells of the glycogen body in detail. See Fig· 
ure 9.31 tor description. 

Figure 9.33. Dorsal Root Ganglion, lumbosacral Enlargement, 
Sr inal Cord, X.S. , Chicken. Portions of the spinal cord, ventral root 
o a spinal nerve, dorsal root ganglion, and vertebra. 

Figure 9.34. Dorsal Root Ganglion, lumbosacral Enlargement, 
Spinal Cord, x.s., Chicken. Neuron cell bodies of unipolar neu ' 
rons and myelinated axons are shown. 

Figure 9.35. Herbst Corpuscle, Up~r Beak, x.s., Chicken. These 
encapsulated nerve endings occur frequently in the skin of the 
bird . They are similar to pacinian corpuscles of mammals and 
consist of an outer capsule of connective tissue, a laminated core, 
and an axial sensory nerve ending. 

Figure 9.36. Herbst Corpuscle, Skin, Neck, Chicken. The Herb,t 
corpuscles associated with follicles of feathered skin are sausage
shaped. 
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"'"'1he heart pumps blood and conveys it to the tissues and organs rhrough blood ves
sels. Fluid rhat escapes from the blood is returned to the venous system by lym
phatic vessels. 

Vessels of rhe cardiovascu lar sysrem are lined by an endothelium, which is, typica lly, 
a single layer of squamous cells. The smallest of the blood vessels, capillaries, are tiny en
dothelia l tubes . They are easily overlooked in histologic secrions, especiall y if rhey are 
compressed or collapsed. 

The walls of arteries and veins are arranged into concentric layers: the inner tunica 
intima, middle tunka media, and outer tunica adventitia. The composition and th ickness 
of these layers vary with the size and type of vessel. The tunica media is nor always pre
sent. 

Small arteries can be defi ned, arbitrari ly, as possess ing up to eight or nine layers of 
smooth muscle ce lls in the tun ica media. The smallest of these vessels is usually termed an 
arteriole. Irs wall is composed of an endotheli um (tunica intima), one or two layers of c ir
cu larl y arranged smooth muscle cell s (tunica media) , and a bit o f surround ing loose con
necti ve tissue (tunica adventitia). Some of rhe larger small arteries have an internal elastic 
membrane. Small arteries are accompanied by small veins. The sma llest veins a re called 
venules. These are similar to arterio les, but have relatively thin walls and lack a tunica me
dia of smooth muscle . An internal e lastic membrane is not found in small veins. 

As the diameter of a vessel increases, the tun ics become larger and more elaborate. 
For example, the tun ica intima of a medium artery contains connective tissue interspersed 
between the endothelium and internal elastic membrane. The thick tunica media, with 
varying proportions of smooth muscle and elastic fibers, comprises the bulk of the wall. 
The connect ive ti ssue o f the tun ica advent itia contains co llagenous and elas tic fibers, 
small blood vessels (vasa vasorum), and nerves. A medium vein, in contrast, has less 
smooth muscle and fewer elastic fibers in the runica media and possesses a thicker tunica 
adventitia. 

Arteries ordinari ly appea r round in cross section and have an obvious, rippled, inter
nal elastic membrane. Conversely, acco mpanying veins are larger in diameter with an ir-
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regu lar or collapsed lumen and th inner wa lls, and, except 
for some of the largest, they have no internal elastic mem
brane. T he lu mens of blood vessels in tissue sections often 
contain blood cells, plasma, or both. Although it can be dif
ficult to dist ingu ish between veins and lymphatic vessels, 
the latter have thinner waUs tha n veins of simi.lar size and 
normally do not contain erythrocytes. Valves may occur in 
both veins a nd lymphatic vessels. 

There are several variat ions fro m the "typical" blood 
vessels: T he tunica adventitia of large veins adjacent to the 
heart contains cardiac, rather than smooth, muscle. Some 
arteries have smooth muscle in the tunica intima, as well as 
the tunica media. Smooth muscle may be oriented either 
longitudina lly or circularly. T he tunica adventi tia of arter
ies may be either abundant or scam . 

The arteries of arteriovenous anastomoses lack an in
ternal elastic membrane, but possess epithel ioid (epithelial
like) longitud inally a rranged smooth muscle cells. Specia l 
structures, the aortic and carotid bodies, are closely associ
ated with the tunica adventitia of their respective arteries. 

• 
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Many special vessels un ique to certain organs such as 
the sinusoids of the liver, postcapilla ry venu les of lymph 
nodes, and helicine arteries of the penis a re presented else
where with their appropriate organ systems. 

The heart is a muscu la r organ whose wall is composed 
of an endocardium, myocardium, and epicardium. The 
thickness and composition of the wall vary, being thickest 
in the ventr icles and thinnest in the atria . T he middle layer 
of cardiac muscle, the myocardi um, predominates . Valves 
of connective t issue covered by an endothel ium, are exten
sions of the endocard ium. Regions of the heart, incl uding 
the base of the aorta and pulmonary trunk, as well as the 
atr ioventricular orifices and septum, a re supported by the 
cardiac skeleton. This cardiac skeleton may be in the form 
of dense irregular connective tissue, fibrocart.ilage, hyal ine 
carrilage, .or bone and varies with age and among individ
ua ls. 

A small amount of fl uid occurs in the pericardial cav
ity between the epicardium (viscera l perica rdium) and the 
pa rietal pericardium . 
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KEY 

1. Arteriole, x.s. 9. plasma cell 
2. (opilimy, I. s. 
3. Capillary, x.s. 
4. Endothelial cell, nucleus 

10. Skeletal muscle cell , x.s. 
11 . Small artery, x.s. 
12. Small vein 

5. Endothelial cell, surface cut 
6. Erythrocytes 
7. Macrophage 
8. Mast cell 

13. Smooth muscle cell , nucleus 
14. Uterine gland 
15. Venule 

Figure 10.1. Capillaries, x.s. and I.s., Diaphragm, Dog. Exten
sive capillary networks occur around muscle cells. 

Figure 10.2. Capillary, I.s., Lamina Propria, Duodenum, Sheep. 
Erythrocytes fill the lumen of this capillary. 

Figure 10.3. Arterioles and Venules, Eyelid, Pig. Small blood 
vessels of various sizes are present in the dermis. 

Figure 10.4. Arterioles, x.s., Endometrium, Uterus, Dog. The 
smallest of the arterioles shown have only one layer of smooth 
muscle in their walls . 

Figure 10.5. Venule, I.s., Connective Tissue, Epiglottis, Goat. The 
wall of the venule consists of an endothelium surrounded by a 
small amount of connective tissue . 
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Figure 10.10 

1. Arteriole 
2. Endothelial cell , nucleus 
3, Erythrocytes 
4. Internol elastic membrane 
5. Plasma 
6. Skeletal muscle 
7. Small artery, x.s. 

.--2 

KEY 
8. Small vein , x.s . 
9, Sweat gland 

10. T unice adventitia 
11. T unice media 
12, Valve 
13. Venule 

x 250 

Figure 10,6. Arterioles and Venule, 1.5., Submucosa, Esopha
gus, Cot. In the region where the arterioles have been cut tangen
tially, the ci rcular arrangement of the smooth muscle of the tun ica 
media can be seen. 

Figure 10.7. Small Artery and Vein, x.s., Eyelid, Pig. These ves' 
sels are surrounded by portions of sweat glands in the dermis. 
Veins such as the one shown often have an irregular or collapsed 
lumen . 

Figure 10.8. Small Artery, 1.5., Esophagus, Pig. 

Figure 10.9. Small Vein with Valve, 1.5., Nose, Sheep. Valves 
are thin naps of connective tissue covered on both sides by an en
dothelium, 

Figure 10.10. Small Artery, X.5., with Branch, Subcu~s, Dog. 



Figure 10.11 x 62.5 

Figure 10.12 x 125 

Figure 10.13 x 62.5 

Figure 10.14 x 62.5 

Figure 10.15 

1. Adipose tissue 
2. Artery 
3. Elastic fiber 
4. Erythrocytes 
5. External elastic membrane 
6. Internal elastic membrane 
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7. Nerve 
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1 O. Tunica intima, endothelium 
11 . Tunica media 
12. Vein 

Figure 10.11. Small Artery, Vein, and Nerve, x.s., Pancreas, 
Cat. Note that both of the vessels have a sparse adventitia. 

Figure 10.12. Artery and Vein, x.s., Wattle, Rooster. Note the 
especially thick tunica media of the artery. 

Figure 10.13. Medium Artery, x.s., lymph Node, Pig. The rich· 
pink color of the elastic fibers contrasts with the paler·pink color of 
the collagenous fibers and smooth muscle. 

Figure 10.14. Medium Artery, x.s., lymph Node, Pig IOrcein). 
Elastic fibers are stained reddish brown with orcein . 

Figure 10.15. Medium Vein, l.s., lymph Node, Pig. This vein ac' 
companied the artery in Figures 10.13 and 10.14. 

, 

CARDIOVASCULAR SYSTEM 61 



• • • 

• • '-

, 

• 

. , 

Figure 10.16 

• , 

/" ~ 
" ,. // .J' 

. , 

it:! 

Figure 10,17 

,. , · .~ . ..' '. . .. 

.~' 
• • 

I 

Figure 10.1 8 

• 

' . 

I 

I 
, 
Figure 10.19 

62 COLOR ATLAS OF VETERINARY HISTOLOGY 

1 
• 

• 

• • 

• 
, 
• • 

• --.::: 

x 62.5 

f 
/ 

-

~ '''. ! 
x 125 

x 62.5 

x 62.5 

Figure 10.20 x 25 

KEY 

1. Adipose tissue 
2. External elaslic membrane 

5. Tunica adventitia 
6. Tunica intima, endothelium 

3. Internal elastic membrane 7. Tunica media 
4. Nerve 8. Valve 

Figure 10.16, Medium Vein, 1.5" lymph Node, Pig 'IOrcein) , 
Elastic fjbers are stained reddish brown with orcei n. 

Figure 10,17, Medium Artery, x,s" lymph Node, Cat. longitu· 
dinally oriented smooth muscle is present in the tunica intima be
tween the endothelium and internal elastic membrane. 

Figure 10,18. Renal Artery, Near Aorta, x,s" Pig, Note both an 
inner and outer layer of smooth muscle in the tunica media . The 
inner layer is arranged longitudinally. 

Figure 1 0, 19, Portal Vein, x,s" Dog, Note the bundles of longi· 
tudina lly arranged smooth muscle in the tunica adventitia , a char
acteristic of large veins. 

Figure 10,20, Vein with Valves, x,s" lip, Pig, 

• 



Figure 10.21 x 12.5 

Figure 10.22 x 62.5 

Figure 10.23 x 125 
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Figure 10.24 x 250 

Figure 10.25 

1. Anastomotic artery 
2. Aorta, lumen 
3. Epithelioid cells 
4. Nerve 
5. Pulmonary artery, lumen 
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6. Tunica adventitia 
7. Tunica intima 

7 

x 12.5 

8. Tunica intima, endothelium 
9. Tunica media 

Figure 10.21. Umbilical Artery IRight} and Vein ILeft), x.s., 
Horse IMasson's}. The tunica media of the umbilical artery is 
thicker thon that of the umbilical vein. 

Figure 10.22. Umbilical Artery, x.s., Horse IMasson's}. The um
bilical artery lacks an internal elastic membrane. The innermost 
smooth muscle cells of the tunica media are epithelioid lepithelial
like} and oriented longitudinally. 

Figure 10.23. Glomus, Nose, Pig. The highly convoluted anasto
motic artery, surrounding connective tissue, and nerves forming 
this organized arteriovenous anastomosis can be seen. 

Figure 10.24. Arteriovenous Anastomosis, x.s., Lip, Pig. Longi

tudinolly directed cells of smooth muscle of the tunica media are 
characteristically epithelioid lepithelial-like} in an anostomotic 
artery. These arteries lack an internal elastic membrane and have 
a small lumen. 

Figure 10.25. Aorta ILeft} and Pulmonary Artery IRight), x.s., 
Pig IOrcein}. This preparation was stained with orcein to highlight 
elastic tissue (red-brown). 
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Figure 10.30 x 25 

KEY 

1. Adipose tissue 
2. Cardiac muscle 

6 . Myocardium 
7. Smooth muscle 

3. Collagenous fibers 
4. Elastic fibers 

8. Tunica intima, endothelium 
9. Tunica media 

5. Endocardium 10. Vasa vasorum 

Figure 10.26. Aorta, x.s., Dog IOrcein) . Th is specimen was 
stained with orcein to emphasize elastic ti ssue (red·brown). 

Figure 10.27. Pulmonary Artery, X.s., Sheep. Portion of the tu
nica intima and tunica media. Smooth muscle of the tunica media 
is oriented in various directions. Wavy, pink elastic fibers occur 
among the smooth muscle. 

Figure 10.28. Vena Cava, x.s., Dog. This section was taken from 
a region near the heart. The tunica adventitia consists largely of 
cardiac muscle and adipose tissue. 

Figure 10.29. Right Auricle, Pig IOrcein). The section was stained 
with orcein to show the distribution of elastic fibers (red·brown). 

Figure 10.30. Right Auricle, Pig IMallory's) . This preparation 
shows the distribution of smooth muscle in the endocardium. 
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1. Adipose tissue 
2. Aorta, lumen 
3. Atrium, myocardium 
4. Cardiac skeleton, 

cartilaginous 
5. Cardiac skeleton, fibrous 
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6. 
7. 
8. 
9. 

10. 
11. 

Mesenchyme-like tissue 
Pulmonary artery, lumen 
Tunica adventitia 
Tunica intima, endothelium 
Tunica media 
Valve 

Figure 10.31. Pulmonic ISemilunor! Volve, X.5., Dog. Pulmonic 
va lves ore located in the pulmonary artery near the heart. The sec
tion shows a portion of the fibrous cardiac skeleton. 

Figure 10.32. Pulmonic ISemilunar! Valve, x.s., Dog IMasson's! . 
Portions of two adjacent pulmonic valves are visible. The connec
tive ti ssue of the valves and the tunica media of the pulmonary 
artery blend with the fibrous cardiac skeleton . A cushion of mes
enchyme-like connective ti ssue lies adiacent to the cardiac skele
ton. 

Figure 10.33. Pulmonic ISemilunar! Valve, X.5., Dog. The valve 
consists of a core of dense irregular connective tissue sandwiched 
between two layers of endothelium . 

Figure 10.34. Pulmonic ISemilunar! Valve, x.s., Dog. A portion 
of the atrial wall , pulmonary artery, aorta, and cardiac skeleton 
{cartilaginous and fibrous! are visible. 
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Figure 10.38 

KEY 
1. Adipose tissue 
2. Arteriole 
3. Chondrocy1e 
4. Myocardium, right ventricle 
5. Myofibril, 
6. Nerve 
7. Neuron cell body 
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8. Parenchyma cells 
9. Pericardial cavity 

10. Pericardium, parietal 
11. Pericardium, viscera l 
12. Purkinje cell, 1.5. 
13. Purkinje cell, X.s. 

FiBure 10.35. Cardiac Skeleton, Dog. The cartilaginous portion 
01 the cardiac skeleton of the dog is formed from fibrocart ilage 
contain ing numerous scattered chondrocytes. 

Figure 10.36. Purkinje Cells, x.s. and I.s., Left Ventricle, Gool. 
Myofibrils are limited to the periphery of these la rge, modified 
cardiac muscle cells. 

Figure 10.37. Visceral and Parietal Pericardium, Cat. The peri
cardium consists of a mesothelium (simple squamous epithelium) 
and underlying connective tissue. The mesotheli um of the viscera l 
pericardium (epicardium) covers the surface of the heart. The re
mainder of the pericardial cavity is lined by the mesothel ium of the 
parietal pericardium. 

Figure 10.38. Aortic Body, Pig_ The aortic body is located be
rween the pulmonary artery and aorta. It is a small, encapsulated 
structure con taining blood vessels, nerves, and two types of 
parenchyma cells (see Fig. 10.39). 
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KEY 

l. Adipose tissue 9. Nerve 
2. Arteriole 10. plasma 
3. Artery 1l. Type I cell 
4. Cecum, wall 12. Type II cell 
5. Endothelium 13. Valve 
6. Erythrocytes 14. Vein 
7. lymph 15. Venule 
8 . lymphatic vessel 

Figure 10.39. Aortic Body, Pig. Two types of parenchyma cells 
can be distinguished in the aortic body. The type I (glomus) cell 
has a round nucleus and a granular cytoplasm. The type II (sus· 
tentacular) cell has few or no cytoplasmic granules and an oval 
nucleus. Type I cells usua lly occur in clusters surrounded by Type 
II cells and connective tissue. 

Figure 10.40. Lymphatic Vessel with Valve, Artery, and Vein, 
Cecal Tonsil, Chicken. Lymphatic vessels have a large lumen and 
a relatively thin wal l. Valves may be present . 

Figure 10.41. Lymphatic Vessel with Valve, Lymph Node, Pig. 
The valves of lymphatic vessels consist of a connective tissue core 
surrounded on each side by an endothelium. 

Figure 10.42. Large Lymphatic Vessel, Submucosa, Cecum, 
Horse. The wall of the lymphatic vessel consists of an endothelium 
surrounded by a small amount of connective tissue. The latter 
blends with the connective tissue of the submucosa. 

• 
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ymphatic tissue consists predominantly of lymphocytes. These and a variable num
ber of plasma cells, macrophages, and other cells occur among a framework of retic

........ ular cells and fibers. In H&E prepa rations lymphatic tissue appears purple because 
of the presence of numerous small lymphocytes, each with a basophilic nucleus and little 
cytoplasm. 

MAMMALS 
Diffuse lymphatic tissue is characterized by a moderate concentration of scattered Iym· 
phocytes. A round, oval, or irregularly circumscribed aggregation of mostly small, densely 
packed lymphocytes is called a lymphatic nodule. A nodule may contain a central pale 
area, the germinal center. Beca use the majority of cells of the germinal center afe larger 
lymphocytes with more cytoplasm and lightly staining nuclei, tnis region appears pale in 
contrast to the dense corona (marginal zone, peripheral zone) of small lymphocytes. Dif
fuse lymphatic tissue and lymphatic nodules are components of most lymphatic organs. 
They also appear in the connective tissue of the digestive, respiratory, urinary, and re
productive organs, among other locations. 

Aggregations of lymphatic nodules form Peyer's patches in the lamina propria and 
su bmucosa of the small intestine, particularly the ileum. 

Tonsils are collections of lymphatic nodules and diffuse lymphatic tissue. They occur 
in the connective tissue below the epithelium in specific regions of the tongue, pharynx, 
and larynx. 

Follicular tonsi ls are characterized by deep invaginations of the surface epithelium 
called crypts. A crypt together with its associated lymphatic tissue is a tonsillar follicle. 
Collectively, several foll icles form the tonsil. Examples of tonsils with crypts include the 
following: lingual tonsils of the horse, pig, and cow; tubal tonsils of the pig; paraepiglot
tic tonsils of the pig, sheep, and goat; palatine tonsils of the horse, pig, and ruminant. In 
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the palatine tonsils of ruminants the crypts lead into a com
mon sinus, which then opens onto rhe surface. 

Tonsils without crypts have a smooth, somewhat 
folded, or bulging surface, but lack deep invaginations of 
the epithelium. Examples of these are the tubal tonsils or 
ruminants, the paraepiglottic tonsil of the cat, and the pala
tine tonsils of carnivores. 

Salivary glands associared wirh tonsils are typically 
mucous glands except those in ca rnivores, where they are 
mixed (mucous and serous combined). 

A lymph node is organized into a cortex and medulla. 
The cortex consists of lymphatic nodules surrounded by 
diffuse lymphatic tissue. Extensions of the latter tissue into 
the med ulla a re called medullary cords. Lymphocytes, 
other leukocytes, macrophages, and plasma cells can be 
found in the medullary cords. 

A capsule of connective tissue, w ith some smooth mus
cle and elastic fi bers, covers the lymph node. Parts of the 
capsule extend inward as trabeculae. Afferent lymphatic 
vessels penetrate the capsule to join the subcapsular sinus. 
Cortical sinuses connect the subcapsular sinus to medullary 
sinuses. The latter lead to efferent lymphatic vessels at the 
hilus. The various sinuses are less cellular than the 
parenchyma and appear pale by comparison. They a re 
lined by a discontinuous endothelium and are spanned by 
a webwork of cytoplasmic processes of reticular cells. They 
conta in some free cells such as lymphocytes and 
macrophages. 

Blood vessels enter and leave the node mosrly from the 
region of the hilus. Unique blood vessels ca lled postcapil
lary venules are fo und in the deep cortex. They are lined by 
elongated cells that appear cuboidal when cut in cross sec
tion. Lymphocytes migrate between these cells. 

The amount or arrangement of cortical and medullary 
tissue can vary from that of the "typical " lymph node. The 
lymph node of the pig, for example, is characteristically 
atypical with the location of the cortical and medullary tis
sue, as well as the fl ow of lymph, being reversed. 

Hemal nodes occur a long blood vessels of ruminants. 
They are characterized by blood-filled sinuses between cel
lular cords. Connective tissue and some smooth muscle 
form the capsule and trabeculae (which are sparse) . Hemal 
nodes lack lymphatic vessels . Hemolymph nodes, in con
trast to hemal nodes, possess lymphatic vessels. Their si
nuses receive a mixture of blood and lymph. 

The spleen has a capsule that is rich in smooth muscle 
and elastic fibers. [n horses and cows two or three layers of 
muscle are oriented perpendicular to each other, whi le in 
carnivores, pigs, sheep, and goats the muscle fibers are in
terwoven. The capsule is th ickest in rhe horse and cow and 
thinnest in carnivores. Trabeculae project into the interior 
of the spleen from the capsule. They tend to be especially 
large in cows and sheep. 

The parenchyma of the spleen is divisible into the 
white and red pulp. Dense accumulations of lymphocytes, 
arranged around central arteries, form the periarterial lym
phatic sheaths (PALS). These, along with lymphatic nod
ules, comprise the white pulp. White pulp appears purple 
in H&E preparations beca use of the high concentration of 
numerous small lymphocytes. Red pulp, because of the 
large numbers of erythrocytes it contains in its reticular 
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meshwork and blood vessels, is sta ined red in H&E 
. 

preparatIOns. 
The splenic artery enters the hilus of the spleen and 

branches into trabecular arteries. W hen these enter the 
parenchyma of the spleen and become surrounded by white 
pulp, they are ca lled central arreries (not necessarily located 
in the center of the PALS). On leaving the white pulp, the 
central artery branches into a group of pulp arteries. These, 
in turn, branch into two or three arterioles, which termi
nate in two or more capillaries. Commonly, the pulp arter
ies and their branches are called a penicillus because, col
lectively, they resemble the bristles of an artist's brush. A 
portion of the capillaries of the penicillus becomes sur
rounded by concentric layers of macrophages contained in 
a reticular fra mework. These cellular and fibrous thicken
ings are ca lled ellipsoids (pericapill ary macrophage 
sheaths) . The term sheathed capillary is used by some au
thors for the combined unit consisting of the capillary and 
the ellipsoid. Ellipso ids are especially abundant in the 
marginal zone, the region between the red and white pulp. 
T hey are very large and numerous in pigs. The capiLlaries 
of the elLipsoids continue as terminal arterial capillar ies . 
Arterial capillaries may join venous sinuses or pulp veins 
(closed circulation), or they may empty directly into the 
spaces of the reticular meshwork of the red pulp (open cir
cu lation). 

The spleen of the dog is a sinusal spleen. The red pulp 
contains typical venous (splen ic, vascu lar) sinuses. These 
are wide channels lined by elongated, longitudinally ori
ented endothel ial cells. The spleens of the cat, horse, pig, 
and ruminant are classified as nonsinusal, having poorly 
developed or no sinuses. Wisps of smooth muscle in the red 
pulp are most numerous in pigs and ruminants. 

The thymus gland is covered by a thin capsule of con
nective tissue that projects inward as septa, partia lly divid
ing the organ into lobules. The parenchyma of each lobule 
is organized into a cortex of mostly sma ll, densely packed 
lymphocytes and a medulla with fewer and larger lympho
cytes. The medulla is continuous between lobules. The thy
mus lacks lymphatic nod ules and is supported by a unique 
cytoreticulum of stellate, epithelial reticular cells and only 
a few reticular fibers. 

Hassall's (thymic) corpuscles occur in the medulla of 
each lobu le. They are concentr ic whorls of acidophilic and 
flattened reticu lar cells that may become swollen, kera
tinized, and calcified centrally. They are fo und exclusively 
in the thymus gland. 

As an an imal ages, much o f the thymus becomes re
placed by adipose tissue. 

CHICKEN 

Lymph nodes do not occur in the chicken . However, dif
fuse lymphatic tissue and lymphatic nod ules are 
widespread. 

The spleeo of the chicken is covered by a muscular cap
sule, but trabeculae are absent. Areas of red and white pulp 
are less distinct than in the manunalian spleen. White pulp 
is diffusely scattered throughout the spleen and is com-



posed primarily of small lymphocytes. It contains sheathed 
arteries and, occasionally, lymphatic nodules. Red pulp is 
formed from venous sinuses and anastomosing cords of 
teticular cells, macrophages, lymphocytes, and red blood 
cells. 

As in mammals, the thymus is arranged into incom
pletely separated lobules of cortical and medullary tissue. 
Typical Hassall's corpuscles, similar to those fo und in 
mammals, are seen infrequently. Instead, diffuse forms of 
Hassall's corpuscles, ca lled reticu1ar structures, are abun
dant in the medulla . These are pale, irregular masses of 
reticular cells with ves icles that contain acidophilic mate-

rial and degenerating cells. Myoid cells, characterized by a 
fibrou s cyroplasm, also occur in the medulla . 

The bursa of Fabricius is a sacl ike dorsal diverticulum 
of the proctodeum that is unique ro birds. It is character
ized by tall, thick mucosal folds (plicae) filled with numer
ous polyhedral follicles . Each follicle, composed of lym
phatic tissue, is divided into a cortex and medulla. A layer 
of undifferentiated epithelial ceUs occupies the periphery of 
the medulla, which is separated from the cortex by a capil
lary layer. The bursa is lined by a pseudostratified colum
nar epitheliwn, except at the apex of each follicle, which is 
covered by an epithelial tuft of simple columnar cells. 
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Figure 11.1 x 25 

Figure 11.2 x 12.5 

Figure 11.3 x 250 

Figure 11.4 x 250 
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Figure 11.5 

1. Corona 
2. Diffuse lymphatic tissue 
3. Germinal center 
4. Lymphatic nodule 
5. Lymphocyfe, large 
6. Lymphocyte, small 
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7. Mucosa 
8. Muscularis externa 
9. Reticular cell 

10. Submucosa 
II. Villus 

Figure 11.1. Lymphatic Nodules and Diffuse Lymphatic Tissue, 
Pyloric Stomach, Cat. Dense aggregations of lymphocytes form 
lymphatic nodules in the lamina propria. 

Figure 11.2. Lymphatic Nodules and Diffuse Lymphatic Tissue, 
Colon, x.s., Pig. The mucosa and submucosa contain diffuse lym
phatic tissue and large lymphatic nodules with germinal centers. 
Lxmphatic nodules are especially numerous in the digestive tract 
of the pig. 

Figure 11,3. Lymphatic Nodule, Colon, Pig. Cells of the germinal 
center and corona. Many small lymphocytes occur in the periph
eral corona; fewer and larger cells are seen in the germinal cen
ter. 

Figure 11.4. Lymphatic Nodule, Colon, Pig. Detail of cells of the 
germinal center and corona. Small lymphocytes are charocterized 
by a heterochromatic nucleus and scant cytoplasm. 

Figure 11.5. Peyer's Patch, Ileum, x.s., Cat. A Peyer's patch is on 
aggregation of Iymrhatic nodules in the lamina propria and sub
mucosa of the smal intestine. 
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KEY 
1. Diffuse lymphatic tissue 10. Skeletal muscle 
2. Epiglottis 11. Stratj~ed squamous epithelium, 
3. Fossa semilunar fold 
4. lymphatic nodule 12. Stratified squamous epithelium, 
5. Mucous acinus tonsil 
6. Muscularis exlerna 13. Submucosa 
7. Salivary glands 14. Vestibular fold 
8. Serous acinus 15. villus 
9 . Serous demilune 

Figure 11.6. Peyer's Patch, Ileum, x.s., Dog. Eight lymphatic 
nodules of a portion of a Peyer's patch are visible in this section . 

Figure 11.7. Paraepiglattic Tonsil, Larynx, 1.5., Cat. In the cat an 
accumulation of lymphatic tissue in the lateral wall of the larynx, 
between the epiglaHis and the vestibular fold , forms a tonsil with· 
out crypts. 

Figure 11.8. Palatine Tonsil, Dog. In the dog the entire tonsil lies 
within a fossa (0 small hollow) ano is covered in part by a semilu
nar fold. The palatine tonsils of carnivores lack crypts. 

Figure 11.9. Palatine Tonsil, Dog. A portion of a tonsil and 
semilunar fold. 

Figure 11.10. Palatine Tonsil, Dog. Mixed salivary glands are 
associated with the wall of the tonsi ls in carnivores. In other 
species only mucous glands are present. 
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KEY 
, . Capsule 
2. Cortical sinus 
3. Crypt 
4. Deep cortex 
5. Diffuse lymphatic tissue 
6. leukocyte inRltralion 
7 . lymphatic nodule 

8. Medullary card 
9. Medullary sinus 

10. Salivary glands, mucous 
11 . Stratified squamous epithelium 
12. Subcapsular sinus 
13. Trabecula 

Figure 11.11. Palatine Tonsil, Horse. The palatine tonsils of non
carnivores have crypts Isurface invaginations lined by stratified 
squamous epithelium) . 

Figure 11.12. Palatine Tonsil, Horse. Note that the continuity of 
each crypt wi th the surface is not a lways evident. 

Figure 11.13. Palatine Tonsil , Horse. Lymphocytes and other 
leukocytes have infiltrated and partly obliterated the epithelial lin
ing of this crypt. 

Figure 11.14. Lymph Nade, Cow. The lymph nade is surrounded 
by a capsule. Trabeculae project inward tram the capsule. The 
cortex contains sinuses , diHuse lymphatic tissue, and lymphatic 
nodules. The medu lla is composed of medullary cords and sinuses. 

Figure 11.15. Lymph Nade, Dog. 
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Figure 11.19 x 12.5 

Figure 11.20 x 12.5 
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1. Capsule 
2. Cartilage plate, bronchus 
3. Cortex, lymph node 
4. Cortical tissue 
5. Diffuse lymphatic tissue 

6. Lymphatic nodule 
7. Medulla, lymph node 
8. Medullary card 
9. Medullary sinus 

10. Primary bronchus, lumen 

Figure 11.16, Tracheobronchial Lymph Node, Dog. This lymph 
node is adjacent to the wall of a primary bronchus near the tra
cheal bifurcation. 

Figure 11.17. Lymph Node, Horse. The arrangement of cortical 
and medullary tissues may be atypical in some of the lymph nodes 
of mammals. In the example shown the distribution of cortical and 
medullary components is the reverse of that commonly expected. 

Figure 11.18. Lymph Node, Horse. Not only is the arrangement 
of cortical and medullary components reversed in this section, but 
the proportion of the medullary tissue is much greater than usual. 

Figure 11,19. Lymph Node, Pig. The lymph nodes of pigs con
sistently show an atypical pattern . In th is section cortical tissue is 
predominantly central , while medullary tissue occurs both superfi
cia lly and interna lly. 

Figure 11.20. Lymph Node, Cow. The lymph node of the cow is 
oken characterized by the presence of large lymphatic nodules. 
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Figure 11 .25 x 125 

KEY 

1. Capsule 
2. Cortical sinus 

5. Reticular fiber 
6. Smooth muscle 

3. Diffuse lymphatic tissue 
4. Lymphatic nodule 

7. Subcapsular sinus 
8. Trabecula 

Figure 11.21 . Cortex, Lymph Node, Horse. The subcapsular si· 
nus below the capsule continues as cortical sinuses tha t parallel the 
trabeculae through the cortex. 

Figure 11 .22. Cortex, Lymph Node, Cow (Masson' s) . The inner 
portion of the capsule contains smooth muscle (pink). 

Figure 11.23. Cortex, Lymph Node, Cow. The trabecula contains 
smooth muscle. 

Figure 11 .24. Cortex, Lymph Node, Cow (Silver). A network of 
fine, branching reticular fibers provides a supportive framework 
for the diffuse and nodular lymphatic tissue. 

Figure 11.25. Cortex, Lymph Node, Sheep (Mallory's). Continu
ity of the subcapsular sinus with the cortical sinus is evident. 
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Figure 11 .30 

1. Diffuse lymphatic tissue 
2. Endothelial cell, nucleus 
3. Lymphocyte 
4. Macrophage 
5. Mast cell 
6. Medullary cord 
7. Medullary sinus 
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8. 
9. 

10. 
II. 
I 2. 
13. 

Multinucleate giant cell 
Poslcapillary venule, I.s. 
Poslcapillary venule, x.s. 
Reticular cell 
Smooth muscle 
Trabecula 

x l25 

Figure 11.26. Cortex, Lymph Node, Sheep (Mallory's). Smooth 
muscle cells (pink) among collagenous fibers (blue) at the capsule. 

Figure 11.27. Deep Cortex, Lymph Node, Dog. Postcapillary 
venules, I.s. and x.s. These vessels are lined by elongated cells that 
appear cuboidal in cross section. lymphocytes migrate between 
the endothelial cell s of the postcapillary venules. 

Figure 11.28. Cortex, Lymph Node, Horse. Multinucleate giant 
cells, derived from the coalescence of macrophages, are some" 
times found in lymph nodes. 

Figure 11.29. Medulla , Lymph Node, Cow. In this preparation 
reticular cells, endothelial cells, and macrophages conta in numer
ous pigment granules. 

Figure 11 .30. Medulla, Lymph Node, Sheep. Smooth muscle is 
distributed throughout the medullary sinuses. 
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KEY 

1. Adipose tissue 
2. C,!psule 
3. Diffuse lymphatic tissue 
4. Endothelial cell, nucleus 
5. Eryolm>CyOes 
6. Granulocyte 
7. Lymphatic nodule 

8. lymphocyte 
9. Macrophage with erythrocytes 

10. Meaullmy card 
11 . Medullary sinus 
12. Megakaryocyte 
13. Reticular cell 
14. Subcapsular sinus 

Figure 11.31 . Medulla, Lymph Node, Dog. Cell ular medullary 
cords surround medu llary sinuses that are lined incompletely by 
endothelial cells. A megakaryocyte is present in a medullary cord. 

Figure 11 .32. Medulla, Lymph Node, Dog. Macrophoges con
taining phogocytized erythrocytes ore evident in the medullary si
nuses. 

Figure 11.33. Hemal Node, Sheep. The general organization is 
much li ke that of a lymph node, but the sinuses are filled with 
blood. Lymphatic nodules are scarce, and trabeculae of connec
tive tissue are not apparent . 

Figure 11 .34. Hemal Node, Sheep. The subcapsular (marginoll 
sinus is fil led with blood. Reticular cells of the sinus contain p~ago
cytjzed material. 
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Figure 11 .35 

Figure 11.36 x 12.5 

Figure 11 .37 x 62.5 
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Figure 11.38 x 250 

Figure 11.39 x 62.5 

KEY 

1. Capsule 
2. Central artery 
3. Ellipsoid 
4. Endothelial cell 

7. Mesothelium 
8. Red pulp 
9. Trabecula 

10. Venous sinus 
5. Lymphatic nodule 
6. Marginal zone 

11. White pulp 

Figure 11.35. Spleen, Dog. This drawing is of a small portion of 
the spleen. 

Figure 11.36. Spleen, Dog. The parenchyma of the spleen is or
ganized into red pulp and white pulp (periarterial lymphatic 
sheaths and lymphatic nodules). Trabeculae extend inward from 
the capsule and are seen throughout the red pulp. 

Figure 11.37. Spleen, Dog. Note the smooth muscle in the cap' 
sule and trabeculae. The spleen of the dog is a sinusal spleen, con
taining venous sinuses (see Fig. 11 .38). 

Figure 11.38. Spleen, Dog. Venous sinuses are lined by longitu
dinally oriented, elongated endothelial cells. The nuclei mayor 
may not be apparent in cross sections of such lining cells. Ery
throcytes fill the sinuses and the spaces of the red pulp. 

Figure 11.39. Spleen, Dog. Ellipsoids can be seen in the 
marginal zone between the periarterial lymphatic sheath (white 
pulp) and the red pulp. They are also present in the red pulp. 
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KEY 

I. Capillary lumen 7. Periarterial lymphatic sheath 
2 . Capsule 8. Red pulp 
3. Central Artery 9. Serosa 
4. Elastic fiber I O. Smooth muscle 
5. Ell;pso;d II. Trabecula 
6. Marginal zone 

Figure 11.40. Spleen, Pig (Orcein). The capsule and trabeculae 
are rich in elastic fibers (red·brown). 

Figure 11.41. Spleen, Pig (Mallory's). Ellipsoids are abundant in 
the pig. They are especially numerous in the vicinity of the 
marginal zone of a periarterial lymphatic sheath. See Figure 
11 .44 for details of ellipsoids. 

FiBure 11.42. Capsule, Spleen, Horse. The capsule of the spleen 
of the horse and cow contains layers of smooth muscle oriented at 
right angles to each other, rather than being interwoven as in car
nivores, pigs, sheep, and goats. In this preparation there are three 
distinct layers of muscle. Compare with Figures 11 .37, 11.43, and 
11.45 . 

Figure 11.43. Capsule, Spleen, Cow. The capsule contains two 
thick layers of smooth muscle oriented at right angles to each 
other. 

Figure 11.44. Spleen, Pig. Ellipsoids are especially abundant in 
the spleen of the pig. Each consists of macrophages and reticular 
fibers that surround a capillary. 
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Figure 11.45 

Figure 11.46 
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Figure 11.48 

.- ~ , _.. . .::1 .......... . . ,'.. , . ,. .. '. ' '' ... ... ~ ..... ..... ~ --.~ . "-' -
.-".- !:~--~~ , . ~ . . --- ---

~-~ 

x 62.5 

x 25 

x 125 

x 12.5 

1. Capsule 
2. Cortex 
3. Elastic fiber 
4. Lymphatic vessel 
5. Medulla 
6. Red pulp 
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7. Septum 
8. Serosa 
9. Smooth mu~le 

10. Trabecula 
II . White pulp 

Figure 11.45. Capsule, Spleen, Sheep. In sheep the bulk of the 
capsule contains many interwoven smooth muscle cells. The 
smooth muscle in the capsule of the spleen of carnivores Isee Fig. 
11 .37L pigs, and goats has a similar arrangement. In the horse 
Isee Fig. 11 .42) and cow Isee Fig. 11 .43) the muscle cells are ar
ranged in layers instead. Elastic fibers can be observed as faint 
pink spirals. 

Figure 11.46. Spleen, Sheep. Note the thick trabecula. Charac
teristically, the spleens of cows and sheep have thick trabeculae. 
Compare with Figure 11 .4 1 . 

Figure 11.47. Red Pulp, Spleen, Sheep. Wisps of smooth muscle 
a re scaHered throughout the red pulp. 

Figure 11.48. Thymus, Puppy. A thin capsule of connective tissue 
covers the thymus. Lobules, incompletely divided by connective-tis
sue septa, consist of an outer, dark cortex and an inner, pale 
medulla . The medulla is continuous between adjacent lobules. 
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KEY 
1. Cortex 3. Medulla 
2. Hassoll's corpuscle 

Figure 11.49. Thymus, Puppy. Portion of the medulla and cortex. 
The cortex consists predominantly of small lymphocytes. The lym
phocytes of the medulla are larger and less abundant. The 
medulla contains concentrically arranged , swollen, and kera· 
tinized reticular cells that form Hassall 's corpuscles, which are 
characteristic of the thymus . 
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Figure 11.54 

1. Adipose tissue 
2. Blood vessel 
3. Connective tissue 

Crypt ol lieberkuhn 
Erythrocyte 
Granulocyte 
lymphatic nodule 
Mesothelium 

4. 
5. 
6. 
7. 
B. 

x 360 

KEY 

9. Muscularis externo 
10. Red pulp 
11 . Reticular cell 
12. Sheathed artery, lumen 
13. Smooth muscle of capsule 
14. Thymic ti ssue 
15. Villus 
16. White pulp 

Figure 11.50. Thymus, Cat {aid}. In older animals functional 
thymic tissue is largely supplanted by adipose tissue. 

Fig.ure 11.51. Cecal Tonsil, x.s., Chicken. The accumulation of 
diftuse and nodular lymphatic tissue in the lamina propria and 
submucosa near the opening of each cecum is called the cecal ton
sil. 

Figure 11.52. Spleen, Chicken. Red pulp (pink) intermingles with 
white pulp (purple). The white pulp conta ins a few lymphatic nod
ules. Trabeculae of connective ti ssue are absent. 

Figure 11.53. Capsule, Spleen, Chicken. Layers of smooth mus' 
cle make up a substantial pari of the capsule. 

Figure 11 .54. Spleen, Chicken. Sheathed arleries, x.s. , in white 
pulp. These vessels are lined by plump endothelial cells sur' 
rounded by reticular cells. 
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Figure 11 .59 x 250 

KEY 
1. Bursa of Fabricius, lumen 8. Muscularis 
2. (apmary layer 
3. Cortex 
4. Epithelialtuft 
5. FolHcle 
6. lamina proprio 
7. Medulla 

9. Myoid cell 
10. Pseudostralified epithelium 
11. Reticular structure 
12. Septum 
13. Undifferentiated epithelial cell 
14. Vesicle 

Figure 11.55. Thymus, Chicken. The thymus of the chicken is sim
ilor to thot of mommols. The pole a reas throughout the medullary 
regions of the lobules are ca lled reticular structures Isee Fig. 
1156). 

Figure 11.56. Medulla, Thymus, Chicken. Myoid cells, cut 
obliquely, ore charocterized by a fibrous cytoplosm ond periph
eral nuclei . The pale-staining reticular structure in th is section is 
considered a diffuse form of a Hassa ll's corpuscle. It consists of dif
fuse groups of reticular cells and scattered vesicles. The vesicles 
may conta in eosinophilic material or degenerating cells. 

Figure 11.57. 8ursa of Fabricius, Chicken. Portions of the long 
mucosal folds (plicae) project into the lumen of the bursa. Numer
ous follicles, each composed of a cortex and medul la, fi ll the lam
ina propria of each fold. 

Figure 11.58. Bursa of Fabricius, Chicken. Where the apex of 0 

follicle contacts the epithelium, ta ll , pale columnar cells with api
cal nuclei form an epithelial tuft. Elsewhere, mucosal folds are cov
ered by a pseudostratified columnar epitheli um. 

Figure 11.59. Bursa of Fabricius, Chicken. A portion of a fo ll icle. 
The darkly sta ined cortex is composed mostly of many small lym
phocytes. The paler medulla contains fewer cells of various sizes. 
A layer of undifferentiated epithelia l cell s, which are cuboidal with 
a n acidophilic cytoplasm, occupies the periphery of the medulla. 
A capi llary network separotes the cortex and the medulla . 

• 
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he integument i_ncludes the sk in and its derivatives. Skin consists of an epidermis 
and dermis joined to underlying structures such as muscle and bone by rhe subcuris 
(subcutaneous tissue). Sweat, sebaceous, and mammary gla nds, as well as hair and 

feather follicles, are epidermal structures that are located in the dermls and subcutis. The 
highly keratinized claws and hooves of mammals and the beak, claws, and sca les of fowl 
are also skin derivatives. 

MAMMALS 
The epidermis of thick skin is a keratinized, stratified, squamous epithelium. The stra£um 
bas ale is a single layer of cuboida l to columnar cells that lies on a basemenr membrane 
ad jacent to the dermis. These cells give rise to the stratum spinosum, a layer of varia ble 
thickness, whose polygonal cells become squa mous toward the surface. Cells of the stra
tum granulosum conta in basophilic keratohya lin granules in their cytoplasm. The stra
tum lucidum is a thin, pale, eosinophilic, translucent layer. It is limited to regions where 
the epidermis is very thick such as the digital pads of carnivores. In structures composed 
of hard kerarin (rarher than soft keratin ) such as hooves and claws, both the stratum gra n
ulosllm and stratum lucidum are absent. The most superficial layer of skin, the stratum 
corneum, is composed of dead, keratinized squamous cells that slough from the surface. 
Cell division within the stratum basale and stratum spinosum allows continued growth 
of the epidermis. 

The epidermis of thin skin is composed of relatively few ceUs, but the number varies 
with the location. Thin skin lacks a stratum lucidum, and a stratum granulosum is not al
ways evident. 

The dermis consists of loose and dense irregular connective tissue containing blood 
vessels, lymphatic vessels, and nerves. In thick skin the superficial, loose connective tissue 
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of the dermis, the papillary layer, forms projections ca lled 
dermal papillae that interdigitate wi th the epidermis and 
serve to anchor the two layers. The deep layer of dense ir
regular connective tissue of thick skin is called the reticular 
layer. 

In thin skin dermal papillae are either reduced or ab
sent. Therefore, when both loose and dense irregular con
nective-tissue layers can be distinguished in the dermis of 
thin sk in, they are best referred to as the superficial and 
deep layers, respectively. 

Hairs are associated with regions of the body covered 
by thin skin. They arise from germinal (matrix) cells of the 
hair bulb at the base of the follicle . Multiplication of germi
nal ce lls results in growth of the hair. Near its origin, a hair 
consists of a central medulla of cuboida l cells, a cortex of 
flattened cells oriented parallel to the long axis of the hair, 
and an outer cuticle consisting of scalelike cells that partially 
overla p so their free edges are directed upward toward the 
surface of the skin. As the cells of the hair are pushed ro
ward the surface from the region of the hajr bulb, they be
come keratinized. Within the hair the medulla may become 
reduced distally, and it is absent entirely in wool hairs. 

Hair follicles are set obliquely in the dermis or sub
cutis, a lthough in sheep they tend ro be vertical. A vascular 
dermal papilla projects into the hair bulb. Melanocytes, lo
cated close to the dermal papilla among matrix cells, have 
cytoplasmic processes that provide pigment to the hair 
cells. The germinal cells of the matrix, in addition to form
ing new hair cells, give rise to rhe inner rQot sheath of the 
fo llicle. The cuticle of the inner root sheath is composed of 
overlapping, sca lelike cells simi lar to those of the cuticle of 
the hair, but their free edges are directed downward, so that 
the hair and inner-root sheath interlock . The inner root 
sheath becomes keratinized and tapers dista lly, ending 
close to the open ing of sebaceous glands into the follicle. 
The peripheral external root sheath represents a downward 
cont inuation of the epidermis. A connective tissue (dermal) 
sheath surrounds the follicle and abuts the basement 
(glassy) membrane of the external root sheath. It blends 
with the rest of the dermal connective tissue. An arrector 
pili muscle (smooth muscle) inserts on the connective tissue 
sheath of the follicle and originates from the superficial 
layer ·of the dermis. 

Single (simple) hair follicles are evenly distributed in 
the skin of horses and ruminants and occur in groups of 
three in pigs. In carnivores most of the fo llicles are com
pound follicles . Each compound follicle is formed from a 
single primary follicle and severa l secondary follicles . The 
follicles unite at the level of the openings of the sebaceous 
glands, forming a common fo llicle, which extends from the 
point of union to the skin surface. The hairs that are pro
duced exit as a group to the surface through the common 
foll icular opening. Sinus (tactile) hairs are limited to the 
face region. They a re produced by large follicles that are 
well innervated and that contain blood-filled sinuses within 
theif connective-tissue sheaths. In horses, pigs, and rumi
nants the sinus is trabeculated throughout its length. In car
nivores the upper region is non trabeculated, forming an an
nular sinus. 

The short ducts of sebaceous glands usually empty into 
hair follicles, although they may also empty directly onto 
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the skin surface. Basal (stem) cells of sebaceous glands di
vide and give rise to vacuolated secretory cells that synthe
size lipid. The innermost, mature secretory cells die and 
break apart, forming an o ily product called sebum. This 
form of product release is ca lled holocrine secretion . 

Sweat glands may be wi nding (serpentine) or highly 
coi led and may be either tubular or saclike. They empty 
their secretion through a duct, either into a ha ir follicle or 
onto the sk in surface. The epithel ium of the secretory por
tion of the gland varies from flattened to columnar. Con
tractile myoepithelial ceUs surround the secretory cells and 
the initial portion of their ducts. 

Traditionally, sweat glands have been classified as ei
ther merocrine (secretory product released by exocytosis) 
or apocrine (secretory prod uct released when small pieces 
of cytoplasm containing the product are pinched off the 
free surface of the cell). Recent evidence, however, has sug
gested that this may not be true and that a ll sweat glands 
may use the merocrine form of release. We have chosen to 

use the traditional nomenclature until the matter is re
solved . 

Special regions in the skin of various species have nu
merous, well-developed glands. The carpal glands of pigs 
consist of masses of merocrine sweat glands. Numerous 
apocrine sweat glands characterize the mental organ of pigs 
and the interdigital and inguina l pouches of sheep. The 
submental organ of cats, the supracaudal gland of carni
vores, the infraorbital pouch of sheep, and the scent (horn) 
glands of goats contain many large sebaceous glands. 

T he skin of the nose of horses is thin with fine hairs, se
baceous and sweat glands, and occasiona l sinus ha irs. The 
planum of the nose of the other domestic mammals is cov
ered by a thick, highly keratinized epidermis. The pla num 
nasale of carnivores is devoid of glands and hairs. In cats the 
epidermis forms numerous small bumps, while that of the 
dog is rather flat with surface grooves. The planum rostra le 
of the pig contains numerous merocrine sweat glands and 
sparse hai rs. The planum nasolabiale of the cow and the 
planum nasa le of sheep and goats are hairless and contain 
compound acinar glands that produce a serous secretion. 

Digital pads of cats and dogs are covered by a very 
thick epidermis that is smooth in the dog and roughened by 
conica l papillae in the cat. Coiled merocrine sweat glands 
occur in the dermis and the digital cushion of the pads. 

Lobules of mammary glands are situated in the subcutis 
and consist of tubuloacinar glands and intralobular ducts. 
When a mammary gland is active, secretory tissue is promi
nent, and intralobular and interlobular connective tissue is 
reduced. When a gland is inactive, only the duct system is 
evident. Cellular thickenings at the termination of intra lob· 
ular ducts represent gland remnants or gland precursors in 
the inactive gland . Interlobu lar ducts, with a bistratified 
cuboidal to columnar lining, drain the lobules and lead to 
the lactiferous ducts and lactifero us sinuses at the base of 
the teat. The reat sinus, with a bistratified col umnar to 
cuboida l lining, leads to the teat ca nal that opens OntO the 
tip of the teat. The teat ca nal is lined by a stratified squa
mous epithelium that is continuous wirh the skin. Single teat 
sinuses and cana ls pass through the teats of ruminants, 
while the teats of carnivores, horses, and pigs contain mul
tiple teat sinuses and canals, each opening separately onto 



the surface. The skin surface of the teat of cows and pigs 
lacks sebaceous glands, sweat glands, and hairs. 

Chestnuts and ergots are ep idermal thickenings char
acteristic of the horse. The claws o f carnivores, hooves of 
ungulates, and horns of ruminants are highly specialized 
derivatives of the skin composed of hard keratin. 

CHICKEN 
The epidermis of the chicken is generally thinner than that 
of mammals. It is composed o f an inner stratum germina
tivum and an outer stratum corneum. The stratum germi
na ri vum includes a basal layer, an intermediate layer of one 
to severa l layers of polygonal cells, and a thin transitional 
layer of fla t vacuola ted cells just below the stratum 
corneum. 

T he dermis of feath ered ski n lacks papillae and is 
nongla ndular. M url ilocul ar, as we ll as unil ocul ar, 
adipocytes occur in the subcutis. 

The epiderma ll y derived feathers may be classified into 
three main types in rhe adult chicken: conrour, do wn, and 
filoplume. A contour feather has a central shaft that is di
visible into a hollow calamus (quill ) and a rachis. A vane 
extends latera lly from each side of the rachis and is com
posed of barbs and barbules wi th interlocking hooklets. 
Down feathers a re soft and fluffy. Their barbules lack 
hooklets. Filoplumes are sma ll , hairlike feathers. 

Feathers a re situ ated in tubeli ke follicles oriented 
obliquely in the dermis or subcutis. The follicle wall of a de-

• 

vela ping feather is lined by a stratum corneum and under
lying stratum germinati vum surrounded by a layer of con
nective tissue. The epidermal collar, a thick ting of epider
mal cells at the base of the follicle, gives rise to the feather. 
It sur rounds the dermal (feather) papilla, which gives rise 
to a well-vascularized, mesenchyme-like feather pulp that is 
ptesent during growth of the feather. A network of feather 
muscles, each composed of one ro several bundles of 
smooth muscle, attaches the foll icles to each other. No 
muscles are associated with the follicles of filoplumes. 

Wattles and combs are appendages of the skin whose 
dermis contains an extensive, superficial network of sinus 
capillaries and abundant mucous connective tissue. The si
nus capillaries a re responsible for the striking red color of 
the appendages. 

Digital pads are covered by a thick stratum corneum 
and contain a cushion of adipose tissue in their subcutis. 
Scales, claws, and beaks are keratinized derivatives of the 
skin. 

The uropygial (preen ) gland is a bilobed ho locrine 
gland located in the dorsa l base of the tail. It produces an 
oily secretion. Simple tubular glands radiate outward from 
the lumen of each lobe like the bristles of a bottle brush. 
Each tubule is divided into a sebaceous zone and a glyco
gen zone, named according to their histochemical staining 
properties. The glycogen zone is continuous with the lumen 
of the lobe. Each lobe is drained by a primary duct that 
passes through the isthmus to the papilla (nipple) to open 
onto the surface. 
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I. Dermal papilla 
2. Dermis 
3. Epidermal peg 
4. Epithelium, hairy skin 
5. Epithelium, planum 
6. Hair foll icle 
7. Stratum basale 
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8. 
9. 

10. 
II. 
12. 
13. 
14. 

Stratum corneum 
Stratum granulosum 
Stratum lucidum 
Stratum spinosum 
Subcutis 
Surface groove 
Sweat gland 

figure 12.1. Planum Nasale and Hairy Skin, Nose, Dog. Junc
tion of the hairless planum nasa Ie Ithick skin) and the hairy par· 
tio n (thin ski n) of the nose. No glands are associated wi th the 
planum of carnivores. There are surface grooves in the planum of 
the dog. 

figure 12.2. Planum Nasale and Hairy Skin, Nose, Cat. No 
hairs or g lands are associated with the planum of carnivores. The 
surface of the planum bears numerous small ra ised tubercles that 
are characteristic of the cat. 

figure 12.3. Epithelium, Planum Nasale, Cat. Portions of the 
sma ll tubercles typical of the cot's planum. All layers of the epi
dermis are evident. N ote how the papi llae of the dermis interdig
itate with the epidermal pegs. 
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KEY 

1. Dermis 
2. Epidermis 
3. Hair follicle 

6. Sebaceous gland 
7. Sinus hair fOllicle 
8. Stratum basale 

4. Intercellular bridges 
5. Melanocyte 

9. Stratum spinosum 
10. Sweat gland 

Figure 12.4. Nose, Horse. Numerous small sebaceous glands, 
sweat glands, fine hairs, and the follicle of a sinus hair are evident. 
The epidermis is heavily pigmented. 

Figure 12.5. Nose, Horse. A melanocyte with numerous pigment 
granules is located in the deep portion of the epidermis. Sur· 
rounding cells have phagocytized melanin granules produced by 
melanocytes. The granules are aggregated li ke a cap just above 
the nucleus of some of the cells ot the stratum spinosum. 
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1. Dermal papilla 
2. Dermis 

7. Nasolabial gland 
8. Stratum basale 

3. Duct 9. Stratum corneum 
4. Epidermis 
5. Merocrine sweat gland 
6. Myoepithelial cell, nucleus 

10. Stratum spinasum 
11 . Surface groove 

Figure 12.6. Planum Rostrale, Pig. The very thick epidermis of 
the snout of the pig has low, wide elevations and an especially 
thick stratum corneum. long dermal papillae project into the epi
dermis. Numerous merocrine sweat glands occur in the subcutis. 
Hairs, which are sparse on the planum of the pig, are not shown . 

Figure 12.7. Planum Rostrale, Pig. Detail of the merocrine sweat 
glands. Secretory cells are either columnar or cuboidal and are 
surrounded by myoepithelial cells. 

Figure 12.8. Planum Nasolabiale, Cow. The surface of the 
planum of the cow is hai rless and marked by grooves. Long der
mal papillae project into the thick epidermis. Glands are abundant 
in the subcutis of the planum of ruminants. 

Figure 12.9. Planum Nasolabiale, Cow. The tissue was cut par
allel to the surface of the planum, so that cross sections of dermal 
papillae appear in the stratum spinosum. Each papi lla is sur
rounded by cells of the stratum basale and each contains several 
blood vessels. 
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KEY 
1. Dermis, papillary layer 
2. Dermis, reticular layer 
3. Digital cushion 
4. Duct of sweat gland 
5. Intercellular bridges 
6. Intralobular duct 

7. Keratinocyte nucleus 
8. Merocrine sweat gland 
9. Pacinian corpuscle 

10. Secretory acinus 
11. Skeletal muscle 

Figure 12.10. Planum Nasolabiale, Cow. During tissue process
ing the keratinocytes of the stratum spinosum shrink away from 
each other, but remain attached at multiple sites where desmo
somes are located. As a result of this artifact, there appear to be 
cytoplasmic connections between adjacent cells. Some early 
workers called these "intercellular bridges," because they were 
thought to represent cytoplasmic connections between cells. Oth
ers thought the artifacts resembled spines, hence the nome stratum 

• spmosum. 

Figure 12.11. Planum Nasolobiale, Cow. The planum of the 
cow, sheep, and goat contains many tubuloacinar serous glands. 
Branches of an intralobular duct can be seen entering secretory 

Figure 12.12. Digital Pad, Dog. The digital pad is hairless and 
covered by a very thick epidermis that is roughened by small con
ical projections in the dog. Compare with Figure 1 2.14. 

Figure 12.13. Digital Pad, Dog. Coiled merocrine sweat glands 
and pacinian corpuscles among skeletal muscle and loose con
nective tissue of the digital pad . 
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KEY 

1. Dermis, papillary layer 
2. Dermis, reticular layer 
3. Digital cushion 
4. Duct of sweat gland 
5. Epidermis 

6. Stratum basale 
7. Stratum corneum 
8. Stratum granulosum 
9. Stratum lucidum 

10. Stratum spinosum 

Figure 12.14. Digital Pad, Cat. The surface of the digital pad of 
the cot is smooth, lacking the conical papillae that are typical of 
the dog (see Fig. 12.12). Portions of the excretory ducts of sweat 
glands spiral through the stratified squamous epithelium. 

Figure 12.15. Digital Pad, Cat. Deta il of the epidermis and der
mis shown in Figure 12. 14. All five layers of the epidermis are ev
ident. 
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KEY 

1. Dermis 4. Stratum corneum 
2. Hair, x.s. 
3. Stratum basale 

5. Stratum granulosum 
6. Stratum spinosum 

Figure 12.16. Skin, Mid·Ventral Abdomen, Dog. The epidermis 
is thin and consists of four layers. Note that only a few layers of 
cells compri se the stratum spinosum. The stratum corneum is also 
relatively thin, and the keratin ized cells have loosened a nd sepa
rated from the surface. 
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1. Arrector pili muscle 
2. Common follicular opening 
3. Dermis, deep 
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5. Epidermis 
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8. Sebaceous gland 
9. Skeletal muscle 

10. Stratum bosole 
1 1. Stratum corneum 
12. Stratum spinosum cell, 

nucleus 
13. Subcutis 
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Figure 12.17. Skin, Back, Cat. Two compound follicles in the der· 
mis. In carnivores the hairs of compound follicles merge at the 
level of the sebaceous glands and share a common tollicular 
opening to the surface. Bits of hairs are evident in the follicles as 
shiny, yellow-brown structures. The arrector pill muscles of the skin 
of the back are especia lly well developed in cats and dogs. A 
space artifact separates the subcuti s from the underlying skeletal 
muscle. 

Figure 12.18. Skin, Caudal Abdomen, Cat. The epidermis is ex' 
tremely thin. Cells of the stratum spinosum are sparse, and those 
of the stratum granulosum are vis ible only as occasional dark 
granular areas just beneath the stratum corneum. Hairs are visible 
within the compound fo llicles. 

Figure 12.19. Skin, Back, Cat (Masson's). Portions of an arrector 
pill muscle, sebaceous gland, and a hair within a follicle. 
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Figure 12.20. Skin, Neck, Horse. Simple hair follicles occur in the 
skin of noncarnivores. 
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KEY 
1. Connective tissue sheath 7. Inner root sheath 
2. Cortex, hoir 8. Medulla, hair 
3. Cuticle, hoir 9. Outer root sheath 
4. Cuticle, inner root sheath 
5. Dermal popilla 

10. Pyknotic nucleus 
11. Sweat gland 

6. Dermis 

Figure 12.21. Skin, Neck, Horse. Mid-region of a longitudinal 
section of a hair follicle . Lorge, c1eor cells of the medulla of the hair 
have round nuclei that become pyknotic as they progress distally 
from the hair bulb. The pigment-laden cortex of the hair is formed 
from closely packed elongated cells that have become keratinized . 
Scalelike, keratinized cells of the cuticle of the hair partially over' 
lap so that their free edges point upward. They interlock with cells 
ot the cuticle of the inner root sheath , whose free edges are di
rected downward. 

Figure 12.22. Skin, Neck, Horse. A dermal papilla prajects into 
the hair bulb at the base of the follicle. Cells of the cortex of the 
hair ore nearly obscured by pigment granules provided by 
melanocytes of the bulb. 
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KEY 

1. Adipose tissue 
2. Collagenous fiber 
3. Dartos muscle 
4. Dermis 

9. Hoir 
10. Hair bulb 
11. Sebaceous gland 
12. Stratum bosole 

5. Dermis, deep layer 
6. Dermis, superficial layer 
7. Elmtic fiber 
8. Epidermis 

13. Stratum corneum 
14. Stratum gronulosum 
15. Stratum spinosum 
16. Sweat gland 

Figure 12.23. Skin, Dorsal Neck, Pig. Note the extremely thick 
dermis. Sweat glands and adipose tissue are seen in the subcutis. 

Figure 12.24. Skin, Dorsal Neck, Pig. The epidermis and part of 
the dermis are shown in detail. 

Figure 12.25. Skin, Dorsal Neck, Pig (Orcein). The dermis of the 
skin contains numerous branching elastic fibers. The fibers of the 
superficial layer are fine, while those of the deep layer are coarse. 

Figure 12.26. Skin, Back, Sheep. Various f?Ortions of numerous 
hair follicles are embedded in the thick superficial layer of the der
mis. The hair follicles of sheep tend to be arranged vertically, 
rather than diagonally, in the dermis. Compare with Figures 
12.17 and 12.20. 

Figure 12.27. Scrotum, Goat. The epidermis of the scrotum is re· 
markably thin. Portions of two, simple, hair follicles are located in 
the dermis. Bundles of smooth muscle among fibroelastic tissue in 
the dermis comprise the tunica dartos. 
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Figure 12.32 

1. Adipose tissue 
2. Blood vessel 
3. Capillary 
4. Connective tissue sheath 
5. Cortex, hair 
6. Dermis, superficial layer 
7. Duct of sweat gland 
8. Elastic cartilage 
9. Epidermis 

10. Epidermis, inner surface 
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11. Epidermis, outer surface 
12. Hair follicle 
13. Inner root sheath 
14. Medulla, hair 
15. Outer root sheath 
16. Primary hair 
17. Sebaceous glond 
18. Smooth muscle 
19. Venule 

FiBure 12.28. Scrotum, Goot. The thin epidermis and a portion 
ot a hair follicle are shown in deta il. 

Figure 12.29. Pinna (Auricle), External Ear, Dog. A plate of elos· 
tic cartilage is covered by the skin of the outer (convex) and inner 
(concave) surfaces of the pinna. Hair follicles are more numerous 
in the skin of the outer surface. 

Figure 12.30. Pinna, External Ear, Dog. Clusters of compound 
hair fo llicles cut in cross section vary in appearance at d ifferent 
levels of the dermis. The cells of the cortex ond medulla of the hairs 
are evident in the deepest portions of the foll icles. More superfi
cia lly, the cells become keratinized and appear shiny pink 
Imedulla} and yellow lcortex}. Several hairs have merged to shore 
a common follicle wall near the epidermis. 

Figure'12.31 . Pinna, External Ear, Dog. Detail of fo llicles, shown 
in cross section, from the deep region of the dermis, similar to 
those in Figure 12.30. 

Figure 12.32. Skin( 8ack, Sheep. A wool hair, shown in cross 
section, lacks a medulla. 
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KEY 

1. Annulor sinus S. Hair bulb 
2. Connective tissue sheoth, inner 9. Inner root sheoth 
3. Connective tissue sheoth, outer 10. Merkel'scell 
4. Endothelial cell, nucleus 11 . Outer root sheoth 
5. Epidermis 
6. Eryfhrocytes 
7. Hair 

12. Seboceous gland 
13. Sinus pod 
14. T robeeulo 

Figure 12.33. Sinus Hair Follicle, 1.5., Nose, Cow. In sinus hair 
follicles of ruminants. horses, and pigs the entire length of the 
blood,filled sinus is crossed by numerous trabeculae. 

Figure 12.34. Sinus Hair Follicle. oblique section, Nose, Dog. 
The large sinus hair follicle contains a blood,filled sinus, lined oy 
an endothelium, between the inner and outer layers of the con
nective tissue sheath. In carnivores only the lower region of the si
nus is spanned by a network of trobeculae of connective tissue. 
The upper region contains an annular sinus, free of trabeculae, 
into which protrudes a thickening of the inner connective-tissue 
sheath called the sinus pad. 

Figure 12.35. Sinus Hair Follicle, Nose, Dog. Detail of Figure 
12.34. Portion of the sinus pad, annular sinus, and trabeculated 
sinus, Note the Merkel's cells, associated with tacti le stimulation, 
in the external {outer} root sheath . 
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Figure 12.40 

I. Capillary 
2. Duct 
3. Follicular lalds 
4. Gland cells, surface cut 
5. Hoir 
6. Hoir follicle 
7. Inner root sheath 
8. Myoepithelial cell . 

nucleus 
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9. Outer root sheath 

10. Pyknotic nucleus 
I I. Sebaceous gland 

x 125 

12. Secretory portion, sweat gland 
13. Stem cell 
14. Sweat gland, I.s. 
15. Sweat glond, x.s. 
16. Vacuolated cell 

Figure 12.36. Sebaceous Gland and Hair Follicle, I.s., lip, 
Sheep. The inner-root sheath forms follicular (circular) folds below 
the entrance of sebaceous glands into the follicle. 

Figure 12.37. Nose, Dog. Longitudinal sections of two serpentine 
sweat glands. Their tubular structu re is evident. 

Figure 12.38. Sebaceous Gland and Sweat Gland, Nose, Dog. 
The secretory portion of a sweat gland, lined by cuboidal to 
columnar cells, is continuous with the bistratified, Rattened cells of 
its duct. The cell types found in the holocrine sebaceous gland are 
evident: small, flat, J'eripheral stem cells; maturing, round cells 
wi th pale, vacuolate cytoplasm; inner degeneroting cells with py
knotic nuclei . 

Figure 12.39. Sweat Gland, Skin, Horse (Trichrome). Cross and 
oolique sections of a coiled sweat g land in the dermis are lined by 
cuboidal to columnar cells and surrounded by myoepithelial cells . 
The solid sheet of several cells represents a surface cut through the 
wall of the gland. 

Figure 12.40. Sweat Gland and Duct, Teat, Sheep. Low colum' 
nor secretory cells with apical blebs end abruptly where the duct 
ef?ithelium begins. Both the secretory cell s and tile in itial segment 
of the duct are surrounded by myoepithelial cells. The cytoplasm 
of the myoepithelial cells appears as a pink, sometimes rippled 
band . 
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KEY 
1. Basement membrane 8. Hair fallicle 
2. Cleor cell 
3. Dark cell 
4. Dermis 
5. Duct af sweat gland 
6. Epidermis 
7. Hair bulb 

9: MyoepHhelia! cell, cytoplasm 
10. Myoepithelial cell, nucleus, Ls . 
11. Myoepithelial cell, nucleus, x.s. 
12. Sebaceous gland 
13. Secretory cell, nucleus 
14. Sweat gland 

Figure 12,41 , Sweat Gland, Teat, Sheep. The secretory cells of 
sweat glands vary from squamous to tall columnar. They are squa
mous in this preparation, but are columnar in Figure 12.40. Note 
that one of the secretory portions is cut tangentially, revealing the 
elongated shape of the myoepithelial cells. 

Figure 12.42. Sweat Gland, Teat, Sheep (Silver and Eosin). The 
basement membrane of a sweat gland is blackened with silver. 
Myoepithelial cells occur between the flanened secretory cells and 
the basement membrane. 

Figure 12.43. Carpal Gland, Pig. Lobules of merocrine sweat 
glands occur in the subcutaneous tissue on the medial side of the 
carpus of the pig . 

Figure 12.44. Carpal Gland, Pig. Dark and clear cells of the se
cretory units of these merocrine sweat glands are surrounded by 
myoepithelial cells. 

Figure 12,45. Infraorbital Pouch (Sinus), Sheep. Many large se
baceous glands occupy the wa ll of the infraorbital pouch of sheep. 
Some apocrine sweat glands lie deep to the sebaceous glands. 
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1. Corpora amylacea 8. Intralobular connective tissue 
2. Epidermis 9. Intralobular duct 
3. Gland 10. Lobule 
4. Glandular epithelium 11. Lymphatic vessel 
5. Hair follicle 12. Sebaceous gland 
6. Interlobular connective 13. Secret07c unit 

tissue 14. Sweat g and 
7. Interlobular duct 

Figure 12.46. Inguinal Pouch, Sheep. The skin of the inguinal 
pouch of sheep contains a few hairs, sebaceous glands, and an 
abundance of apocrine sweat glands. 

Figure 12.47. Mammary Gland, Inactive, Cat. Lobules of glan
dular tissue and ducts are surrounded by fibroelastic subcuta
neous ti ssue. The overlying skin contains a few hairs. Large lym
phatic vessels lie deep to the parenchyma. 

Figure 12.48. Mammary Gland, Inactive, Cow. Abundant inter
lobular connective tissue and components of the duct system are 
evident in an inactive gland. Interlobular ducts branch into the lob
ules as intralobular ducts. 

Figure 12.49. Mammary Gland, Inactive, Cow. Lobules are 
composed of intralobular ducts and intralobular connective tissue, 
which is moderately rich in cell s. Thickenings at the terminations of 
intralobular ducts represent remnants or precursors of glandular 
epithelium. When these are cut in cross section, they cannot al
ways be distinguished from ducts. 

Figure 12.50. Mammary Gland, Active, Cow. In the active 
gland, secretory parenchyma is well developed and connective tis
sue is reduced. Compare with Figure 12.48. The lumens of the se' 
cretory glands and ducts are fi lled with secretion (deep pink). 
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I . Connective tissue Secretory cen, nucleus 7 . 
2. Corpora omylaceo 8. Secretory unit 
3. Epidermis 9 . Smooth muscle 
4. Intralobular connective tissue 10. Sweat gland 
5. Myoepithelial cell, nucleus II. Teot sinus 
6. Secretion 

Figure 12.51. Mammary Gland, Active, Cow. A portion of a lob
ule containing numerous tubuloacinar secretory units. Some of the 
alveoli contain round concretions of casein and cellular debris 
cal led corpora amylacea. 

Figure 12.52. Mammary Gland, Active, Cow. Many secretory 
cells have basally displaced nuclei and indistinct lateral cell bor
ders. These cells appear pale because their cytoplasmic lipids 
have been extracted. Sloughed cells, whose dork nuclei a re vis ible 
in the lumens, are part of the secretory product. Some of the flat 
nuclei surrounding the alveoli belong to myoepithelial cells. 

Figure 12.53. Teot, x.s., Dog. A portion of the teat shows nu
merous sinuses among intermingling bundles of smooth muscle 
and fibroelastic connective ti ssue. Nonruminants have multiple 
teat sinuses and teat canals. Some glands and hairs are associ
ated with the skin of the teat of carnivores, horses, sheep, and 
goats. 

Figure 12.54. Teot Sinus, x.s., Dog. Detoil of a teat si nus of Fig
ure 12.53 reveals a highly folded lining. Glandular areos, com
posed of small secretory units, are associated with the wall of the 

• smus. 

Figure 12.55. Teat Sinus, x.s., Cot. Th is cross section through a 
teat reveals five teat sinuses. Some of these contain a secretion that 
is sta ined pink. 
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1. Bistroti fied columnar epithelium 
2. Bistroti fied cuboidal epithelium 
3. Blood ve55el 
4. Collagenous band 
5. Elastic fi bers 
6. Epidermis 
7. Epithelium 

8. Hair follicle 
9, Lamina propria 

10. Lymphatic vessel 
II. Sebaceous gland 
12. Smooth muscle 
13. Sweot gland 
14. Teat sinus 

x 25 

Figure 12.56. Teat Sinus, x.s., Horse (Orcein). A band of col
lagenous fibers lies befween the epitheli um and the underlyi ng fi · 
broelastic connective tissue. 

Figure 12.57. Teat Sinus, x.s., Cow. The mucosa of the teat sinus 
blends with the middle layer of the teat. The latter contains well
developed, longitudinally oriented blood vessels (cut in x.s.); bun
dles a t smooth muscle; fibroelastic tissue; and lymphatic vessels . 
The outer layer, the ski n surface, is not shown. 

Figure 12.58. Teot Sinus, x.s., Cow. The teat sinus is lined by a 
bistratified cuboidal to columnar epithelium. 

Figure 12.59. Teot Sinus, x.s., Sheep, Male. The ski n of the teat 
conta ins ha irs, sebaceous gla nds, and sweat glands, except in the 
cow a nd pig. Compare with Figure 12.63. 
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1. Bistratified columnar epithelium 
2. Bistratified cuboidal epithelium 
3. Blood vessel 
4. Dermis 

8. Smooth muscle 
9. Strati fied squamous 

epithelium 
10. Stratum basale 

5. Epidermis 
6. Epithelium 

11. Stratum corneum 
12. Stratum spinosum 

7. Lamina proprio 
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Figure 12.60. Teat Sinus and Canal, Junction, x.s., Horse. 
Patches of the bistratified epithelium (columnar and cuboidal) of 
the teat si nus intermingle with the stratified squamous epithelium 
of the teat canal. 

Figure 12,61 , Teat Canal, x.s., Cow (Trichrome). The keratinized 
stratified squamous lin ing of the teat canal is encircled by a papil
lated layer (green) of connective tissue and bundles of smooth 
muscle {pa le yellow}. 

Figure 12,62, Teat Canal, x.s., Cow (Trichrome). Detail of the 
thick keratinized stratified squamous epithelium and the surround
ing connective tissue and smooth muscle shown in Figure 12.61 . 

Figure 12.63. Skin Surface, Teat, x,s" Cow (Trichrome), The ski n 
surface of the teat of the cow and pig is hairless. 

INTEGUMENT 1 05 



.-
• , 

• 

Figure 12.64 

10 

Figure 12.65 x 12.5 

11 

- , 
• . " • , 

- , 
• -.. • 

Figure 12.66 x 12.5 

106 COLOR ATLAS OF VETERINARY HISTOLOGY 

KEY 
I. Claw fold 
2. Dermis 
3. Digital pod 
4. Distal phalanx 
5. Epidermis, digital pad 
6. laminae 
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7. limiting Furrow 
8. Merocrine sweat gland 
9. Middle phalanx 

10. Sole 
I I. Wall 
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Figure 12.64. Developing Claw, I.,., Fetu" Dog. The claw of car
nivores consists of a dorsal and lateral wall (body, claw plate) and 
a ventral sale of hard keratin that cover the distal pha lanx. The 
claw fold is the skin that covers the wall at the base of the claw. 
Endochondral bone formation has begun in the phalanges of this 

• 
specimen . 

Figure 12.65. Sale of Claw and Digital Pad, Dog. The limiting 
furrow separates the digital pad from the sale of the claw. 

Figure 12.66. Apex of Claw, I.,., Dog. The dermis of the wall 
bears laminae (lamellae) at the apex of the claw. 

• 
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l. Dermal papilla 6. Strotum basole 
2. Dermis 7. Stratum corneum 
3. Hair follicle 8. Stratum granulosum 
4. Horn tubule 9. Stratum spinosum 
5 . Intertubular horn 

Figure 12.67. Horn, Cow. Horns of ruminants are composed of 
bone of'the cornual process covered by a dermis and epidermis . 
The epidermis wilh a thick slratum corneum of hard keralin (hornl 
and a portion of the underlying papillated dermis are shown here. 
(Photograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 

Figure 12.68. Chestnut, Horse. Junction of the hoiry skin ond 
chestnut. Chestnuts (ond ergotsl of horses are keratinized thicken· 
ings of the epidermis composed of horn tubules (tubular horn I and 
intertubular horn. Horn tubules arise from the cells of the stratum 
bosale thot cover the apex ond sides of dermal papilloe. Inter· 
tubular linterpapillory) horn arises from the cells ot the stratum 
basale that are located between the bases of the dermal papillae. 
Only a small portion of the very thick stratum corneum of the chest· 
nut is shown. 

Figure 12.69. Chestnut, Horse. Detail of a portion of the epider· 
• 

mls. 

Figure 12.70. Chestnut, Horse. The section was cut parallel to the 
surface of the chestnut at the level of the stratum corneum. Horn 
tubules appear in cross section between intertubular horn. 
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The equ ine hoof is the keratinized portion of the epi
dermis that covers the distal end of the digit. The var ious 
regions of the hoof are depicted in Figures 12.71 a nd 
12 .72. The perioplic, coronary, and laminar regions com
prise the wa ll (the portion of the hoof that is visible when 
the d igit is on the ground). The wall turns in ventra lly at an 
acure angle to form the bars. The sole, which forms most of 
the ventra l su rface of the hoof, is attached to the bars and 
the ad jacent, inner border of the wall . The frog, a cauda l, 
wedge-shaped mass, lies between the bars. The apex of the 
frog merges with the sole cranially. The bulbs are the con
vex protuberances located above and behind the frog. 

The kerat inized tissue comprising the hoof is in the 
form of tubular, intercubular, and lamina.r horn (see Figs. 
12.75, 12.76, 12.79, a nd 12.80) . The underly ing, liv ing 
layers of rhe epide rmis include the stratum spinoslIm, 
whose cells arc undergoing keratinization, and the stratum 
basale. The stratum basale borders on the dermis (corium), 
wh ich is rich in blood vessels and nerves. The dermis may 
be either papillated or laminated, depending on whether 
the overlying epidermis contains tubular or laminated 
horn, respectively . The dermis blends wi th underlying 
structures such as the subcutaneous cushions and the pe
riosteum of the third pha lanx. 

The perioplic epidermis forms a band of soft, nonpig
mented tubular horn. It merges with the epidermis of the 
skin above and extends downward as a thin, glossy, Aaky 
layer of keratin that forms the outer coating of the wa ll o f 
the hoof, ca lled rhe stratum tectorium (stratum externum ). 
This layer is well developed in young animals, but tends to 
be worn away in o lder horses . The perioplic epidermis 
widens at the heels to form the bulbs. The perioplic dermis 
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is characterized by the presence of fine, short papillae (1 to 
2 mm ). 

The germinal cells of the coronary epidermis form 
horn tubules (tubular horn) and intertubular horn that ex
tend from the coronary region to the ground su rface, form
ing the bulk of the wall of the hoof, the stratum medium. 
The horn tubules are oriented at an angle to the ground. 
They parallel the external surface of the hoof. The coro
nary dermis is marked by long dermal papillae (4 to 6 mm). 

The laminar epidermis of the wall is in the form of lam
inae (lamell ae) that are arranged pa rallel to th e horn 
tubu les of the st rarum medium. They extend from the deep 
edge o f the corona ry region to the sole. Each primary lam
ina bea rs nu merous secondary laminae (not present in the 
hooves of pigs and rumi nants) that project at right angles 
a long its length. The primary epiderma l la minae are kera
tinized and fused with the inner portion of the stratu m 
medium of the wall. The secondary epidermal laminae con
sist of a core of cells of the stratum spinosum bordered by 
cells of the stratum basa le. The epiderma l laminae form the 
stratum inrernum of the wall of the hoof. They interdigitate 
with primary and secondary derma l laminae of the laminar 
dermis. This extensive interdigitation serves to slispend [he 
th ird phalanx from the hoof. At the ground surface, the 
junction of the epiderma l laminae of the wa ll (u npig
mented) with the sole is ca lled the white line. 

The tubula r and intertubular horn of the bulbs, sole, 
and frog is softer than that of the wall of the hoof. The der
mis of these regions, like that of the periople and coronary 
region, is papillated. The epidermis and dermis of the bars 
are lamina ted, being continuolls with the laminar region of 
the wal l. 



Periople 

Epidermal laminae 
• ronary region 

White line __ 

Coronary region 
Periople 

• 

Figure 12.71. Hoof, Horse. The various regions of the hoof are 
shown. The inner surface of the periople and coronary region and 
thai of Ihe sale, frog , and bulbs are stippled in Ihe drawing. In Ihe 
intact toe, dermal papillae extend inlo Ihe funnel· shaped depres· 
sions whose openings are represented by the stipples . 

Sole Frog 

Laminae of wall 

White line-

Stratum medium, 
deep unpigmented layer 

Figure 12.72. Sole, Hoof, Horse. 

Sole 

_ __ Bulb 

Frog 

__ Bulb 
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Figure 12.77 

1. Bone, PJ 
2. Cartilage, developing P3 
3. Coronary dermis 
4. Coronary epidermis 
5. Dermal papilla 
6. Dermis, ~Ie 
7. Dermis, woll 
8. Epidermis, sole 
9. Epidermis, wall 

x 25 

KEY 
10. Hair follicle, developing 
11. Hom tubule 
12. Horn tubule, cortex 
13. Horn tubule, medulla 
14. Interi1Jbulor horn 
15. Laminar dermis 
16. Perioplic dermis 
17. Perioplic epidermis 

Figure 12.73. Developing Hoof, I.s., Fetus, Horse. The regions 
that form the three layers of the hoof wall are apparent: the peri· 
oplic, coronary, and laminar regions. 

Figure 12.74. Developing Hoof, Coronary Region, I.s., Fetus, 
Horse. Portion of coronary epidermis and coronary dermis, later 
in development than in Figure 12.73, showing tubular and inter
tubular horn . The medulla and cortex of the horn tubules are 
formed from the cells of the stratum basale that cover the tip and 
the sides of dermal papillae, respectively. Intertubular horn is 
formed by cells of the stratum bosole that are located between the 
bases of the dermal papillae. (Photograph of a histologic section 
borrowed from the College of Veterinary Medicine, Iowa State 
University.) 

Figure 12.75. Developing Hoof, Coronary Region, I.s., Fetus, 
Horse. Detail of Figure 12.74, showing two horn tubules in longi· 
tudinol section. (Photograph of a histologic section borrowed from 
the College of Veterinary Medicine, Iowa State University.) 

Figure 12.76. Hoof, Coronary Region, x.s., Horse. Dermal 
papillae and horn tubules of tubular horn. (Photograph of a histo· 
logic section borrowed from the College of Veterinary Medicine, 
Iowa State University.) 

Figure 12.77. Developing Hoof, Wall and Sole, x.s., Fetus, 
Horse. The dermis of the wall is laminated, while that of the sale is 
papillated . 
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Figure 12.78 x l25 

Figure 12.79 x 12.5 

Figure 12.80 

KEY 

I . Basal cell 
2. Blood ve"el 
3. Bone, PJ 

7. Epidermollamino, 
secondary 

8. Horn tubule 
4. Dermal lamina, primary 
5. Dermollomino, secondary 
6. Epidermollamino, primary 

9. laminar dermis 
10. Stratum medium 

Figure 12.78. Developing Hoof, Wall, x.s., Fetus, Horse. Detail 
of Figure 12.77. The epidermal laminae, ot this time, consist 
mainly of a layer of basal cells Istratum basale). Primary epider
mal laminae hove begun to form secondary laminae. The primary 
and secondary dermal laminae are extensions of the laminar der-

. 
mls. 

Figure 12.79. Hoof, Laminar Region, x.s., Horse. Horn tubules 
of the stratum medium are seen in cross section. Primary and sec
ondary epidermal laminae of the stratum internum interdigitate 
with the laminar dermis, which anchors the third phalanx to the 
wall of the hoof. Epidermal laminae, which are long ridges, ap
pear featherlike in cross section. IPhotograph of a histologic sec
tion borrowed from the College of Veterinary Medicine, Iowa 
State University.) 

Figure 12.80. Hoof, laminar Region, X.So, Horse. Primary epi
dermal laminae of the stratum internum, continuous with the stra· 
tum medium, bear secondary epidermal laminae. These interdig· 
itate with primary and secondary dermal laminae. The secondary 
epidermal laminae and the dermal laminae comprise the sensitive 
laminae. Nudei of the basal cells appear as small dark spots 
along the periphery of secondary epidermal laminae. Whoto
graph of a histologic section borrowed from the College of Vet
erinary Medicine, Iowa State University.) 
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Figure 12.85 

L Axial blood ves .. 1 
2. Borbs, pigmented 
3. Corneous cells 
4. Corneous connection 
5_ Dermal papilla 
6. Dermis 
7. Epidermal collar 
8. Epidermis 
9_ Feather follicle 

---
KEY 

10. Feather muscle 
I L Feather pulp 
12. Feathersheath 
13. Horn tubule 
14. Intertubular hom 
15. Melanocyte 
16. Stack of nuclei 
17. Stratum corneum 
18. Stratum germinativum 

x 250 

Figure 12.81. Hoof, Sole, oblique sec~on, Horse. Dermal papil· 
lae and horn tubules of the sale are shown _ (Photograph of a his· 
tologic section borrowed from the College of Veterinary Medicine, 
Iowa State University.) 

Figure 12.82. Skin, Neck, Chicken. The epidermis of feathered 
skin is very thin and composed of a stratum germinotivum and 
stratum corneum. The layers of the stratum germinativum are evi
dent in Figure 12_92_ Nuclei of the epidermal cells are o~en or
ganized into stacks perpendicular to the surface. Abundant small 
blood vessels appear in the superficial region of the dermis. 

Figure 12.83. Feather Follicle, Skin, Neck, Chicken. Oblique 
section through the basal region of a follicle with a developing 
feether. An e~idermal collar surrounds the dermal pa~illa _ The up' 
per portion of the dermal papilla blends with the teather pulp. 

Figure 12.84. Skin, Chicken. Oblique sections of developing can' 
tour feethers . 

Figure 12.85. Skin, Chicken. Oblique section of a developing 
contour feather . Melanocytes lie among cells of the barb_ Barbule 
cells, beginning with the outermost ones, receive pigment from the 
processes of the melanocytes. 
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1. Air space 
2. Borbules 

7. Feather pulp 
8. Feather sheath 

3. Calamus (quill I 
4. Cells of barb stem 

9. Stratum corneum, follicle 
10. Stratum corneum, skin 

5 . Dermis 
6. Feather muscle 

11 . Stratum germinotivum, follicle 
12. Stratum germinotivum, skin 

Figure 12.86. Skin, Chicken. Longitudinal section of a contour 
feather showing several developing barbs, later in develofment 
than in Figure 12.85. The pale, cuboidal cells at the base a each 
barb form the stem of the barb. 

Figure 12.87. Skin, Chicken. Portion of contour feather follicle, 
x.s., at level of calamus Iquill). Note that feather pulp has been reo 
placed by an ai r space. 

Figure 12.88. Skin, Chicken. Cross section of a contour feather 
showing numerous barbs. 
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figure 12.92 x 250 

KEY 
I. Basal layer 10. Follicle, contour feather 
2. Calamus Iqui ll) 11. Follicle, filoplume feather 
3 . Dermis, central layer 12. Intermediate layer 
4. Dermis, superficial layer 13. Mucous connective tissue 
5. Elastic tendon 14. Sinus capillary 
6. Endothelial cell, nucleus 15. Stratum corneum 
7. Epidermis 16. Stratum germinalivum, skin 
8. E'}'fhrocyte 17. Transitional layer 
9. Feather muscle 

Figure 12.89. Skin, Eyelid, Chicken. Feother follicles, x.s. The fol· 
licle wa ll of the tiny filoplume feather is relatively thick. A feather 
muscle attaches to the sheath of connective tissue of the follicle of 
a contour feather by an elastic tendon . 

Figure 12.90. Wattle, X.S., Rooster. Numerous sinus capillaries 
in the superficial layer of the dermis impart a red color to the wat
tle land comb) when filled with blood. Mucous connective tissue of 
the intermediate layer of the dermis surrounds the central layer of 
dense connective tissue. 

Figure 12.91. Comb, Rooster. The point of a comb is similar in 
appeorance to the wattle Isee Fig. 12.90). The collagenous fibers 
o~ the centra l layer of the dermis arise from the periosteum of the 
skull and carry vessels and nerves to the extremities of the comb. 

Figure 12.92. Comb, Rooster. Portion of epidermis and superfi
cial dermis. The stratum corneum and layers of the stratum germi
nativum (basal , intermediate, and transitional layersl are evident. 
The lower ends of the cells of the basal layer bulge into the dermis, 
so that the epidermal-dermal boundary is uneven. Numerous 
anastomosing, blood-filled sinus capillaries in the superficial layer 
of the dermis are lined by pigment· laden endothelial cells . 
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Figure 12.93 x 25 

KEY 

1. Adipose ti ssue 
2. Blood vessel 

12. Merkel'scell 
13. Mucous connective tissue 

3. Bone 
4. Dermal papilla 
5. Dermis, central layer 
6. Dermis, intermediate layer 
7. Dermis, superficial layer 
8. Epidermal peg 
9. Epidermis 

10. F;broblost 
1 1. Herbst corpuscle 

14. Oral cavity 
15. Palatine ridge 
16. Periosteum 
17. Sinus capillary 
18. Sinus capillaries 
19. Stack of nuclei 
20. Stratum corneum 
21. Stratum germinativum 
22. lamial edge 

Figure 12.93. Comb, Hen. The comb of a laying hen, compared 
with that of a rooster, contains less mucous connective tissue and 
more dense connective ti ssue in the intermediate layer, as well as 
fewer and sma ller sinus capillaries in the superficial layer of the 
dermis (see Fig . 12.941. 

Figure 12.94. Comb, Hen. Detail of the epidermis and a portion 
of the dermis in Figure 12.93. Fewer and smaller sinus capillaries 
are in the superficial layer of the dermis of the comb of the laying 
hen as compared with that of the rooster. Note the arrangement 
of the nuclei of epidermal cells into stocks. 

Figure 12.95. Comb, Hen. Numerous Merkel's cells are located 
along the inner surface of the epidermis. These cells are associated 
with tactile nerve endings. 

Figure 12.96. Upper Beak, x.s., Chicken. One side of the upper 
beak is shown. The bone of the premaxilla is covered by ape' 
riosteum, dermis, a nd epidermis with a thick layer of hard keratin . 
The dermis of the lateral surface of the upper beak oken contains 
Herbst corpuscles; one corpuscle is shown here (see Fig. 9.35 For 
detail of this corpusclel. Dermal papillae of the lateral surface di· 
minish medially. The lower beak slips inside the upper beak be· 
tween the palatine ridge and the stratum corneum of the medial 
surface. 

Figure 12.97. Upper Beak, x.s., Chicken. Detail of dermis and 
epidermis of the tomial edge of Figure 1 2.96. Cells of the stratum 
basale vary in height a nd width, so that intermiijent groups of tall 
slender cells form epidermal pegs between which project dermal 
papillae. 

INTEGUMENT 115 



Figure 12.94 

Figure 12.95 

• 
3 

• 

Figure 12.96 

Figure 12.97 

116 COLOR ATlAS OF VETERINARY HISTOLOGY 

• . ~ " '~.' 
• • · -r "-

• 

• • • · , , 
~ 

x 25 

x 250 

x 12.5 

• -. 

x 62.5 

, 

• 

5 

, 

Figure 12.98 x 25 

KEY 

1. Adipose tissue, subcuti s 5. Stratum corneum 
2. Dermis 
3. Keratin, hard 

6. Stratum germinativum 
7. Sulcus 

4. Keratin, soft 

Figure 12.98. Spur, Hen. The spur cap consists of an extremely 
thick stratum corneum of hard keratin. 

Figure 12.99. Scutes, 1.5., Anterior Metatarsus, Chicken. Scutes 
are large scales that are covered by hard keratin. Their region 01 
overlap, shown here, forms a sulcus lined by soft keratin. 

Figure 12.100. Scutes, I.s., Anterior Metatarsus, Chicken. The 
region of overlap of two scutes shows the transition from the hard 
keratin to the deeper-staining, soft keratin of the sulcus. 

Figure 12.101. Reticulate Scale, x.s., Digit, Chicken. The hard 
keratin of the stratum corneum covers the outer surface and lines 
the sulci of these small scales from the lateral metata rsus. 

Figure 12.102. Digital Pad, Chicken. A thick keratinized epithe· 
lium, a dermis, and a thick cushion of adipose tissue in the sub
cutis characterize the digital pad . 
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Figure 12.1 OJ 

1. Bone, distal phalanx 
2. Capsule of connective tissue 
3. Dermis 
4. Dorsal plate, claw 
5. Footpad 
6 . Glycogen zone 
7. lobe, lumen 
8. Multilocular fat cell, nucleus 
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KEY 
9. Sebaceous zone 

10. Stratum germinolivum 
11. Tendon 
12. Unguinal scole, dorsal 

surface 
13. Unguinal scale, ventral 

surface 
14. Ventral plate, claw 

7 

x 250 

Figure 12.103. Multilocular Fat, Digital Pad, Chicken. Multi locu
lar fat cells, containing numerous lipid vacuoles and a central nu
cleus, are common in the subcutis of the chicken. 

Figure 12.104. Claw, 1.5., Chicken. The doijed li ne indicates the 
approximate location of the drawing Icross section) of the claw 
shown in Figure 12.105. 

Figure 12.105. Claw, Base, x.s., Chicken . 

Figure 12.106. Claw, Base, x.s., Chicken. Compare this pho
tomicrograph with Figures 12.104 and 12.105. The free edge of 
the dorsal, unguinal scale (scute type) overlaps the base of the 
claw, so that a cross section reveals a dorsal and ventral surface 
of the scale. The soft keratin of the ventral surface of the scale 
abuts the dorsal plate of hard keratin of the base of the claw. The 
dorsal plate curves ventrally over the bane of the distal phalanx. 

Figure 12.107. Uropygial Gland, 1.5., Chicken. A portion of one 
lobe of this bilobed holocrine gland shows branched tubular 
glands surrounded br a capsule of connective tissue. Each tubular 
gland is composed 0 a peripheral, sebaceous zone and an inner, 
glycogen zone. The latter communicates wi th the lumen of the 
lobe. 
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1. Adipose tissue 
2. Basal cell, nucleus 
3. Central layer 
4. Epidermis 
5. Featherfollicle 
6. Gland, lumen 
7. Glycogen zone 

KEY 

8. Intermediate cell 
9. Isthmus 

, O. lobe, lumen 
, 1. Primary duct 
12. Sebaceous zone 
13. Smooth muscle 

Figure 12.108. Uropygial Gland, los., Chicken. The lumen of a 
lobe communicates with a primary duct, which passes through the 
isthmus toward the papi lla of Ihe gland. 

Figure 12.109. Uropygial Gland, los ., Chicken. The two primary 
ducts pass through the papilla Inipplel. Their openings Inot shownl 
onto the surface are surrounded by feathers. 

Figure 12.110. Sebaceous Zone, Uropygial Gland, Chicken. 
Portions of tubular g lands a re shown in cross section. The basal 
layer of the glandular epitheli um is represented by the oval to flat 
nudei of the small basal cells. A single layer of acidorhi lic and 
gra iny intermediate cells lies on the basal layer. Cells a the thick, 
centrol itronsitionoilloyer accumulate lipid, hypertrophy, and de· 
generate toward the luminal surface. 

Figure 12.111. Glycogen Zone, Uropygial Gland, Chicken. Par· 
tions of tubular glands are shown in cross section. Intermediate 
cells, with an acidophilic and gra iny c>,!oplasm, form a thick layer 
in the glycogen zone. The pale cells of the central layer a re less 
numerous. Compare with Figure 12.110. 
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MAMMALS 

he digestive tract extends from the mo uth to the anus. Generally, its wall is CO I11-

posed of an outer serosa (or an adventitia), muscularis externa, submucosa, and in
ner mucosa. The mucosa consists of an inner epithelium, a middle lamina propria, 

and an o uter muscularis mucosae. A muscularis mucosae is absent fro m the mo uth, phar
ynx, ponions of the esophagus, and the rumen. The mouth lacks a submucosa and mus
cularis externa. 

From the li ps through the nonglandu lar stomach, the epithelium of the mucosa is 
stratified squamous. Among other places the epithelium is keratinized on the dental pad, 
surface of rhe tongue, hard palate, cheek, and the no nglandular sto mach o f ruminants, 
horses, and pigs. The epithelium of the mucosa in the glandular stomach and the intestine 
is si mple columnar; in the anal canal it is st.ratified squamous. 

From the mo uth thro ugh the esophagus, the mucosa is moistened by the secretions 
(mucous o r sero us) o f vario us glands, including the majo r salivary g lands. Surface mu
cous cells and mucous neck cells of the stomach and goblet cells of the small and large in
test ines also contribute lubricating secretio ns. 

The tongue has vario us small o utgrowths, papillae, located primarily on its upper 
surface. These vary considerably in size and appearance. Some (filiform ) have threadlike 
projections Ot bear spines. Some are cushion-shaped (circumvallate, fungiform ), while 
othets (foliate ) take the form of a succession of folds. Taste buds occur in the epithelium 
of circumva llate, fol iate, and fungiform papillae. 

The oropharynx is lined by a stratified squamous epithelium and contains mucous 
glands, except in carnivores, where the glands are mixed . A muscularis exrerna of skele
tal muscle is surrounded by an adventitia. 

Throughout mOSt of its length, the esophagus is surrounded externally by an adven
titia. The muscularis externa varies in composition. In the dog it is composed of skeletal 
muscle throughout its length, except in the vicinity of the stomach, w here skeletal muscle 
is replaced by smooth muscle. In ruminants the entire muscularis externa is comprised o f 
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skeletal muscle. In the horse and cat a switch from skeletal 
to smooth muscle occurs in the ca udal third of the esopha
gus, whereas in rhe pig the change occurs just cranial to the 
diaphtagm. 

The mucosa of the eso phagus is li ned by st tatified 
squa mous epitheli um. The longitudinally arranged smooth 
muscle of the esophageal muscularis mucosae var ies in 
amount from anterior to posterior. It is in the form of iso
lated bundles anteriorly and a continuous sheet posteriorly 
in the car, horse, and ruminant. In the dog and pig it is ab
sent anteriorly and appears as a continuous sheet posteri
o rl y. 

Mucous o r mixed glands occur in the su bmucosa of 
the esophagus. In the cat, horse, and ruminant, glands oc
cu r only at the junction o f the pharynx and esophagus. In 
the pig they occur anter iorly, di mi nish in the mid-region, 
and are spa rse caudally. In rhe dog rhey occupy rhe entire 
length of the esophagus and extend into the stomach for a 
shorr distance. 

. The horse, ruminant, and p ig have a no nglandu lar 
forestomach and a glandular stomach. In ruminants the 
fo restomach is d ivisible into a rumen, reticul um, and oma
sum. T he glandular stomach of ruminants is the aboma
sum. The car and dog have a glandular stomach, bur lack a 
forestomach. In all of these ani mals the glandular stomach 
consists of cardiac, fundic, and pyloric gland regions. The 
cardiac gland region is re latively sma ll in all but the pig. 

The epithel ium of the gland ular stomach invaginates 
into the lamina propria, forming tubula r structures ca lled 
gastric pits (foveolae). Depressions of the mucosa known as 
gastric furrows are also present. 

Various tubular glands empty into the bottom o f rhe 
gastr ic p its. M ucous glands with occasional parietal cells 
are the principal type fo und in the cardiac gland region. In 
the fundic gland region glands are constructed mostly of 
parietal and chief cells, which secrere hydroch loric acid and 
pepsi nogen, respect ively. The glands of the pylo ric gland 
region are mainly of the mucous type with interspersed 
parietal ce lls. 

In carnivores the mucosa o f the fundi c gla nd region is 
separated into an adoral, narrow, and thin light zone and 
an abora l, wide, and thick dark zone. These zones are read
ily visible on gross examination o f the mucosa a nd are dis
tinguishable histologically. The stomach of the cat has a 
rhick layer of connecrive tissue between rhe base of the 
glands and the muscularis mucosae called the stratum COffi

pactum. T his may be ca pped by a layer of fibrob lasts, the 
stratum granulosum. The combination of these cells and 
the stratum com pactum is ca lled the lamina subglandu
laris. The latter may be absent in dogs. A submucosa, mus
cu lar is externa of smooth muscle, and serosa complete the 
wa ll of the sromach . 

The intestines o f mammals consist of a small intestine 
(duodenum, jejunum, a nd ileum ) and a large intestine (ce
cum, colon, rectum, a nd anal canal) . In both the small and 
large intestine, the epithelium is simple columnar with a stri
ated border. Goblet cells occur among the columnar cells. 
T he former increase in number from anterior to posterior 
with the greatest number occurring in the large intestine. 

Villi a re confined to the small intestine in mammals. 
They are short and dlick in ruminants but long and slender 
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in carnivores. At the bases of the vi ll i are invaginations of 
rhe epithelium, rhe crypts of Lieberkiihn (intestina l glands). 
Replacement of the mucosal epirhelium occurs by cell d ivi
sion primarily within the crypts. A muscularis mllcosae, 
consisting of two layers of smooth muscle, separates the 
crypts from the underlying submucosa. The latter is formed 
from loose connective tissue in the horse, ruminant, and 
pig. In contrast , it is composed of moderately dense con
nective tissue in carnivores. A lamina subglandularis may 
be present in the intestine of carnivores. The remainder of 
the wall of the intestine is comprised of a muscularis ex
terna of s11100th muscle and a serosa . 

Compo und, tubuloacinar Brunner's glands (duodenal 
glands, submucosal gla nds) are mucous glands occurri ng 
with in the submucosa and o ften within the la mina pro pria 
of the duodenum. In carnivores, sheep, a nd goats they are 
limited to the initial or mid-region o f the duodenum; in 
horses, pigs, and cows they extend into the jejunum. Brun
ner's glands also project into the pyloric stomach for a 
shorr distance. Aggregarions of Iympharic nodules, Peyer's 
patches, are present in the lam ina propria and submucosa 
of the small intestine, especially the ileum. 

T he mucosa of the large intestine presents a flat sur
face. Vill i are absent. Crypts are longer than in the small in
testine. Flat bands, taenia coli, consisting of lo ngi tudinally 
arranged smooth muscle and elast ic fibers, occur in the 
colon of horses and pigs. Similar structures, taenia ceci, oc
cur in the cecum. T he rectum terminates at the anal canal, 
w hich is lined by a stratified sq ua mous epirhelium. T he ep
ithel ium is nonkeratinized in the anterior portion of the 
cana l and kera tinized in the posterior portion, wh ich is 
continuo us with the hai ry skin. T ubu loacinar anal glands 
occur in the submucosa and muscular is of the a na l canal in 
carn ivores and pigs. Circumanal glands occur in the sub
cutis around the a nus of the dog. The upper porrion of 
these g lands is sebaceous, whereas the lower portion is 
nonsebaceous. The cells of the latte r resemble hepatOcytes. 
Accordingly, the nonsebaceous region is ofren ca lled a hep
atoid gland. 

Paired anal sacs occur lateral to and below the anus of 
carn ivores. Each is lined by a keratinized, strat ified squa
mous epithel ium and is located between the inner smooth 
muscle of the internal anal sphincter and the ollter skeletal 
muscle of the external ana l sphincter. The excretory duct of 
each gland opens into the keratin ized porrion of the anal 
ca na l. Glands of the anal sac are apocrine tubular in the 
dog. In rhe cat borh apocrine rubular glands and sebaceous 
glands su rround the anal sac. 

The liver is a large, lobed gland. Each lobe is covered 
by a mesothelium, beneath w hich is a thin connective
tissue layer, the capsule of G lisson. Each lobe is divided 
into numerous classic lobules. These consist of sinusoids 
and of plates of parenchyma cells, hepatocytes, radially or
ga nized abollt a central vein. Lobules are indisti nctly sepa
rated from one a nother in a ll ani mals except the pig, in 
w hich an abundance of connective tissue between lo bules 
clearly identifies rheir boundaries. Portal tracts (areas) oc
cur at the interstices of three or more lobu les. Each tract 
contains one or more branches of a porta l vei n, hepatic 
arrery, bi le ductule, and lymphat ic vessel. These var ious 
components are supported by a framewo rk of connective 
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Bile, secreted by hepatocytes, enters ti ny bile canaliculi 
from which it flows into the canals of Hering, located close 
to each portal tract. The cana ls unite with the bile ductule 
of a portal tract. Bile ductules lead into bile ducts. The ep
ithel ium of bile ductules is simple cuboidal, whereas that of 
the bile ducts is simple columnar. Goblet ceUs occur in the 
la rgesr bile ducts. 

The gallbladder is a storage depot for bile. Its mucosa is 
thrown into numerous folds when the bladder is contracted. 
When it is d istended, they mostly d isappear. The simple 
columnar epithel ial lin ing has a striated border. Goblet cells 
have been reported in rhe epithel ium of the cow. We have 
also observed them in the goat. Mucous, serous, or mixed 
glands are often seen in the wall of the ga llbladder of rumi
nants. The smooth muscle of the muscularis is arranged cir
cularly (mostly oblique, according to some) for the most 
part. The ga llbladder is absent in the horse. 

The pancreas consists of numerous ru buloacinar secre
tory un its, which form the exocrine component of the or
gan. Clusters of epi thelial cells, the endocrine islets of 
Langerhans, are scattered among the secretory units. Tubu
loacinar units drain into long, narrow intercalated ducts, 
which are lined by elongated cells that present a cuboidal 
appearance w hen sectioned transversely. Interca lated ducts 
communicate directly with interlobular ducts. Striated (se
cretory) ducts are not present. Unlike sa livary glands, my
oepithel ial cells are lacking aro und the secretory units. 
Pacini an corpuscles are commonly found within the con
nective tissue of the pancreas of dogs and cats. 

CHICKEN 

In the chicken the salivary glands are all of the mucous va
riety. They are located in the roof and floor of the oral cav
ity, tongue, and pharynx. Taste buds are present but 
sparse. They are associated w ith the ducts of salivary 
glands at the base of the tongue and the pharynx. 

T he esophagus has the usual seven layers. It is lined by 
a thick, nonkeratin ized, stratified sq uamous epitheli um. 
The muscularis exte rna is composed of smooth muscle 
along the entire length of the esophagus. Mucous glands 
occur in the lamina propria, but are lack ing throughout 
most of the crop, wh ich is a caudal diverticulum located ap
proximately rwo-thirds of the way down the esophagus. 
The crop has a structure ident ica l to the rest of the esopha
gus, but it lacks mucous glands. 

The stomach of the chicken consists of a glandular 
proventriculus and a muscular ventriculus (gizzard ). The 
mucosa of the proventriculus is tllfown into folds (plicae). 

Depressions between the folds are called sulci. The epithe
lium is simple columnar except at the base of the sulci, 
where it is cuboidal. The wall of the proventriculus consists 
of large, compound, tubu lar g la nds. The secretory cells, 
which are cuboidal to low coiUInnar, produce both pepsino
gen and hydrochloric acid, thus combining the function of 
mammalian chief and parietal cells. Each gland opens to the 
lumen of the stomach through a conical papilla. 

The ventriculus is a highly muscular gri nding organ . It 
is lined by an epitheli um that invaginates into the lamina 
propria, formi ng elongated pits, each of which bears termi
na l tu bular gastr ic glands. Cells of the latter secrete a thick, 
horny material. Although keratin-like, this substance, usu
ally called keratinoid, is not chemically eq uivalent to ker
at in. It forms the tough inner lining, about 1 mm thick, of 
the ventricu lus. 

The intestine of the chic ken is si milar in structure 
throughout its length . It consists of a duodenum, jejunum, 
ileum, and large intestine. A pair of bl ind, elongated ceca 
join the intestine at the junction of the ileum and large in
test ine. The termi na l end of the large intestine joins the co
prodeum of the cloaca. Vi lli are present throughout the 
small and large intest ines. They are longest in the duode
num, but gradua ll y shorten and thicken caudally. In the co
prodeum they are stumpy and wunded. Villi are present in 
the ceca also, becoming fl attened toward the blind end. 
Crypts of Lieberkiihn a re short and open between the villi, 
as in mam mals. Although the wa ll of the intesti ne of the 
ch icken is simi lar to that of the mamma l, rhe absence of 
duodenal glands and an extremely thin submucosa in the 
ch icken are notable d ifferences. 

As in ma mmals, the liver is covered by a mesothelium 
beneath which is a layer of connective tissue, Glisson's cap
sule. Lobes of the liver a re subd ivided into numerous lob
ules indistinctly separated from one another. The radiating 
plates of hepatocytes in each lobule are two cells wide in 
the ch icken. In contrast, those of mammals are one cell 
wide. 

The gallbladder of the chicken is similar to that of the 
ma mmal. The mucosa is lined by a simple columnar ep
ithelium and is strongly folded into villuslike projections 
when contracted. 

The pancreas of the chicken resemb les rhat of the 
mam mal. The exocrine portion is tubuloacinar. Lobulation 
is indistinct because of the lack of interlobu lar connective 
t issue. Islets of Langerhans are abundant. Two types of 
islets, alpha and beta, can be easily recognized. Columnar 
alpha cells characterize the a lpha islet. Polygona l beta cells 
are the pri ncipal cells of the beta islets. Alpha islets produce 
gl ucagon, whereas beta islets form insulin. 
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Figure 13.1 x 25 

Figure 13.2 x 25 

Figure 13.3 x 125 

Figure 13.4 x 12.5 
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Figure 13.5 

1. Alveolar bone 
2. Connective tissue, papilla of 
3. DenIal lamina 
4. Dental papilla 
5. Dentol soc 
6. Duct 
7. Hair foll icle 
8. Inner enamel epithelium 
9. Intralobular duct 

10. labial gland 

KEY 

1, . Mucous acinus 
12. Outer enamel epithelium 
13. Sebaceous gland 
14. Serous acinus 
15. Serous demilune 
, 6. Skeletal muscle 
17. Stellate reticulum 
18. Stratified squamous 

epithelium, keratinized 
19. Stratum gronulosum 

x 12.5 

Figure 13.1. Lip, Sheep. The section was taken through the junc
tion of the hairy and non hairy portions of the lip. The stratum 
granulosum is present in the epidermis of the hairy portion of the 
li p, but disappears at the junction with the nanha iry portion of the 
lip. Portions of hai r follicles are present. 

Figure 13.2. Lip, Sheep. Oral surface of the li p with mixed labial 
glands among the skeletal musele. 

Figure 13.3. Lip, Sheep. Mixed labial glands within the skeletal 
musculature. 

Figure 13.4. Cheek, Sheep. The mucous membrane of the cheek 
of ruminants is characterized by numerous, conical papillae. The 
apex and lateral surfaces of the papillae are highly keratinized. 

Figure 13.5. Developing Permanent Tooth, Dog. The ectader
molly derived enamel organ has d ifferentiated into the outer and 
inner enamel epithelium and the stellate reticulum. The dental 
papi lla , derived from mesenchyme, is in contact w ith the inner 
enamel epithelium. 
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KEY 
1. Alveolar bone 
2. Ameloblos~ 

12. Epithelium, free gingiva 
13. Fiber bundle 

3. Attachment epithelium 
4. Blood vessel 

14. lamina proprio 
15. Odontoblosls 

5. Cementum 
6. Denlol popillo 
7. Denlol pulp 
8. Dental sac 
9. Dentin 

16. Outer enamel epithelium 
17. Precemenium 
18. Predentin 
19. Space artifact 
20. Stellate reticulum 

10. Enamel 21 . Stratum intermedium 
11. Enamel space 

Figure 13.6, Developing Permanent Tooth, Dog. Dentin and 
enamel formation has begun (see Fig. 13.7). 

Figure 13.7. Dentinoenamel Junction, Developing Permanent 
Tooth, Dog. Odontoblasts cover the surface of the mesenchymal 
dental papilla. These cells produce predentin (uncalcified dentin). 
The pale layer of predentin abuts the recently calcified dentin. The 
enamel organ consists o f tolt columnar ameloblasts that produce 
enamel; a stratum intermedium; and the stellate reticulum. 

Figure 13.8. Root of Tooth, x.s., and Periodontal ligament, Dog. 
The periodontal ligament consists of bundles of collagenous fibers, 
blood and lymphatic vessels, nerves, and cells (mostly fibroblasts). 
The fiber bundles extend between, and anchor to, the cementum 
of the tooth and the alveolar bone. The ends of the fibers that are 
embedded in either cementum or bone dre called Sharpey' s 
fibers. They a re indistinct in this micrograph. 

Figure 13.9. Upper Deciduous Tooth, Decalcified, and Gingiva, 
I.s., Dog. The enamel space identifies the location of enamel be
fore it was lost during decalcjfjcation . The attachment Ijunctional) 
epithelium of the gingiva is nonkeratinized stratified squamous 
and lacks papillae of connective tissue. It abuts the enamel region 
and is continuous with the papillated, keratinized stratified squa
mous epithelium of the free gingiva. 

DIGESTIVE SYSTEM 123 



11 

Figure 13.10 x 12.5 

Figure 13.11 x 62 .5 

Figure 13.12 x 25 
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Figure 13.14 

1. Adipose tissue 
2. Connective tissue, papilla of 
3. Horn tubule-like structure 
4. lamina proprio 
5. loose connective tissue 
6. Mixed gland 
7 . Mucous gland 

KEY 

8. 
9. 

Palatine bone 
Stratified squamous 
epithelium, keratinized 

10. Stratum bosole 
11 . Stratum corneum 
12. Stratum spinosum 
13. Submucosa 

x 12.5 

Figure 13.10. Dental Pad, Cow. The dental pad of ruminants is 
distinguished by its thick stratum corneum and well ·developed 
papillae of connective tissue. 

Figure 13.11. Epithelium, Dental Pad, Sheep. The section shows 
a thick stratum corneum and underlying stratum spinosum. A 
horn, a tubulelike structure, extends through the stratum corneum. 

Figure 13.12. Hard Palate, Caudal, Dog (Masson's) . All domes· 
tic mammals, except the pig, have glands (mucous or mixed) in the 
submucosa of the caudal portion of the hard palate. The cranial 
portion lacks glands in a ll of the domestic mammals. 

Figure 13.13. Hard Palate, Pig. Large irregular patches of pole, 
loose connective tissue ore scattered throughout the submucosa. 

Figure 13.14. Solt Palote, Cow. Mucous glands and adipose tis' 
sue occupy portions of the lamina propria and submucosa. The 
epitheli um is stratified squamous and keratinized. 
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Figure 13.15 , x 52 

Figure 13.16 x 25 
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figure 13.17 x 25 

Figure 13.18 x 250 

KEY 

1. Connective tissue, papilla of 
2. Connective tissue, papilla of (caudal) 
3. Connective tissue, papilla of (rostral) 
4. Filiform papilla, projection of 
5. Fungifonn rapillo, core 
6. Sensory cell, nucleus 

7. Skeletal muscle 
8. Small papilla 
9. Spine 

10. Stratum spinosum 
11. Supporting cell, nucleus 
12. Toste pore 

Figure 13.15. Filiform Papilla, Tongue, Cot. The filiform papilla 
of carnivores contains several, small , rostral papillae of connective 
tissue and a large, caudal papilla of connective tissue. A large, ker
atinized spine is associated with the caudal papil la. 

Figure 13.16. Filiform Papillae, Tongue, Horse. In horses and 
pigs delicate, threadlike, keratin ized projections extend from the 
upper surfaces of the fi liform papi llae, The papillae of connective 
ti ssue are long, but are not subdivided. 

Figure 13.17. Fungiform and Filiform Papillae, Tongue, Goot. 
This section is from the ti p of the tongue. The fungiform papilla is 
moundlike in section w ith a broad, core of connective tissue can
toining numerous nerves. Portions of keratin ized filiform rapillae 
appear on either side. In ruminants the connective ti ssue 0 filiform 
papillae is subdivided into several small papillae. 

Figure 13.18. Toste Bud, Fungiform Papilla, Tongue, Horse. The 
taste bud is embedded within the keratinized stratified squamous 
epitheli um of 0 fungiform papilla. Supportive and sensory cells are 
visible within the bud. The nudeus and cytoplasm of the sensory 
cells are slightly darker than those of the supporting cells. 
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Figure 13.19 
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5. Stratified squamous epithelium 
6 . Taste buds 

x 52 

Figure 13.19. Circumvallate Papilla, Tongue, Goot. This large 
papilla lies within a depression of the lingual epithelium. Taste 
buds occur within the epithelium of the Rapilla facing the cavity of 
the depression, but are usually absent from the upper surface of 
the papilla. 
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Figure 13.23 

1. Adipose tissue 
2. Core of connective tissue 
3. Filiform papilla 
4. Interlobular connective tissue 
5. Interlobular duct 
6. Intralobular duct 
7. Labule 
B. Mucous gland 

KEY 
9. Muscle, longitudinal 

10. Muscle, transverse 
11. Muscle, vertical 
12. Serous g land 
13. Skeletal muscle 
14. Stratified squamous 

epithelium, keratinized 
15. Space artifact 

x 25 

Figure 13.20. Conical Papilla, Tongue, Gaot. This highly kera· 
tinized papi lla is located on the upper surface of the tongue. 

Figure 13.21. lingual Salivary Glands, Horse. Both mucous and 
serous glands occur between the skeletal muscle bundles of the 
tongue. 

Figure 13.22. Musculature, Tongue, I.s., Cat. The vertical, hori· 
zontal, and transverse arrangement of the lingual skeletal muscu
lature can be seen below the mucosal papillae. 

Figure 13,23, Parotid Gland, Horse. Portions of several lobules 
are shown. Lobules are often delineated by space artifacts. See 
Fig. 13.24 for deta il of a lobule. 
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Figure 13.24 x 250 

Figure 13.25 x 125 

Figure 13.26 x 250 

Figure 13.27 x 125 
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Figure 13.28 x250 

KEY 

1. Bosal striations 
2. Intercaloted duct 

5. Secretory unit 
6. Serous acinus 

3. Interlobulor connective tissue 7. Serous demilune 
4. Mucous acinus 8. Striated duct 

Figure 13.24. Parotid Gland, Horse. Serous acini, intercalated 
ducts, and striated (secretory) ducts are present. The loner show 
dearly defined basal striations. 

Figure 13.25. Parotid Gland, Dog. Serous acini and intralobular 
ducts are shown. 

Figure 13.26. Parotid Gland, Cow. The secretory units are lined 
by pale, acidophilic cells with large nudei. The cells vary in height, 
giving the luminal surface a scalloped appearance. This feature is 
unique to the cow. 

Figure 13.27. Submandibular Gland, Dog. Mucous acini (some 
with serous demilunesl and serous acini characterize the 
parenchyma. 

Figure 13.28. Submandibular Gland, Sheep. Intercalated ducts 
branching from a striated duct. 
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Figure 13.29 
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Figure 13.30 
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"" x 250 

KEY 

1. Intercalated duel 5. Serous demilune 
2. Interlobular connective tissue 6. Striated duct 
3. Mucous acinus 7 . Tubular mucous unit 
4. Serous acinus 

Figure 13.29. Submandibular Gland, Sheep IMaliary' 5). The 

I'unction between a mucous acinus and an intercala ted duct is il 
us.rated. 

Figure 13.30. Sublingual Gland, Dog. In the cat, dog, and horse 
the sublingual gland contains mucous secretory units, serous acini, 
and serous demilunes. Long tubular mucous units ore a character
istic feature of the gland in the dog. 
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x 130 
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Figure 13.33 x 12.5 

KEY 
1. Adipose tissue 
2. Blood vessel 
3. Coot of connective tissue 

8. Interlobular connective tissue 
9. Mixed glands 

10 . Mucous acinus 
4. Duct 11 . Serous demilune 
5. Epithelium 
6. Goblet cells 
7. Intercalated duct 

12. Skeletal muscle 
13. Stratified squamous epithelium 
14. Striated duct 

Figure 13.31. Sublingual Gland, Pig. In the pig and ruminant, 
mucous tubuloacinar secretory units predominate. Serous de
milunes are sparse. 

Figure 13.32. Interlobular Duct, Sublingual Gland, Pig. This 
large interlobular duct is lined by a columnar epithelium. In places 
the laHer is bistratified . Goblet cells occur in the epithelium. 

Figure 13.33. Oropharynx, Dog. The section shows mixed 
glands among the skeletal muscle and within the submucosa. 
Mixed glands are shown in detail in Figure 11.10 . 
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Figure 13.34 
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KEY 
1. Blood vessel 7. Muscularis externa, inner circular 
2. Duct 
3. Elastic fibers 

8 . Muscularis externa, outer longitudinal 
9. Mu~ularis mucosae 

4. Lamina proprio 
5. Mixed glands 
6. Mucous glands 

10. Strati fied squamous epithelium 
11. Submucosa 

Figure 13.34. Oropharynx, Dog (Orcein). A thick band of con
nective tissue, containing numerous elastic fibers , parallels the mu
cosa. 

Figure 13.35. Esophogus, Mid-Region, x.s., Dog. The glands of 
the dog's esophagus are predominantly mucous. They are located 
in the submucosa throughout the length of the esophagus of the 
dog. The muscularis externa is skeletal muscle, except very near 
the stomach (see Fig. 13.36) . 

Figure 13.35 x 52 
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Figure 13.36 x 62.5 

Figure 13.37 x 25 

Figure 13.38 x 12.5 

Figure 13.39 x 12.5 
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1. Adipo~e ti~~ue 
2. Adventitia 
3. Duct 
4. Esophagu~, lumen 
5. Lamina proprio 
6. Mixed glands 
7. Mucou~ gland~ 
8. Mu~cularis externa, inner 

circular 
9. Muscularis externa, outer 

longitudinal 

KEY 

10. Muscularis externa, outer 
oblique 

11. Musculari~ mucowe 
12. Skeletal muscle 
13. Smooth muscle 
14. Stratified squamous 

epithelium 
15. Stratified squamous 

epithelium, keratinized 
16. Submucosa 

Figure 13.36. Esophagus, Near Stomach, I.s., Dog. The muscu
laris externa of the dog' s esophagus is composed of skeletal mus
cle, except in the region caudal to the diaphragm, where the mus
culature is mixed. 

Figure 13.37. Esophagus, Cranial, 1.5., Cat. A few mixed glands 
are present in the submucosa. In the cat, horse, and-1Gminant, 
esophageal glands occur only near the junction of the esophagus 
and pharynx. The stratified squamous lining of the esophagus of 
carnivores is typically nonkeratinized. In the cat and horse the 
muscularis externa is skeleta l muscle throughout much of the 
esophagus. The transition from skeletal to smooth occurs in the 
caudal one-fikh to one-third of the esophagus in these animals. 

Figure 13.38. Esophagus, Cranial, x.s., Horse. The papi llated 
stratified squamous epi thelium shows a d istinct keratinized layer. 
The epithelium is a lso keratinized in pigs and ruminants. A sparse 
muscularis mucosae is present in the cranial esophagus in the 
horse, cat, and ruminant. The muscularis externa consists of skele
tal muscle in this region. 

Figure 13.39. Esophagus, Cranial, 1.5., Pig. The stratified squa
mous epithelium is a lso keratinized in horses and ruminants. Note 
the abundance of mucous g lands in the submucosa. In the cran ial 
portion of the esophagus, a muscularis mucosae is absent in the 
pig and dog. The muscularis externa consists of skeletal muscle in 
this reg ion. 
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1. Adipose tissue 
2. Adventitia 
3. Connective tissue, papilla of 
4. Esophagus, lumen 
5. Lamina proprio 
6. Mucous gland 
7. Muscularis externa, inner 

circular 
8. Muscularis externa, outer 

longitudinal 

KEY 

9. Muscularis externa, outer 
oblique 

10. 
II. 
I 2. 
13. 
14. 

15. 

Muscularis mucosae 
Serosa 
Skeletal muscle 
Smooth muscle 
Stratified squamous 
epithelium, keratinized 
Submucosa 

Figure 13.40. Esophagus, Mid·Region, I.s., Pig. Note the de' 
crease in gla ndular tissue and the presence of a muscularis mu' 
cosae. Compare with Figure 13.39. The muscularis externa con
sists of skeletal muscle in th is region. 

Figure 13.41. Esophagus, Caudal, x.s., Pig. The region of the 
pig's esophagus just cranial to the diaphragm shows the presence 
of smooth and skeletal muscle in the muscularis externa, a lack of 
glands, and a thick muscularis mucosae. 

Figure 13.42. Esophagus, Caudal. x.s .• Pig. Detail of Figure 
13.41 shows the smooth and skeletal musculature of the museu' 
loris externa. 

Figure 13.43. Esophagus, Mid·Region, x.s., Sheep. The muscu
laris mucosae is less developed than in the pig (see Fig. 13.40). 
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Figure 13.48 

1. Arteriole 
2. Capillary 
3. Connective tissue, bond of 
4. Keratinized cells 
5. lamina propria 
6. lymphatic vessel 

KEY 
7. Muscularis externa 
8. Stomach contents 
9. Stratified squamous epithelium, 

keratinized 
10. Submucosa 

Figure 13.44. Rumen, Sheep. The mucosa of the rumen is differ· 
entiated into paddle·shaped papil lae. 

Figure 13.45. Rumen, Cow. A part of the wa ll from the lumen to 
the beginning of the muscularis externa (smooth muscle) . A com
plete short papil la and a portion of a long papilla are included . 
N ote the submucosa entering the long papil la. A muscularis mu
cosae is not present in this part of the forestomach . 

Figure 13.46. Rumen, Sheep. Section shows two cuts through ad
jacent long papil lae. These papi llae a re fla t, paddlelike, structures 
Isee Fig. 13.44). The boijom one in the photograph was cut par
allel to the flat surface, and the top one was cut perpendicular to 
the flat surface. A dense, more darkly stained band of connective 
tissue mimics a muscularis mucosae. 

Figure 13.47. Rumen, Sheep. Section illustrates the vacuolated, 
keratin ized cells of the stratified squamous epithelium of a papilla. 
Numerous capil laries abut the epithelium . 

Figure 13.48. Rericulum, Sheep. The mucosa of the reticulum is 
extended into intersecting Folds that subdivide the surface into dis
tinct compartments suggesting a honeycomb. Con ical papillae 
project from the crests of the folds and from the mucosa of the 
compartments. 



Figure 13.49 x 25 
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figure 13.50 x 12.5 
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figure 13.51 x 25 

Figure 13.52 

Figure 13.53 

1. Conical papillo 
2. Connective tissue, band of 
3. Lamina proprio 
4. Muscularis externa 

KEY 

5. Muscularis mucosoe 
6. Stratified squamous epithelium, 

keratinized 
7. Submucosa 

x 25 

Figure 13.49. Reticulum, Cow. Short folds and the base of a long 
fold are visible. A muscularis mucosae occurs in the upper seg
ment of the long fold . This is a characteristic feature of the reticu
lum . Sides and crests of long folds have conical papillae with ker
atinized tips. 

Figure 13.50. Reticulum, Sheep. Section shows a long fold cut in 
a plane parallel to its flat surface. The apparent gaps are the re
sult of undulations in the fold. Conical papillae are evident along 
the crest of the fold. 

Figure 13.51. Reticulum, Goat (Masson's). The section is through 
the region of intersection of three long folds. The muscularis mu
cosae passes from one fold to another at the intersection . Two con
ical papillae, with keratinized tips, project from the sides of two of 
the folds. 

Figure 13.52. Omasum, Sheep. laminae (folds) of different sizes 
extend from the wall of the omasum somewhat like the pages of a 
book. The mucosal surfaces of the laminae are studded with nu
merous conical papillae. 

Figure 13.53. Omasum, Sheep. Small folds such as the one 
shown contain a lamina propria and muscularis mucosae, but lack 
an extension of smooth muscle from the muscularis externa. 

DIGESTIVE SYSTEM 135 



• 
• ,',', .~:. '\. . , '," " . . 

• • • . .., . .', .... 
• . , ',. . .. ' .,~ 

~ . ,,' 

Figure 13.54 

Figure 13.55 

r ,. , . 

• 
, , 

13 
-

\ 
. 
• 

, 

Figure 13.56 

Figure 13.57 

'. 

• 

136 COLOR ATlAS OF VETERINARY HISTOlOGY 

• 
• 

x 62.5 

x 25 

1 
14 

• 

x 12.5 

Figure 13.58 x 62.5 

KEY 

I . Cardiac gland region 9. Muscularis mucosae 
2. Cardiac glands 10. Papilla 
3. Columnar epithelium, II. Smooth muscle of 

stomach muscularis externo 
4. Elastic fiber 12. Stratified squamous 
5. Fundic gland region epithelium, esophagus 
6. Lamina proprio 13. Stratified s~omous 
7. lymphatic vessel epi thelium, erotinized 
8. Mixed glands 14. Vein 

Figure 13.54. Omasum, Sheep. The base of a long fold is shown. 
In addition to the muscularis mucosae, smooth muscle from the 
muscularis externa projects into the center of the fold . 

Figure 13.55. Omasum, Sheep. Portions of two long folds ore 
shown. Numerous small papillae cover the surface of the Folds. 

Figure 13.56. Omasum, Goat (Orcein). The lamina propria of a 
portion of a small papilla contains an extensive nel"work of elastic 
tibers . 

Figure 13.57. Junc~on, Esophagus and Cardiac Gland Region 
of Stomach, Dog. Numerous glands, predominantly mucous with 
a few serous demilunes, occupy the submucosa of the esophagus 
and extend into the cardioc gland region of the stomach of dogs. 

Figure 13.58. Junction, Esophagus and Cardiac Gland Region 
01 Stomach, Dog. Detail of Figure 13.57. The stratified squamous 
epitheli um of the esophagus ends abruptly where the columnar 
epitheli um of the stomoch begins . 
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Figure 13.63 

1. Cardiac glands 
2. Cardiac sphincter 
3. Chief cell 
4. Connective tissue, papilla of 
5. Esophageal glands 
6. Fundic gland region 
7. Fundic glands 
8. Gastric pit 

~ 
,,,,..-12 

KEY 
9. Lamina proprio 

10. Lymphatic nodule 
11. Muscularis mucosae 
12. Parietal cell 

• 

"'n 
x 250 

13. Simple columnar epithelium 
14. Stratified squamous 

epithelium, keratin ized 
15. Submucosa 

Figure 13.59. Junction of Esophagus and Stomach, Dog_ Section 
passes through the cardiac sphincter. 

Figure 13.60. Margo Plicatus, Horse. At the margo plicatus the 
keratinized stratified squamous epithelium of the forestomach 
ends, and the simple columnar epithelium of the cardiac gland re
gion of the stomach begins. 

Figure 13.61 . Cardiac Gland Region, Stomach, Pig. Numerous 
lymphatic nodules characterize the mucosa of the cardiac gland 
region of the pig's stomach. 

Figure 13.62. Light Zone, Fundic Gland Region, Stomach, Dog. 
The light zone of the carnivore's fundic stomach has a thinner mu ' 
coso than the more aboral dark zone. The gastric pits of the light 
zone are comparatively deep, extending, in some cases, to a 
depth equivalent to half the thickness of the mucosa. Compare with 
Figure 13.65. Note that smooth muscle (arrows) of the muscularis 
mucosae of the stomach extends into the lamina propria. 

Figure 13.63. light Zane, Fundic Gland Region, Stomach, Dog. 
Chief and parietal cells form the walls of the fundic glands. Tne 
glands are shown in cross section. 
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Figure 13.64 

Figure 13,65 
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Figure 13.68 x 250 

KEY 
1. Chief cells 9 . Muscularis mucosae 
2. Fundic gland, lumen 
3. Fundic glands 
4. Gmlric pit 

10. Parietal cells 
11. Serosa 
12. Smooth muscle 

5. Lamina propria 
6. Mucosa 
7. Mucous neck cells 

13. Stratum compactum 
14. Stratum granulosum 
15. Submucosa 

8. Muscularis externa 16. Surface mucous cells 

Figure 13.64. Dark Zone, Fundic Gland Region, Stomach, Dog. 
A portion of Ihe stomach wall, including the base of a fold , is 
shown. 

Figure 13.65. Dark Zone, Fundic Gland Region, Stomach, Dog, 
The mucosa of the dark zone of the fundic stomach of carnivores 
is thicker Ihan Ihal of Ihe light zone, The gastric pils are compor· 
atively shallow, extending no farther into the mucosa than one
third of ils thickness, Compare wilh Figure 13.62, 

Figure 13.66. Dark Zone, Fundic Gland Region, Stomach, Dog 
IPAS). The surface mucous cells lining Ihe lumen, cells of Ihe gas' 
tric pils and the mucous neck cells of Ihe glands both contain com' 
plex carbohydrates and are PAS positive Imagenta Slain), 

Figure 13.67. Lamina Subglandularis, Fundic Gland Region, 
Stomach, Cat laid) . A Ihick layer of connective tissue, Ihe stralum 
compactum, and an overlying layer of fibroblasts, the stratum 
granulosum, together form the lamina subglandularis, a structure 
seen consistently in cats and occasionally in dogs. Presumably, the 
lamina subglandularis protects the stomach trom punctures by 
sharp obiects, 

Figure 13.68. Fundic Gland Region, Stomach, Cat. The fundic 
glands have been cut longiludinally, They are formed largely from 
porielol and chief cells. 

, 
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figure 13.73 

1. Adipose tissue 
2. Cardiac glands 
3. Chief cells 
4. Epithelial cells, surface cut 
5. Fundic glands 
6. Gastric pit 
7. Lamina proprio 

KEY 
8. Mucosa 
9. Mucous precursor 

10. Muscularis externo 
11 . Muscularis mucosae 
12. Parietal cells 

, 

• , 
• 
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• 

x 62.5 

13. Simple columnar epithelium 
14. Submucosa 

Figure 13.69. Fundic Gland Region, Stomach, Horse. Note the 
thick mucosa and submucosa. 

Figure 13.70. Junction of the Cardiac and Fundic Gland Re
gions, Stomach, Horse. The mucous glands of the cardiac Bland 
region ore distinct from the parietol ond chief cells of the tundic 
glond region of the stomach. 

Figure 13.71. Fundic Gland Region, Stomach, Horse. A unique 
feature of the surface epithelium of the glandulor stomach is the 
presence of a mucous precursor that fills the apical region of the 
cells. 

Figure 13.72. Fundic Glond Region, Abomasum, Sheep. The 
submucosa shows extensive infiltration by adipose tissue. 

Figure 13.73. Fundic Gland Region, Abomasum, Goat. Porietol 
ond chief cells of the glands are evident. Note the deep gostric 
pits. 
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Figure 13.78 

I . Chiel cell 
2. Gastric pi t 
3. Globula, leukocyte 
4. Lamina propria 
5. Lamina subglandularis 
6. lymphocyte, 
7. Mucous precursor 
8. Muscularis externa 
9. Mu~ularis mucosae 

' 16 - , . • 

KEY 
10. Parietal cell 
II. Pyladc gland 
12. Serosa 

• 

x 62.5 

13. Simple columnar epithelium 
14. Simple columnar epithelium, 

oblique section 
15. Submucosa 
16. Surface mucous cells 

Figure 13.74. Fundic Gland Region, Abomasum, Cow. Parietal 
and chief cells of the fundic glonds. 

Figure 13.75. Mucosa, Pyloric Gland Region, Stomach, Dog 
(PAS). The content of the surface mucous cells and that of the se' 
cretory units of the pyloric glands are PAS positive (magenta 
color). 

Figure 13.76. Surface Mucous Celis, Pyloric Gland Region, 
Stomach, Dog. Columnar cells lin ing the gastric pits and border' 
ing the gastric lumen show typical cup-shaped concentrations of 
mucous precursor in their apical ends. The epithelium contains 
many migrating lymphocytes. 

Figure 13.77. Pyloric Gland Region, Stomach, Cat. Note the 
deep gostric pits. Some extend halfway through the thickness of 
the mucosa. 

Figure 13.78. Mucosa, Pyloric Gland Region, Stomach, Cat. 
Note the presence of deep gastric pits. Some extend to about half 
the depth of the mucosa . 
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Figure 13.82 x 36 

KEY 

f- Junction, pyloric gland 
region and duodenum 

1. Arteriole 
2. Brunner's gland 
3. Crypt of lieberkuhn 
4. Gastric furrow 

7. Muscularis externe 
8. Muscularis mucosae 
9. Pyloric gland 

10. Stratum compactum 
11. Stratum granulosum 
12. Submucosa 

5. Gastric pit 13. Villus of duodenum 
6. lamina propria 

Figure 13.79. Pyloric Gland Region, Stomach, Cat. Basal ends of 
pyloric glands and the stratum granulosum and stratum com
pactum of the lamina subglandularis are present in this section . 

Figure 13.80. Pyloric Gland Region, Abomasum, Goat. Gastric 
furrows and gastric pits can be seen . . 

Figure 13.81. Junc~on, Pyloric Gland Region and Duodenum, 
1.5. , Dog. BrUnner' 5 glands are located primarily in the submucosa 
of the duodenum. They also extend a short distance into the py
loric gland region at the stomach . They occasiona lly break 
through the muscularis mucosae and extend into the lamina pro-

• 
pna. 

Figure 13.82. Junc~on, Pyloric Gland Region and Duodenum, 
I.s., Dog. Gastric pits and mucous glands of the pyloric gland re
gion of the stomach can be seen. Brunner's glands (mucous) occur 
below the interrupted muscularis mucosae. See Figure 13.83 for 
detail of the epithel ium. 
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x 260 

KEY 

1. Central lacteal 
2. Goblet cell 

5. lymphocytes 
6. Striated border 

3. Intestinal absorptive cells 7. Surface mucous cells, stomach 
4. lamina proprio 

Figure 13.83. Junction, Pyloric Gland Region and Duodenum, 
Dog. Note the change in t~e epithelium when it passes from the 
stomach to the duodenum. Trpical columnar surface mucous cells 
of the pyloric gland region a the stomach contrast with the colum
nar absorptive cells and goblet cells of the duodenum. 
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KEY 

1. Artifact 7 . Muscularis mucosae 
2. Brunner's gland 
3. Crypt of Ueberkiihn 
4. Duct 

8. Secretory unit 
9. Serosa 

10. Submucosa 
5. Goblet cell 11. villus 
6. Muscularis externa 

Figure 13.84. Brunner's Gland, Duodenum, 1.5., Dog. Detai l of 
mucous secretory units. The laijer, in the dog, are lined by ta ll 
columnar cells and have la rge lumens. Compare wi th Figure 
13.90. 

Figure 13.85. Duodenum, x.s., Cat. A segment of the wa ll of the 
duodenum is shown . The intestinal vi ll i ot carnivores tend to be 
longer than those of non carnivores. Note the shri nkage artifact at 
the apical ends of the vil li. 

Figure 13.86. Duodenum, Proximal, x.s., Cat (Masson's). Ducts 
o f Brunner' 5 glands penetrate the muscularis mucosae. Brunner's 
glands ore marked off into distinct lobules in the cat. 

Figure 13.87. Duodenum, x.s., Cat (Masson's). The submucosa 
in the cat and dog is a moderately dense irregular connective tis
sue. In other domestic mammals it is a loose connective tissue . 
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Figure 13.92 

KEY 
1. Adipose cell 
2. Adipose tissue 
3. Crypt of Lieberkuhn 
4. Globulor leukocy1e 
5. Lamina propria 
6. Lymphocy1e 
7. Mucosa 

8. Mucous gland 
9. Muscularis externo 

10. Poneth cell 
11 . Secretory unit 
12. Serous gland 
13. Striated border 
14. Submucosa 
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x 125 

Figure 13.88. Epithelium of Villus, Duodenum, Cat. Lymphocytes 
can be seen migrating through the simple columnar epithelium. 
Note the presence of several globular leukocytes. 

Figure 13.89. Duodenum, Horse. Paneth cells are visible in the 
basal portions of the crypts of Lieberkuhn in the small intestine of 
the horse. 

Figure 13.90. Duodenum, Horse. In the horse, Brunner' s glands 
have both mucous and serous components. Note that the lumens 
of the secretory units are small . Compare with Figure 13.84. 

Figure 13.91. Duodenum, Pig. Brunner's glands fill the entire 
submucosa . 

Figure 13.92. Duodenum, Pig. In the pig the lumens of the secre
tory units of Brunner's glands are very small. 
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Figure 13.97 

1. Bri.inner's gland 
2. Crypt oHieberkuhn 
3. Mucosa 
4. Muscularis externa, 

inner circular 
5. Muscularis externa, 

outer longitudinal 

KEY 

x 125 

6. Muscularis mucosae 
7 . Nerve 
8. Secretory unit 
9 . Serosa 

10. Submucosa 

Figure 13.93. Duodenum, 1.5., Cow. Brunner' s glands are pre
sent throughout much of the submucosa of an intestinal fold 
(plical . 

Figure 13.94. Duodenum, Cow. Detail of Brunner' s gland. In the 
cow some gland cells have an acidophilic cytoplasm. The lumens 
of secretory units are large. 

Figure 13.95. Duodenum, x.s., Sheep. The muscularis externa of 
the intestine is arranged into an inner circular and an outer longi
tudinal layer of smoolh muscle. Compore the appearance of the 
muscle layers seen in this cross section with that of the longitudinal 
section oHhe intestine in Figure 13.96. 

Figure 13.96. Duodenum, I.s., Sheep. This section is through the 
muscularis externa. Compare the appearance of the muscle layers 
in this preparation with that in Figure 13.95 . 

Figure 13.97. Duodenum, Goat. Portions of the mucosa and sub· 
mucosa. The lumens of the secretory units of BrUnner' s glands are 
large in the goat. 
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Figure 13.102 

1. Auerbach's plexus 
2. Central lacteal, x.s. 
3. Columnar epithelium 
4. Crypt of Lieberkuhn 
5. Eosinophil 
6. Globular leukocyte 
7. Goblet cell 
8. Intestinal lumen 
9. lamina propria 

10. Meissner's plexus 

x 250 

KEY 
1 1. Muscularis externa, inner circular 
12. Muscularis externa, outer longitu-

dinal 
13. Muscularis mucosae 
14. Nuclei of epithelium cut obliquely 
15. Stratum com pactum 
16. Submucosa 
17. villus 

Figure 13.98. Jejunum l x.s., Dog. A Meissner' 5 plexus is present 
in the periphery of the submucosa. An Auerbach' s plexus is 
wedged between the inner circular and outer longitudinal loyers 
of the muscularis externa. 

Figure 13.99. Jejunum, Dog. A well·developed stratum com· 
pactum is present between the lamina propria and muscularis mu' 
cosae of the small intestine in some cats and dogs. 

Figure 13.100. Jejunum, x.s., Cat. Slender villi and well·defined 
crypts of lieberkuhn are evident . 

Figure 13.101. Jejunum, Cot. Transverse sections of vil li. Central 
locteols are evident in two of them . Migrating lymphocytes are vis
ible within the epithelium . 

Figure 13.102. Jejunum, Cat. Globular leukocytes are present 
a mong the columnar cells lining a crypt of lieberkiihn . Numerous 
eosinophils a re scattered through the lamina propria . 
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Figure 13.107 

L Crypt of Liebe,kuhn 
2 . Eosinophil 

Goblet cell 3, 
4 . Lamina propria 
5 . Lymphatic nodule 
6. Mitotic figure 
7. Mucosa 

..J 

X625 

KEY 

8 . Muscularis externa, inner circular 
9. Muscularis externa, outer 

longitudinal 
10. Muscularis mucosae 
11 . Serosa 
12. Submucosa 
13, V;!Ius 

Figure 13.103. Jejunum, I.s., Horse. All layers ofthe wall are in
cluded in this section. The villi are shorter than those of carnivores . 

Figure 13.104. Ileum, x.s., Cat. A portion of the wall from the lu
men to the serosa is shown. The epithelium of the villi contain nu
merous goblet cells . 

Figure 13.105. Ileum, Dog. Mitotic figu res can be seen in the 
crypts. 

Figure 13.106. Cecum, Tip, Dog. Large lymphatic nodules are 
present in the submucosa. 

Figure 13.107. Cecum, Dog. Numerous goblet cells in the lining 
of the crypts of Lieberkuhn are characteristic of the organ. The ep· 
ithelial cells bordering the lumen in this preparation have under
gone some autolysis and look tattered . 
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Figure 13.112 

I. Adipo~e tissue 
2, Cecal band 
3. Crypt of lieberkuhn 
4. Gablet cell 
5. lamina propria 
6. lymphatic nodule 
7. Mucosa 
8. Muscle band 

9. 
10, 
II. 
12. 
13. 
14. 
15. 
16. 

x 12,5 

KEY 

Muscularis externa, inner circular 
Muscularis mucosae 
Serosa 
Small artery 
Striated border 
Submucosa 
Taenia coli 
Vein 

Figure 13.108. Cecum, Dog. Several crypts of Lieberkuhn appear 
in cross section . A stria ted border is present on the columnar cells. 
Goblet cells are numerous. 

Figure 13.109. Cecal Band, x.s., Horse. A cecal band consists of 
an admixture of smooth muscle {thickened outer longitudinal layer 
of the muscularis external and elastic fibers. Elastic fibers are pre' 
dominant in the bands of both the cecum and the ven tra l large 
colon of the horse, Compare with Figure 13.112. 

Figure 13.110. Cecum, Horse. Veins with bands of smooth mus· 
cle in their walls are common in the submucosa throughout the di· 
gestive tract of the horse. Sim ilar vessels are shown at low magnj· 
fication in Figure 13.109. 

Figure 13.111 . Cecum, Cow. In the large intestine of ruminants 
the crypts of Lieberkuhn are usually tortuous. Adipose tissue is 
abundant in the submucosa . 

Figure 13.112. Taenia Coli, Small Colon, x.s., Horse. The taenia 
col i are thickenings of the outer longitudinal layer o f the museu' 
laris externa . In contrast to the banos of the cecum and ven tral 
large colon, where elastic fibers are predominant, smooth muscle 
predominates in the bands of the small colon and dorsal large 
colon. Compare with Figure 13,109, 
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1. Adipose tissue 
2. Anal conal 
3. Malglands 
4. Anal ~c 
5. Circumanal glands 
6. Crypt of lieberkuhn 
7. Epidermis 
8 . External anal sphincter 
9 . Glands of anal ~c 

10. Goblet cell 
11. lamino propria 

KEY 

12. Muco~ 
13. Muscularis e.xterna, inner 

circular 
14. Muscularis externa, outer 

longirudinal 
15. Muscularis mucosae 
16. Recrum 
17. Striated border 
18. Submuco~ 
19. Taenio coli 

7 

Figure 13.113. Taenia Coli, Colon, x.s., Pig. The muscular taenia 
coli is formed from the outer longitudinal layer of the muscularis 
externa. The submucosa is infiltrated with fat. 

Figure 13.114. Spiral Colon. x.s., Goat. The mucosa contains 
bOth tortuous and straight crypts of Lieberkohn. The muscularis ex' 
terna shows an abrupt thickening of its inner circular layer and 
outer longitudinal layer. 

Figure 13.115. Spiral Colon, x.s., Goat. The columnar epithelial 
cells have a distinct striated border. 

Figure 13.116. Rectum, x.s., Cat. The epithel ium of the rectum 
presents a flat, uniform surface. 

Figure 13.117. Rectoanal Junction, 1.5., Dog. Note that the anal 
glands mark the junction {arrow} of the rectum and anal conal. 
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Figure 13.122 

I. Anal gland 
2. Apocrine tubular gland 
3. Circumanal gland 
4. Crypt afLieberkuhn 
5. Debris in anal $Oe 
6. External anal sphincter 
7. Keratinized epithelium of 

anal sac 

KEY 

8. Mucosa 
9. Muscularis externa, inner 

circular 
10. Sebaceous gland 
11. Stratified squamous 

epithelium 

x 62.5 

Figure 13.118. Rectoonal Junction, I.s., Dog. Note the change 
between the stratified squamous epithelium of the anal conal and 
the crypts of Lieberkuhn of the rectal mucosa. Note also that anal 
glands are located in the submucosa and are scattered among the 
smooth muscle of the internal anal sphincter {inner circular layer 
of the muscularis external, See Figure 13.117 for orientation. 

Figure 13.119. Anal Glands, Dog. Section is through the secre' 
tory units of an anal gland. 

Figure 13.120. Glands of the Anal Soc, Dog. A small portion of 
the wall of an anal sac and the secretory units of some of the 
glands of the anal sac are shown. See Figure 13.117 for location. 

Figure 13.121. Anal Soc, Cat. About one' half of the wall of an 
anal sac is shown. 

Figure 13.122. Glands of the Anal Soc, Cal. Portions of these 
glands are shown adjacent to the skeletal muscle of the external 
anal sphincter. The presence of sebaceous glands in this location 
is a characteristic of the cat. 
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Figure 13.127 

KEY 
1. Circumanal gland, nonsebaceous 
2. Circumanal gland, sebaceous 
3. C')'pt ofLieberkuhn 
4. Goblet cell 
5. Hair follicle 
6. Keratinized epidermis 
7. Lamina propria 

8. Sebaceous gland 
9. Simple columnar 

epithelium 
10. Skeletal muscle 

x 62.5 

11 . Stratified squamous 
epithelium 

12. Stratum granulosum 

Figure 13.123. Anal Canal, I. •. , Dog. Junction of the keroti nized 
and non keratinized regions of the anal canal. The stratum granu~ 
Iosum of the keratinizea region stops abruptly at the junction. 

Figure 13.124. Circumanal Gland., Dog. Numerous nonseba· 
ceous portions of circumanal gla nds are present subcutaneously 
among the skeletal muscle of the anal sphincter. These nonseba
ceaus portions a re ohen called hepataid glands because their cells 
resemble hepatocytes. 

FiBure 13.125. Circumanal Gland, Dog. Deta il of a part of one 
ot the glands. The lower, non sebaceous portion of these glands is 
more acidophilic than the upper, sebaceous portion . 

Figure 13.126. Rectoanal Junction, I.s., Horse. The stratified 
squamous epithelium of the anal canal contrasts with the recta l 
mucosa. 

Figure 13.127. Rectoanal Junction Horse. The abrupt change 
between the stra ti fied squamous epithelium of the anal cana l and 
the simple columnar epithelium of the rectal mucosa is apparent. 
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Figure 13.132 x 900 

KEY 

I. Bile canaliculus, I.s. B. Lobule (portion ofl 
2. Bile canaliculus, x.s. 9 . Lym1hotiC vessel 
3. Bile ductule 10. Nuc eus of hepatocyte 
4. Central vein, l.s. 11. Portol vein, bronch 
5. Central vein, x.s. 12. Serosa 
6. Hepatic artery, branch 13. Sinusoid 
7. Hepolocyle 

Figure 13.128. Liver, Cat. Transverse and longitudinal sections 
through the central veins of two classic lobules. 

Figure 13.129. Liver, Cat. Transverse section through a classic 
lobule. Sinusoids empty into the central vein . Hepatocytes radiate 
as hepatic plates from the central vein . 

Figure 13.130. Liver, Cat. The portal tract in th is section includes 
a branch of the hepatic portal vein and hepatic a rtery, bile duc
tu le, and lymphatic vessel. 

Figure 13.131. Liver, Horse. A portal tract is althe intersection of 
three classic lobules. Branches of the portal vein can be seen ex
tending between the lobules. 

Figure 13.132. Liver, Cat (Masson's'. Sections through various 
bile canaliculi are evident in this section . 



Figure 13.133 x 250 

Figure 13.134 x 250 

Figure 13.135 x 25 
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Figure 13.137 x 250 

KEY 
1. Bile duct 
2. Binucleate hepatocyte 
3. Capsule of Glisson 
4. Central vein 

7. Hepatocyte 
8. Kupffer cell 
9. Mesothelium 

10. Portal tract 
5. Connective tissue, partition of 
6. Goblet cell 

11. Portol vein, bronch 
12. Sinusoid 

Figure 13.133. Liver, Horse. A sinusoid joins with a branch of the 
portal vein. 

Figure 13.134. Liver, Horse. Section is through mesothelial cells 
and connective ti ssue of the capsule of Glisson surrounding the 
liver. Together, the mesothelial cell s and the capsule of Glisson 
comprise the serosa. 

Figure 13.135. Liver, Pig. Classic lobules are clearly separated 
from one another by partitions of connective tissue in the pig. 

Figure 13.136. Liver, Pig. Particulate-laden Kupffer cells within 
sinusoids of a classic lobule ore evident in this section . Binucleate 
hepatocytes can also be seen. 

Figure 13.137. Liver, Goat. A large bile duct with columnar ep
ithelium and goblet cell s. 
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Figure 13.141 

Figure 13.142 

1. Adventitia 
2. Dark cell 
3. Epithelium 
4. Gallbladder, lumen 
5. Gablet cell 
6. 
7. 

Lamina rroprio 
Light eel 
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x 250 
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, 

x 125 

8. liver 
9. Mucosa 

10. Mucous acinus 
11 . Muscularis 
12. Serous acinus 
13. Striated border 

Figure 13.138. Gallbladder, Dog. A portion of the wall showing 
the highly folded mucosa. 

Figure 13.139. Gallbladder, Dog. Epithelial lin ing with light and 
dark columnar cells. 

Figure 13.140. Gallbladder and Liver, Pig IMasson's). Section 
shows a portion of the liver and gallbladder. 

Figure 13.141. Gallbladder, Goat. Portion of a mucosal fold 
showing goblet cells in the epitheli um . 

Figure 13.142. Gallbladder, Goat. Mixed glands occur within 
the wa ll of the gallbladder of ruminants. 
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Figure 13. 147 x 250 

KEY 

1. A cells 9. Dork cell 
2. Acinar cells 10. Goblel cell 
3. Acinus 11 . Intercalated duct, I. s. 
4. Anastomotic artery 
5. B cells 

12. Intercalated duel, x.s. 
13. Interlobular duct 

6. Capillary 
7. Centroocinor cell 
8. Connective tissue, septum of 

14. Islet of Langerham. 
15. lighl cell 
16. Muscularis 

Figure 13.143. Cystic Duct, Pig. The epilhelium is composed of 
light cell s, dark cells, and goblel cell s. 

Figure 13.144. Pancreas, Horse. The organ is divided into lob
ules by septa of connective tissue. Most ot the pancreas is formed 
from exocrine acinar cells. Islets of langerhans are scattered 
through the exocrine region of Ihe gland. 

Figure 13.145. Pancreas, Horse. Portions of two lobules showing 
acinar cells, interlobular ducts , and intercalated lintralobular) 
ducts. 

Figure 13.146. Pancreas, Horse. An islet of Langerhans with 
some surrounding exocrine acini. In the horse the darker, A cells 
are located in Ihe cenler of the islel, while the lighter B cells are po
silioned in Ihe periphery. Compare wilh Figure 13.150. NOle Ihe 
numerous capillaries among cords of islet cells. 

Figure 13.147. Pancreas, Dog. Delail of acini and inlercalaled 
ducts. Note acidophilic apical regions and basophilic basal re
gions of the acinar cells. 
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Figure 13.152 x 62.5 

KEY 
1. Acell 
2. Acinus 

7. Hyaline cartilage 
8. Intercalated duct 

3. B cells 
4. Centroocinar cell 
5. Duct 
6. Goblet cell 

9. Islet of Longerhons 
10. Salivary gland 
11 . Strati fied squamous epithelium 
12. T osle bud 

Figure 13.148. Pancreas, Pig. An interlobular duct with goblet 
cells interspersed among the epithelia l cells of the duct. 

Figure 13.149. Pancreas, Cow (Masson's). An intercalated duct 
enters an acinus. 

Figure 13.150. Pancreas, Sheep (Masson's). In ruminants darkly 
stained A cells are located at the periphery of the islets of Langer
hans, while light-staining B cells a re centrally located . Compare 
with Figure 13.146. 

Figure 13.151. Tongue, Tip, I.s., Chicken. The upper surface of 
the tong ue is covered by a thick stratified squamous epithelium, 
which is keratin ized near the tip. The stratified squamous epithe
lium of the lower surface is thinner and also keratinized rostrally. 
The tongue is supported by hyaline cartilage rostrolly. The ducts of 
salivary glands (mucous) open at the lower surface. 

Figure 13.152. Taste Bud, Tongue, Base, Chicken. A taste bud 
(characteri stica lly large and scarce in the chicken) can be seen 
closely associated with the duct of a salivary gland. For detail of 
the taste bud see Figure 13.153. 
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KEY 
1. Gland 10. Proventriculus, lumen 
2. Intercellular space 11. Secondary dud 
3. Lamina propria 
4. Mucous gland 
5 . Muscularis externo 

12. Serosa 
13. Stratified squamous epithelium 
14. Submucosa 

6. Muscularis mucosae 15. Sulcus 
7. Plica 16. Taste bud cell 
8. Pore 
9. Primary duct 

17. Tertiary duel 

Figure 13.153. T asle Bud, Chicken. Detail of the taste bud seen 
in Figure 13.152. Its cells stain lightly with eosin . Numerous 
spaces occur between cells. A taste bud pore is visible . 

Figure 13.154. Esophagus, x.s., Chicken. The esophagus is lined 
by a thick nonkeratinized stratified squamous epithelium. Mucous 
glands occur in the lamina propria. The submucosa is sparse. 

Figure 13.155. Crop, Chicken. The crop is a diverticulum of the 
esophagus. Unlike the laHer, it lacks mucous glands, except close 
to its junction with the esophagus. 

Figure 13.156. Proventriculus IGlandular Stomach), x.s., 
Chicken. The submucosa contains lobules of compound tubular 
glands that are arranged around a central, secondary duct. A pri
mary duct, which drains several lobules, opens through a raised 
mucosal papilla . 

Figure 13.157. Proventriculus, x.s., Chicken. A magnified view 
of Figure 13.156 shows that the mucosa of the papilla is arranged 
into folds Iplicae) covered by columnar cells, and depressions 
Isulci) lined by shorter cells. A primary duct, lined by columnar 
cells, ioins the lumen of the proventriculus . 
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1, Basal cell 
2, Chief cell 
3. Gastric gland 
4. Gastric pit 
5, Gland cell 
6. Keratinoid 
7. Lamina proprio 
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8. Muscularis externo 
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10. Submucosa 
11. Surface epithelium 
12. Tertiary duct 
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Figure 13.158. Proventriculus, x.s. , Chicken. A tertiary duct 
branching from the secondary duct leads into a glandular unit, 
The glandular epithelial cells vary from simple cuboidal to low 
columnar and contain a grainy secretory material. These cells se
crete both pepsinogen and Hel. 

Figure 13.159. Ventriculus (Gizzard), Chicken. The pink, thick 
layer of keratinoid that lines the ventriculus is produced by 
branched tubular gastric glands in the lamina propria. The sub
mucosa and a portion of the smooth muscle layers of a thick mus' 
cularis externa are shown. 

Figure 13.160. Ventriculus, Chicken. Keratinoid lines the mu
cosal surface and fills the lumen of the gastric pits and glands. The 
cells of the surface epithelium are low to toll columnar. The cells 
decrease in height as they extend into the gastric pits. Flattened 
cells (chief cells) line the upper and mid-regions of the tubular ~as' 
tric glands seen in this micrograph. Branching of some or the 
glandS is evident . 

Figure 13.161 . Ventriculus, Chicken. The flanened chief cells lin
ing the mid-portion of the gastric glands become cuboidal to low 
columnar in the fundus of the gland. A few, large basal cells with 
pale nuclei and pale cytoplasm occur in the fundus of the glands. 
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5. Serosa 
6 . Submucosa 
7. V;Uus 

Figure 13.162. Duodenum, x.s., Chicken. Lymphatic tissue Idif· 
fuse and nodular) in the duodenum dose to the stomach. 

Figure 13.163. Duodenum, x.s., Chicken IMaliory' 5) . The serosa 
is thick. The submucosa is characteristically sparse . 

Figure 13.164. Ileum, x.s., Chicken. v illi are long and slender 
wi th numerous goblet cells. The submucosa is thin. 

Figure 13.165. Cecum, Tip, I.s., Chicken. In the tiR of the cecum, 
villi are short and broad . Compare Figure 11 .51 of the cecal ton ' 
sil. 

Figure 13.166. Large Intestine, x.s., Chicken. villi are present in 
the chicken's large intestine . 
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KEY 

I . Cloocallip, dorsal 
2. Cloacal lip, ventral 
3. Coprodeum 
4. Crypt afLieberkuhn 
5. Herbst corpuscle 
6. lymphatic nodule 
7. Lymphoglandular ridge 
8. Proctodeum 

9. Simple columnar epithelium 
10. Skeletal muscle 
11. Smooth muscle 
12. StratiRed squamous 

epithelium 
13. Tubular gland 
14. Urodeum 
15. villus 

Figure 13.167. Cloaca, I.s., Chicken. The cloaca is subdivided 
into three regions: the coprodeum, urodeum, and proctodeum. 
The large intestine is continuous with the coprodeum . The ureters 
and genital ducts terminate in the urodeum. The terminal proc~ 
todeum opens to the exterior through the cloacal lips. 

Figure 13.168. Coprodeum, Cloaca, Chicken. The mucosa of the 
coprodeum is thrown into short, flat vi ll i. Shallow crypts of 
Lieberkuhn open at their bases. Simple columnar epithelium cov· 
ers their surface. 

Figure 13.169. Cloaca, I.s., Chicken. Branched tubular glands 
(modified crypts) form a port of the Iymphoglondulor ridge of Jolly 
located in the dorsal proctodeum. The epithelium of the ridge con
sists of tall columnar cells . A portion of the stratified squamous epA 
ithelium of the inner surface of the ventra l cloacal lip can be seen . 

Figure 13.170. Cloaca, I.s., Chicken. A large Herbst corpuscle 
lies beneath the stratified squamous epithelium of the cloacal lip. 
These corpuscles occur, typically, close to the loner's point of iunc
lure with the simple columnar epithelium of the proctodeum . 
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1. A cells 6. Erythracytes 
2. Acinus 
3. B cells 
4. Capillary 
5. Central vein 

7. Hepatacyte 
8. lobule, margin of 
9. Reticular Rbers 

10. Sinusoid 

Figure 13.171. Liver, Chicken. Central veins of several lobules 
are evident. One lobule is indicated by a dashed line. 

Figure 13.172. Uver, Chicken. Sinusoids can be seen entering a 
central vein. Radiating plates of hepatocytes are two cells thick in 
the chicken . 

Figure 13.173. Liver, Chicken ISilver). The wall of a central vein 
and surrounding cords of hepatocytes (whose cellular features are 
indistinct in this preparation) are supported by a network of retic
ular fibers that have been blackened with silver. 

Figure 13.174. Pancreas, Chicken. Numerous portions of tubu' 
Ioodner serous glands surround an alpha islet at Langerhans. Al
pha islets consist primarily of columnar A cells and a few D cells 
and are larger than beta islets. Erythrocytes in capillaries can be 
seen between cords of islet cells. 

Figure 13.175. Pancreas, Chicken. Beta islets contain polygonal 
B cells and some D cells and are smaller than alpha islets. 
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LS 
he urinary system of ma mmals is comprised o f the paired kidneys, renal pelvises, 
ureters, urinary bladder, and urethra. 
The kidneys are highly vascularized, compound tubular glands that function to 

maintain the compositio n of body fluids at a constant level and to remove excretory 
wastes . Each kidney is surrounded by a capsuJe o f co nnective tissue, which may contain 
a distinct layer of smooth muscle in its deepest portion, as in the cow, sheep, and goat. 
Both the cortex and medullary regions of the kidney are fo rmed principa lly of numerous, 
closely packed, uriniferous tubules. The spaces between tu bules a re mainl y occupied by 
an extensive capillary network. The correx and medulla are arranged into one or more 
pyramidal configurations called renal pyramids; the apex of each pyramid is called a re
nal papilla . In the cortex, groups of radia lly arranged tu bules fo rm the pars radiata (cor
tica l ray or medulla ry rays), consisting of collecti ng tu bules and straight portions of 
nephrons. The pars convoluta (cortica l labyrinth) are located between the rays and con
sist of renal corpuscles and numerous proximal and dista l convoluted tubules. The prox
imal convoluted tubules are longer than the distal convoluted tubules and comprise the 
ma jor portion of the cortex. Proximal convoluted tu bules are distinguished by the brush 
borders of their epithelial cells and the somewhat scalloped appearance of the apica l sur
face of their cells when the latter a re seen in profile. Dista l convoluted tubules have a 
smooth internal surface, and their cells lack a brush border. 

Filtrate processed by the nephrons is passed to collecting tubules, which open ei ther 
directl y or indirectl y via calyces into the renal pelvis through papillary ducts at the ti p of 
a renal papilla . The epithelial cells o f the collecting tu bules a re pa le and va ry from 
cuboidal nea r the distal tubules to columnar close to the papilla . Cell boundaries are nor
ma lly clearly defin ed compared with the cells of the proximal and dista l convol uted 
tubules. As they progress towatd the renal papi lla, the collecting tubules become wider. 
The terminal portion of these rubu les is lined by a columnar or pseudostrati fied epithe
lium and is ca lled the papillary duct. 
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Each renal corpuscle consists o f a Bowman's capsule 
and glomerulus. The outer layer o f Bowman 's capsu le is the 
capsular (parietal ) epithelium, a simple squamous la yer. 
The inner layer is the glomerular (v iscera l) epithelium. It is 
formed from highly branched podocytes that surround the 
capi llary loops of the glomerulus. In most histologic prepa
rations made for light microscopy, it is no t possible to dis
tinguish podocytes from the adjacent endothelial ce lls of 
the capillary loops. The caviry between the capsular and 
glomeru lar layers is the urinary space. The latter is contin
uo us with the lumen of a prox imal convoluted tubule at the 
urinary pole of each corpuscle. At the opposite, vascular 
pole an afferent and efferent arteriole unite with the capi l
la ries of the glomerulus. A portion o f the distal convoluted 
tubule is positioned between the afferent and efferent arte
rioles. The macula densa of the juxtaglomerular apparatus 
forms a part of the wall of the distal convoluted tubule in 
this region . Each macu la is composed of closely grouped 
epithelial ce lls and is easi ly identified by the tightly packed 
nuclei of these cells. Juxtaglomerular cells a re modified, 
cells of smooth muscle in rhe wa lls of afferent arterioles 
close to the glomerulus. They have an epithelioid appear
ance when seen in cross section. 

The medulla of each kidney is formed from collecting 
tubules, tllick and thin segments of the loops of Henle, and 
numero us vasa rectae. Thick descending portions of 
Henle's loop are continuations of the proximal convoluted 
tubules and are located close to the corticomedullary junc
tion. They are straight tubules whose cells are lined by a 
brush border. Each thick descending tubule joins abruptly 
w ith a thin segment whose wa ll is formed from flattened 
cells with round, bulging nuclei . The straight, thick as
cending portion of each loop resembles the distal convo
luted tubule w ith which it is continuous. 

The walls of the renal pelvis, ureter, urinary bladder, 
and urethra include a mucosa, muscularis of smooth mus
cle, and adventitia. A submucosa may be present. The lin
ing of the mucosa is almost excl usively transitional epithe
IiUln. The hilus region, between the capsule of the kidney 
and the outer wa ll of the renal pelvis, contains loose con
nective tissue and ad ipose tissue. 

The mucosa of the ureter presents a folded appearance. 
Its transitional epithel ium is separated from the muscularis 
by a lamina propria . Tubuloalveolar mucous glands occur 
in the lamina propria of the first several centimeters o f the 
ureter of the horse. A subm ucosa is lacking in the ureter. 
The muscularis consists of inner longitudinal, middle cir
cular, and outer longitudinal layers. An adventit ia of loose 
connective tissue surrounds the muscularis. 

The transi tional epithelia l cells of the urinary bladder 
become fl a ttened when the bladde" is distended with urine. 
A lamina propria and submucosa are present. Usually, 
there is a thin muscularis mucosae between these la yers. 
The muscu laris, external to the submucosa, is composed of 
an outer and inner longitudinal and a thick middle circular 
layer. The inner and outer longitudinal layers may be in
complete in some areas. Much of the bladder (body and 
apex) is covered by a serosa. An adventitia of loose con
nective tissue is present at the neck of the bladder. 
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CHICKEN 
The urinary system of the chicken consists o f large, elon
gated, paired kidneys. Ureters drain each kidney and open 
into the urodeum of the cloaca. There is no renal pelvis or 
urinary bladder in the bird. Each kid ney is partitioned in to 
a cranial, middle, and caudal subdivision. Each subdivision 
is comprised of lobules. A lobule consists of a large cortical 
and a smaller medullary component. All of the lobu les that 
drain into a single branch of the ureter constitute a lobe. 

There are two types of nephrons. The cortical (reptil 
ian ) type is more numerous and lacks a loop of Henle. It is 
located entirely with in the cortex. The other is the less nu
merous medullary (mamm a lian ) type. It has a loop of 
Henle (also called a medullary loop), which extends into 
the med ull a. Cortical nephrons are arranged radially 
a round central (intra lobu lar) veins of the cortex. Their re
nal corpuscles lie approximately midway between the in
tralobular vein and a peripheral interlobular vein. The cor~ 
tical nephron has a smaller renal corp uscle than the 
medullary nephron . The large renal corpuscles of 
med ullary nephrons lie close ro the medulla. O ther than 
size, there is no structural difference between small and 
large renal corpuscles. Each glomeru lus contains a compact 
mass of mesangial cells (small cells with large nuclei) at its 
center. The mass appears basophilic because o f the rela
tively high concentratio n of nuclear material. A layer of 
podocytes, with large round or oval nuclei , covers the sur
face of the glomerular capillaries, forming the glomerular 
epithelium of Bowman's capsule. The capsular (parietal ) 
layer of Bowman's capsule consists of a simple squamous 
epithelium. Juxtaglomerular cells and a macula densa are 
associated with the renal corpuscle at its vascular pole. 

Genera lly, cortical tissue located between renal cor
puscles and interlobu lar veins consists mainly of prox imal 
convoluted tubules, and that located between renal cor~ 
puscles and intralobular veins is comprised o f distal convo~ 
luted tubules. Cells o f proximal convoluted tubules are low 
columnar and have a well-developed brush border. Distal 
convoluted tubules are shorter than proxjmal convoluted 
tubules. Their cuboida l ce lls lack a brush border, but rhe 
apex may form a projecting bleb o f clear cytoplasm that 
fills much of the lumen. In cortical nephrons a shorr inter
mediate tubule (which is w ithout a brush border, and 
wh ich is about half the diameter of a distal convoluted 
tubule) conn ects proximal convoluted tubules ro distal con
vol uted tubules. In medullary nephrons long or short 
Henle's (med ull ary) loops con nect proximal convoluted 
tubules ro distal convoluted tubules. The thin segment of a 
medullary loop form s on ly a part o f the descending limb. 
Hence, thin segments are less numerous than either thick 
descending or thick ascending portions of the loop. The di
ameter of a thin segment is about one-ha lf that of a thick 
segment. The cells of the thin segment are cuboida l and do 
not stain as intensely as the cuboidal cells of the thick seg
ments. Apica l cytoplasmic blebs of the cells of the thick seg
ments project into the lumen. Collecting tubules occur in 
the more periphera l parts of the cortex. They are lined by 
pale cells with cuboida l to low columnar shape and are in-



termediate in size between proximal convoluted and dista l 
convoluted tubules. Collecting tubules join dista l convo
luted tubules to perilobular collecting ducts. The latter 
unite with those of other lobules to form medullary tracts, 
each of which is surrounded by a thin, capsu le of connec
tive tissue. Tracts group together to form a medullary cone. 
Each cone terminates in a single branch of the ureter. Cones 
and tracts contain thin and th ick segments of medullary 
loops, in addition to collecting ducts. The lining epithelium 
of the smallest collecting ducts is simple cuboida l. It grad
uall y becomes simple co lumnar and finally changes ro 
pseudostratified columnar in the proximity of the ureteral 
branch. 

The ureter of the cnicken is a muscular duct about 2 
mm in diameter. Its wall consists of a mucosa, muscularis, 
and adventitia . It is genera ll y lined by a pseudostratified 
columnar epithel ium. The majority of cells are tall with a 
lesser number of cuboidal cells lying close to the basement 
membrane. The apices of the columnar cells contain nu
merous vacuo les filled with mucus. Beneath the epitheli um 
is a thick la yer of loose connective tissue containing vary
ing amounts of diffuse lymphatic tissue and, sometimes, a 
lymphatic nodu le. The muscularis consists of an inner lon
gitudinal and outer circular layer of smooth muscle. A third 
outer longitudinal layer is present near the cloaca. The ad
ventitia consists of a layer of loose cOlmecrive tissue. 
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KEY 
1. Adipose tissue 
2. Capsule 
3. Medulla 

4. Pars convoluta 
5. Pars radiate 
6. Renal corpuscle 

Figure 14.1, Cortex and Portion of Medulla, Kidney, Dog, Renal 
corpuscles are limited to the cortex. 

Figure 14.2. Cortex, Kidney, Dog (Masson's). Pars radiata alter· 
nate with the pars convoluta. 
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Figure 14.4 x 250 
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Figure 14.6 x 250 

KEY 

,. Capsular epithelium 
2. Capsule 
3. Collecting tubule 
4. Connective tissue 

7. Glomerular epithelium 
8. Macula dense 
9. Proximal convoluted tubule 

10. Smooth muscle 
5. Distal convoluted tubule 
6. Fat vacuole 

11. Subcapsular vein 
12. Urinary space 

Figure 14.3. Capsule and Superficial Cortex, Kidney, Cat. The 
capsule consists entirely of connective tissue in the cat. 

Figure 14.4. Capsule, Kidney, Sheep. The inner portion of the 
capsule of ruminants contains a distinct layer of smooth muscle. 
Smooth muscle is also present in the capsule of the dog, horse, and 

• pig. 

Figure 14.5. Renal Corpuscle, Kidney, Puppy. In young animals 
the podocytes of the glomerular epithelium hove round to oval nu' 
clei . 

Figure 14.6. Renal Corpuscle, Kidney, Cat. Cells of the proximal 
convoluted tubules of the cat contain numerous fat vacuoles. A 
macula densQ, consisting of closely packed cell s, forms a portion 
of the wa ll of the distal convoluted tubule adjacent to the vascular 
pole of the renal corpuscle. 
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KEY 
1. Afferent arteriole 
2. Brush border 

6. Juxtaglomerular cells 
7. Macula densa 

3. Capsulor epithelium 
4. Collecting tubule 
5. Distal convoluted tubule 

8. Proximal convoluted tubule 
9. Urinary space 

Figure 14.7. Cortex, Kidney, Horse. Portions of three renal cor· 
puscles, each with an accompanying macula densa, are present. 
In the horse the macula densa commonly consists of a stratified 
layer of cell s. 

Figure 14.8. Cortex, Kidney, Horse. A collecling lubule wilh 
clearly defined cells and 0 smooth li ning can be contrasled wilh 
proximal convoluted tubules whose cells possess a brush border of 
microvil li. 

Figure 14.9. Cortex, Kidney, Pig. The junction of a proxima l can' 
voluted tubule with the capsule of a renal corpuscle is shown . 

Figure 14.10. Afferent Arteriole, Kidney, Pig. An afferent arteri· 
ole, with juxtaglomerular cells, is entering a glomerulus. The jux' 
taglomerular cells are epithelioid. Note that a macula densa bor
ders the afferent arteriole . 
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1. Adipose tissue 
2. Afferent arteriole 
3. Cavity of renal pelvis 
4. Collecting tubule 
5. Collecting tubule, 

surface cut 
6. Efferent arteriole 
7. Macula dense 
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8. Papillm)' duct 
9. Proximal convoluted tubule 

10. Renal papilla 
11. Thick ascending, Henle's loop 
12. Thick descending, Henle' s loop 
13. Thin segment, Henle' s loop 
14. Urinary space 
15. Vasa recta 

Figure 14.11. Afferent and Efferent Arterioles, Kidney, Pig. 
Junction of a glomerulus with an afferent arteriole. A macula 
dense parallels the afferent arteriole. 

Figure 14.12. Pars Radiata, I.s., Cortex, Kidney, Horse. The 
component tubules of a medullary roy include collecting tubules, 
as well as thick descending and thick ascending portions of the 
loop of Henle . 

Figure 14.13. Renal Papilla, Kidney, Dog. Papillary ducts open 
onto the tip of a renal papilla. 

Figure 14.14. Medulla, Kidney, Dog. Nuclei of the cells lining the 
thin segment of Henle' s loop are rounded; those of endothelial 
cells of the vasa recto are Hanened and more darkly stained. 

Figure 14.15. Medulla, Kidney, Horse. Various portions of 
uriniferous tubules appear in transverse section . 
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1. Cavity of renal pelvis 
2. Collecting tubule 
3. Popillory dud 
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4. Thick ascending, Henle's loop 
5. Thin segment, Henle's loop 
6. Vasa recta 

Figure 14.16. Medulla, Kidney, Caw (Trichrome). Longitudinal 
sections of vasa rectae and portions of uriniferous tubules. The 
vasa rectae are fi lled with red blood cells (stained orange). 

170 COLOR ATLAS OF VETERINARY HISTOLOGY 

Figure 14.17. Renal Papilla, Kidney, Goat. Papillary ducts near 
the tip of a renal papilla are lined by transitional epithelium. 
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1. Adventitia 
2. Collecting tubule 
3. Erythrocyte, 
4. Lamina propria 

7. Papillary duct 
8. Reticular fiber 
9. Thin segment, Henle's loop 

10. T ransilional epithelium 
5. Mucous connective tissue 11 . Vasa recta 
6. Muscularis 

Figure 14.18. Medulla, Kidney, Goat. A papillary duct, I.s ., 
some distance away from the apex of the papilla, is lined by 
columnar cells. A thin segment of Henle's loop parallels the duct . 

Figure 14.1 9. Medulla, Kidney, Goat (Silver). The collecting 
tubules are encircled by reticular fibers (stained black). The fibers 
provide a supportive framework for other portions of the urinifer
ous tubules as well. 

Figure 14.20. Urachus, Umbilical Cord, Cow. The urachus (ai, 
lantaic stalk) is lined by a transitional epi thelium. A portion of the 
lining is shown. 

Figure 14.21. Ureter, x.s., Cat (Masson's). The middle circular 
layer of smooth muscle of the muscularis is most evident. Inner and 
outer longitudinal layers are present but sparse in this section . 
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I. Capillary 
2. Lamina propria 
3. Mucous gland 
4. Muscularis 

5. Muscularis mucosae 
6. Submucosa 
7. Transitional epithelium 

Figure 14.22. Ureter, x,s., Horse (Masson's). The proximol (on· 
terior) portion of the horse' 5 ureter contains tubuloalveolar mucous 
glands. 

Figure 14,23. Ureter, x.s" Horse. Distally (posteriorly), the 
horse' 5 ureter lacks mucous glands. The muscularis consists of an 
inner longitudinal, middle circular, and outer longitudinal layer of 
smooth muscle. 

Figure 14.24. Urinary Bladder, Pig. The mucosa to a portion of 
the muscularis is shown. Scattered muscle cells of the muscularis 
mucosae are located adjacent to the lamina propria. 

Figure 14.25. Urinary Bladder, Cow. The bladder contains a 
muscularis mucosae between the lamina propria and submucosa. 
Only a portion of the thick muscularis is shown. 

Figure 14.26. Urinary Bladder, Goat. Numerous capillaries are 
located beneath the transitional epithelial lin ing of the bladder of 
ruminants . 
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1. Cortex 5. Proximal convoluted tubule 
2. Distal convoluted tubule 
3. Intralobular vein 
4. Medullary cone 

6. Renal corpuscle, large 
7. Renal corpuscle, small 

Figure 14.27. Kidney, Chicken. Cortical parenchyma and par· 
tian of a medullary cone are shown. An intralobular vein and both 
cortical (small I and medullary (largel renal corpuscles are appar' 
ent. 

Figure 14.28. Kidney, Chicken. A portion of a medullary cone is 
surrounded by cortical lobules. The intralobular veins 6f two corti· 
cal lobules are clearly represented. 

Figure 14.29. Cortex, Kidney, Chicken. An intralobular vein is 
surrounded by cortical ti ssue. Distal convoluted tubules are located 
mainly in the region of the intralobular vein. 
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Figure 14.30 x 360 

Figure 14.31 x 250 
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Figure 14.32 

1. Collecting duct 
2. Collecting tubule 
3. Distal convoluted tubule 
4. Erythrocytes 
5. Gfomerular epithelium 
6. lymphatic tissue 
7. Mesangiol cells 
8. Muscularis, inner layer 

KEY 
9. Muscularis, outer layer 

10. Proximal convoluted tubule 
11. Pseudostratified epithelium 
12. Serosa 
13. Thick ascending, Henle' s 

loop 
14. Thin segment, Henle's loop 
15. Urinary space 

• • 

x 90 

Figure 14.30. Cortex, Kidney, Chicken. In the chicken the 
glomerular epitheli um is composed of podocytes that have large, 
round or oval nuclei. The center of the glomerulus contains a com
pact moss of mesangial cells. 

Figure 14.31. Medullary Cone, Kidney, Chicken. Various par' 
tions of uriniferous tubules (medullary type) are evident. Cells lin' 
ing the thick ascending portions of Henle's loop show characteris
tic clear cytoplasmic blebs. A small portion of the cortex 
containing a proximal convoluted tubule can be seen on the upper 
right side. 

Figure 14.32. Ureter, x.s., Chicken. The lamina propria is infil· 
trated with lymphocytes. Outer circular and inner longitudinal lay· 
ers of the muscularis are distinguishable. The epithelium is pseu
dostrati fied columnar. 



MAMMALS 
ir fl ows from the nostrils through a system of passages to the respiratory surfaces 
of the lungs. As it progresses, it becomes warmed, humidified, and cleansed of 
some of its particulate matter. Dust, which finds its way ro the alveoli, is ultimately 

consumed by macrophages patrolling the tiny cul-de-sacs. T he major components of the 
air-passage system arc the nasal cavity, pharynx, larynx, trachea, bronchi, and the vari
ous smaller subdivisions of the bronchial tree leading [Q the alveoli . 

Air from the naris enters the vestibule, the first part of the nasa l cavity. The vestibule 
is lined by a stratified squamous epithelium, which is continuous with the skin externally 
and with rhe respiratory portion of the nasal cavity internally. In rhe horse hairy skin con
tinues into the vestibule. A lamina propria and unde rl ying submucosa support the 
vestibular epithelium. 

The respiratory portion of the nasal cavity is lined by a ciliated, pseudosrrarified 
columnar epitheli um with goblet cell s. The lam ina prop ria contains tubul oa lveolar 
glands. The latter are ma inly serous, but mucous and mixed glands do occur. Glands are 
sparse in carnivores. A submucosa supportS the lamina propria. 

The olfactory epithelium (pseudostratified columnar) is composed of olfactory (sen
sory) ce ils, supporting cells, and basa l cells. Bowman's glands, tll bular and mucoserous, 
occur within the lamina propria. They open to the surface through ducts lined by cuboidal 
Ot flattened cells. A su bmucosa lies below the lamina propria. 

The nasopharynx and oropharynx are subdivisions of the pharynx. T he former is 
lined by a ciliated, pseudostratified columnar epithelium with goblet cells, wheteas the lat
ter is covered by a stratified squamous epithelium. The lamina propria conta ins tubular 
mixed glands in the nasopharynx and mucous glands in the oropharynx. In carnivores the 
glands of the oropharynx ate mixed . A network of elastic fibers separates the mucosa 
ftom an underlying sheet of skeletal muscle consisting of circularly and longitudinally a r
ranged cells. The musculature is separated from an adventitia of loose connective tissue 
by a layer of connective tissue containing elastic networks. 
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The larynx is lined in part by a stratified squamous ep
ithelium and partly by a ciliated, pseudostratified col umnar 
epithelium. Nu merous elastic fibers are present in the lam
ina pro pria. Glands (serous, mucous, and mixed) occu r in 
the lamina propria and submucosa, bur are lacking in the 
vocal and vestibular folds. H yal ine and elastic cartilage 
provide support for the laryngeal wall. The elastic cartilage 
of the epiglottis may be partially or completely replaced by 
adipose tissue, as in carnivores. Skeletal muscles are an in
tegral part of the laryngeal structure. 

The trachea is lined by a ciliated, pseudostratified 
columnar epithelium with goblet cells. A lamina propria 
and submucosa lie below the epithelium, but are not clearly 
demarcated from one another. Glands, mostly mixed, oc
cur in the deeper layers o f the lamina propria and within 
the submucosa . Rings of hyaline carti lage, which are in
complete dorsa lly, support the tracheal wall. A layer o f 
smooth muscle, the trachealis muscle, is located do rsa lly in 
the trachea. It is positioned internal to the gap in the tra
chea l cartilages in rhe horse, pig, and ruminants. in the cat 
and dog it lies external to the gap. An adventitia of con
nective tissue completes rhe wall of the trachea. 

The trachea bifurcates into bronchi, which enter the 
lungs, where they bra nch extensively. The lungs are cov
ered by a visceral pleura, which is thick in large mamma ls 
and th inner in ca rn ivores . Connective tissue and so me 
smooth muscle form a part of rhe visceral pleura. The inte
rior of the lungs conta ins a framework of connective tissue, 
rich in elastic fibers, which supports the bronchial tree and 
divides the lungs into lobules. The interlobular connective 
.. . . 

tissue IS sparse 111 ca r11l vores. 
A ciliated, pseudostratified colwnnar epithelium with 

goblet cells lines the bronchi. The epithel ium becomes re
duced in heighr as rhe caliber of the bronchi diminishes. 
The lamina propria is surrounded by a layer of obliquely 
arranged smooth muscle. The connective tissue externa l to 
the musculatu re contains mixed glands and plates of hya
line ca rti lage. In the cat the bronchial cartilages Illay con
tain elastic fibers. When seen in histologic sections, the mu
cosa of large bronchi has few folds. Folds increase as rhe 
bronchi decrease in diameter. 

The sma llest bronchi give rise to suborders of bronchi
oles. The sma llest of the latter, the terminal broncilioles, 
branch into two or more respiratory bronchioles, which di
vide into alveolar ducts that, in turn, empty into alveolar 
sacs. 

Bronchioles lack cartilage and glands. Glands, how
ever, may extend into bronchioles from bronchi in cats. 
Spirally or obl iquely arranged smooth muscle forms part o f 
the wall of a bronch io le. The amount of smooth muscle is 
proportional to the size of the bronchiole. Large bronchi
o les are lined by ciliated columnar cells, whereas the sma ll
est (termina l) bronch ioles are lined proximally by ci liated 
cuboidal cells and, dista lly, by nonciliated cells. The mu
cosa of the bronchio les is folded, unless the lungs were in
flated at the time when the tissue was processed. 

Respiratory bronchioles branch from the ends of ter
minal bronchioles. They are lined by a cu boidal epithelium, 
which becomes flattened distally, and rheir wa ll conrains 
some smooth muscle. Alveoli are scattered within the ep
ithelium. Respiratory bronchioles are best developed in the 
cat and dog. 
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Alveolar ducts branch from respirarory bronchioles. 
Their thin wa lls are constructed entirely of alveoli. The lip 
of each alveolus of an alveolar duct contains smooth mus
cle arranged circumferentia ll y. The presence o f the muscle 
gives the lip of rhe alveolus a knoblike appearance when 
histologic sections occur at right angles to the long axis of 
rhe muscle cells. 

Ultimately, each alveola r duct branches into three or 
more alveolar sacs. No smooth muscle is present in the 
sacs. Therefore, the alveoli , which form rhe wa lls of rhe 
sacs, do not have lips with knoblike expansions as do those 
of the alveolar ducts. 

Alveoli are lined mainly by exceed ingly thin sq uamous 
epithelia l ce lls (type I cells) . Alveoli are separated from one 
another by a thin, high ly vascularized layer of fine collage
nous a nd elastic fibers. This layer, together with the squa
mous cells lining the adjacent alveol i, forms an alveolar 
septum. 

CHICKEN 

The nostrils, nasa l cavity, pharynx, trachea, syrinx, bron
chi, ai r capillaries, and air sacs comprise the respiratory 
system of the bird . The skin enters the nostrils to the first 
parr of the nasa l cavity, the vestibule, which is lined by a 
modified, keratinized, stratified squamous epithelium . It is 
characterized by ep itheli al cells that are organized inro 
columns, giving the su rface a wavy appearance. The respi
ratory region of the nasal cavity is lined by a cil iated, pseu
dostratified columnar epithelium. Mucous g lands occur 
within the respiratory epithelium. The olfactory epithelium 
is pseudostratified columnar. It is located in the upper por
tions of the respiratory regions. Its structure, like that of 
mammals, is composed of basal, sensory, and supporting 
ce lls. Bowman's glands are present. 

The pharynx is lined by a srrarified squamous epirhe
lium . A dense lamina propria and less dense submucosa lie 
below the epithelium. Salivary glands (mu cous) occ ur 
within the lamina propria or submucosa. Bundles of skele
tal muscle occur below the floor o f the pharynx. 

At the anterior end of the trachea is a crani al larynx, 
which is rein fo rced by a ca rti laginous ring. A caudal larynx 
(syrinx ) is located at the posterior end of rhe trachea. The 
trachea is supported by overla pping, complete carrilagi
nous rings. It is lined by a ciliated, pseudostratified colum
nar epithel ium containing numerous, simple alveolar mu
cous glands. In the posterior portion of the trachea, the 
glands are replaced by goblet cells. A lamina propria and 
submucosa are present. Each consists of dense connective 
tissue. The submucosa is rich in elastic fibers. 

The syrinx, or voice box, is located in the thoracic cav
ity at the point of tracheal bifurcation into two bronchi . In
ternal and external tympanic membranes, located in the re
gion of the tracheal bifurcation, characterize the wa ll of the 
syrinx . Intersyringeal cartilages and a bony wedge, the pes
sulus, provide support in the region of the syrinx. 

Each extrapulmonary primary bronchus enters a lung 
as an intrapulmonary primary bronchus (mesobronchus). 
Secondary bronchi stem from the primary bronchi and 



branch into numerous parabronchi (tertiary bronchi) 
within the lung. The latter anastomose with each other. 
Tiny, respiratory air capillaries form extensive networks in
terconnecting the tertiary bronchi. 

Primary bronchi are lined by a ci lia ted pseudostratified 
columnar epithelium with mucous glands and goblet cells. 
Extrapulmonary primary bronchi have C-s haped carti
lages, while the wa lls of intrapulmonary primary bronchi 
contain cartilaginous plates, which become scarce distally. 
Bundles of smooth muscle, mainly circular, occur below 
the lamina propria. N umerous elastic fibers are found 
throughout the connective tissue of the bronchi . 

Secondary bronchi are lined by a ciliated, columnar ep
i[heiium with mucous cells. There is a lamina propria and 
a well-developed muscularis. 

Parabronchi are lined by a cuboidal epithelium. A thin 
layer of connective tissue lies below the epithelium. Bund les 
of smooth muscle cells lie below the connective tissue layer. 
The inner wall of each tertiary bronchus is pierced by nu-

merous openings, each of which leads imo a cavity ca lled 
an atrium (ai r ves icle). Atria are lined by a squamous to 
cuboida l epi thel ium. Air capillaries, lined by squamous 
cells, open into atria. Their simple sq uamous lining is a res
piratory surface and is analogous to the lining epirhelium 
of the alveoli of the mammalian lung. Numerous vascular 
capillaries surround the air capillaries and are separated 
from the latter by a basement membrane. 

Air sacs are paired or unpaired, thin-walled structures 
occurring in the cervical, clavicular, thoracic, and abdomi
nal regions of the body. They connect to rhe lungs by 
bronchi. Many of the hollow bones of the fowl contain ex
[ensions of the air sacs. Among others, these bones include 
the sternum, humerus, pelvic girdle, and mOSt of the tho
racic and cervical vertebrae. The air sacs are lined by squa
mous, ci liated cuboidal, and ci liated columnar cells. The 
epithel ium is supported by a thin layer of connective [issue 
consisting of collagenous and elastic fibers. The sacs are 
poorly vascularized and do not participate in gas exchange. 
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1. Basal cells 
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8. Olfactory cells, nuclei 
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11. Serous gland 
12. Stratified squomous epithelium 
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Figure 15.1. Nasal Cavity, Vestibule, Dog. This portion of the 
vestibule is supported by hyaline cartilage and lined by a stratified 
squamous epithelium. Numerous cavernous veins occur through
out the connective tissue of the mucosa. In addition, there are tubu
lar serous glands within the connective tissue. 

Figure 15.2. Portion of Nosal Concha, Dog. The scroll· li ke nasal 
conchae are supported by spongy bone and are covered by a mu
cous membrane with a ci liated, pseudostratjfjed columnar epithe
lium. 

Figure 15.3. Olfactory Epithelium, Nasal Cavity, Dog IMas· 
son's), This thick, pseudostratified columnar epithelium is com" 
posed of three Iypes of cells. Basal cells are located at the level of 
the basement membrane. The nuclei of olfactory cells form a 
broad bond in the central portion of the epithelium. The nudei of 
supporti ng cells are pale and form the uppermost level of nudei. 
The apices of olfactory cells bear sensory hairs. 

Figure 15.4. Resl'iratory Epithelium, Nasal Concha, Dog. Cil i· 
ated, pseudostratified columnar epithelium with goblet cells and 
underlying, vascular, loose connective tissue and bone. 
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Figure 15.10 

1. Adipose tissue 
2. Arytenoid cartilage 
3. Duct 
4. Elastic cartilage 
5. Intercalated duci 
6. lamina proprio 
7. Mixed gland 
8. Pseudostralified epithelium 
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9. Serous acinus 
, O. Skeletal muscle 
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epithelium, nonkerotinized 
12. Striated duct 
13. Submucosa 
14. Taste bud 

Figure 15.5. lateral Nasal Gland, Dog (Masson'sl. This serous 
gland is located in the maxillary sinus in carnivores. 

Figure 15.6. Nasopharynx, Dog. This portion af the pharynx is 
lined by a ciliated, pseudostratified columnar epithelium with gob
let cells. Mixed glands are present. The muscularis consists of 
skeletal musele. 

Figure 15.7. EpigloHis, Dog. The supporting elastic cartilage of 
the epigloHis is heavily infiltrated in its mid-region by adipose tis-

• • sue In carnivores. 

Figure 15.8. Epiglottis, I.s., Sheep. Blocklike chunks of elastic 
cartilage, without infiltrating adipose tissue, are found in the 
epiglaHis of the sheep and goot. 

Figure 15.9. Epiglottis, Sheep. Occasionally, taste buds are 
found in the epithelium of the laryngeal surface of the epigloHis. 

Figure 15.10. GloHis, X.s., Goat. The gloHis is supported by the 
arytenoid cartilages (elasticl and is lined by a nonkeratinized 
stratified squamous epithelium. 
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Figure 15.15 x 62.5 
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1. Adipose tissue 
2. Arytenoid cartilage 
3. Elastic fibers 
4. Esophagus 
5. Goblet cell 
6. Hyaline cartilage 
7. lamina propria 
8. Mixed gland 
9. Mu~ularis externa 

10. plasma cell 
11 . Pseudostratified epithelium 
12. Serous gland 
13. Skeletal muscle 
14. Stratified squamous epithelium 
15. Submucosa 
16. Trachea 
17. T rachealis muscle 
18. Vocal ligament 

Figure 15.11. Vocal Fold, 1.5., Cat. Junction of the vocal fold with 
the orytenoid cartilage. 

FiJijure 15.12. Vocal Fold, Goat IOrcein). The vocal fold consists 
ot a fold o f the mucous membrane. The vocal fold encloses the vo' 
cal ligament, which is a band of elastic fibers. 

Figure 15.13. Trachea and Esophagus, x.s. , Cat. Note that the 
trachealis muscle Ismooth) lies external to the gap in the C-shaped 
cartilage in carnivores. 

Figure 15.14. Trachea, x.s., Cat. The trachea is lined by a cili · 
ated, pseudostratified columnar epithelium with goblet cells. The 
lamina propria contains a band of longitudi nally oriented elastic 
fibers . 

Figure 15.15. Trachea, x.s., Horse. A thick band of longitudi
nally arranged elastic fibers extends from the lamina propria into 
the submucosa. 
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7. Mixed glands 
8. Muscularis 
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10. Pseudostrotified epithelium 
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Figure 15.16. Trachea, x.s., Cow. In noncarnivores the trachealis 
muscle attaches to the perichondrium on the inside of the tracheal 
cartilage. The lamina propria and submucosa are both very rich 
in elastic fibers . 

Figure 15.17. Trachea, x.s., Cow. The trachea is lined by a cili
ated, pseudastratified columnar epithelium with goblet cells_ 

Figure 15.18. Trachea, x.s., Sheep (Orcein). A fibroelastic mem
brane surrounds the C -shaped tracheal cartilage and also spans 
the gop in the cartilage . 

Figure 15.19. Trachea, x.s., Goat (Orcein) . Numerous elastic 
fibers occur below the epithelium_ Elastic fibers are also present 
where the trachealis muscle joins with the perichondrium. 

Figure 15.20. Primary 8ronchus, Extrapulmonary, x.s., Dog 
(Mallory's). plates of hyaline cartilage support the wall of the 
bronchus. Smooth muscle bundles of the muscularis occur between 
the plates and internal to them _ 
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Figure 15.25 x 250 

KEY 

1. Alveolus 
2. Bronchiole 
3. Columnar epithelium, 

ciliated 

7. Lamina propria 
8. lymphat;c nodule 
9. Mixed gland 

10. Muscularis 
4. Elastic bond 
5. Goblet cell 
6. Hyaline cartilage 

11 . Pseudostratified epithelium 
12. Serous gland 

Figure 15.21. Bronchus, x.s., Cow IMosson's). 

Figure 15.22. 8ronchus, x.s., Cow. Detail of the wall of a 
bronchus. Numerous lymphocytes are present below the epithe· 
li um. 

Figure 15.23. Small Bronchus, x.s., and Bronchioles, Cat. Bron' 
chioles lack cartilaginous plates and possess a simple epithelium. 

Figure 15.24. large Bronchiole, x.s" Cat. In cots submucosal 
serous glands extend from bronchi into the bronchioles. 

Figure 15.25. large Bronchiole, x.s., Cat. Detail of a portion of 
the bronchiole shown in Figure 15.24. 
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1. Alveolar duct 6. Elmlic fibers 
2. Alveolar sac 7. Macrophage 

8. Muscularis 

" ~ . 
• 

3. Alveolus 
A. Bronchiole 9. Respiratory bronchiole 

10. Smooth muscle 5. Cuboidal epithelium 
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x l25 

Figure 15.26. Bronchioles, Pig 10reein}. The tissues of the lung 
are heovily infiltrated with elastic fibers . 

Figure 15.27. Respiratory Bronchiole, x.s., Cat. Respiratory 
bronchioles are lined by a cuboidal epithelium and have alveoli in 
their walls. 

Figure 15.28. Respiratory Bronchiole, 1.5., Sheep. 

Figure 15.29. Alveolar Ducts and Alveolar Sacs, Sheep. An 
alveolar duct is characterized by the presence of smooth muscle 
arranged circumferentially in the lips of the a lveoli that form its 
wall. Conversely, the alveoli of alveolar sacs lack smooth musele. 

Figure 15.30. Alveolar Duct, x.s., Sheep. Detail of an alveolar 
duct. The smooth muscle associated with the entrance of the alve
oli that form the wall of the duct is evident . 

• 
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Figure 15.34 

1. Alveolar septum 
2. Alveolus 
3. Bronchiole 
4. Bronchus 
5. Elastic bond 
6. Erythrocyte in capillary 
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4 

7. Macrophage 
8. Mesothelium 
9, 5eptum 

10, Type II alveolar cell 
11. Visceral pleura 

Figure 15.31. Alveoli, Cal. Detai l of alveolor septa . 

x 12,5 

Figure 15.32. Visceral Pleura, Dog. The visceral pleura of carni· 
vores is relatively thin. 

Figure 15.33. Visceral Pleura, Horse. The viscera l pleura of do' 
mestic mammals, except carn ivores, is thick. Incomplete septa ex' 
tend inward from the visceral pleura in the horse. 

Figure 15.34. Visceral Pleura, Pig. Lungs are highly lobulated in 
the pig and ruminants. Unlike those of the horse, the septa a re 
complete. 
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KEY 

1. Alveolus 
2. Basal cells 
3. Epidermis 
4. Intercostal muscle 

9. Parietal pleura 
10. Pseudostratified epithelium 
11. Pulmonary vein 
12. Pyknotic nucleus 

5. lamina proprio 
6. Mucous gland 
7. Nerve 
8. Neuromuscular spindle 

13. Septum 
14. Smooth muscle 
15. Turbinate cartilage 
16. Vestibular epithelium 

Figure 15.35. Parietal Pleura, Cat. Parietal pleura and inter' 
costal muscle, The parietal pleura lines the wall of the pleural cav' 
ity. It consists of a mesothelium and underlying connective tissue. 

Figure 15.36. Lung, Cow IMasson' s). In the cow andJig, pul
monary veins have thick bands of circu larly arrange smooth 
muscle. 

Figure 15.37. Nasal Cavity, Chicken. The vestibule is lined by a 
uniquely structured, keratinized, stratified squamous epithelium 
Isee Fig. 15.38). The vestibular epithelium blends with the epider
mis on the inner side of each nostril. In this micrograph these ep
ithelia lie to either side of a turbinate cartilage. 

Figure 15.38. Vestibular Epithelium, Chicken. This keratinized, 
stratified squamous epithelium is characterized by the presence of 
columns of cells. The uppermost cells in each column have pyknotic 
nuclei . One or two layers of basal cells are present. The outer sur
face of the epitheli um presents a corrugated appearance. 

Figure 15.39. Respiratory Epithelium, Chicken IMasson's). This 
ciliated, pseudostratified columnar epithelium is interrupted by 
simple, branched, alveolar mucous glands. 
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Figure 15.44 

1. Basal cell 
2. Bony tracheal ring 
3. Bowman's gland 
4. Cartilaginous tracheal ring 
5. Mucous gland 
6. Nerve 

• • • 

KEY 
7. Olfactory celis, nuclei 
8. Pseudoslratified epithelium 
9. Skeletal muscle 

1 O. Strati~ed squamous 
epithelium 

11. Supporting cell, nucleus 

x 25 

Figure 15.40. Olfactory Epithelium. Chicken IMasson's). Thi' 
pseudostratified columnar epithelium is similar to that found in 
mammals Isee Fig. 15.3). It i, compo,ed of basal, olfactory, and 
supporting cel\,. 

Figure 15.41. Trachea, I. •. , Chicken. Cartilaginous tracheal rings 
are complete and overlap each other. When the trachea is cut lon
gitudinally, as in thi s preparation, the rings are cut transversely 
and present a lenticular profile. 

Figure 15.42. Trachea, x.s., Chicken. Simple alvealar mucou, 
glands occur in the ciliated, pseudostratified columnar epithelium . 
Portions of two overlapping tracheal rings are present. The inner 
ring was cut through its tliin edge, while the outer one was cut 
through its thick middle region Isee Fig. 15.41 for an example of 
the shape of a tracheal ring that has been cut transversely) . 

Figure 15.43. Trachea, x.s., Chicken . Intraepithelial mucous 
gland, are abundant in the trachea of the chicken lalso see Fig. 
15.39). 

Figure 15.44. Trachea, Near Syrinx, Chicken. The majority of 
the posterior, complete rings of the trachea shown here are bOny. 
The ciliated pseudostratified columnar epithelium of the trachea i, 
followed in the syrinx by a stratified squamous epithelium . 



8-

Figure 15.45 

, 

-
, 

• 

Figure 1 5.46 

" 

-
• • • • • • 
5 • • ~ 

• •• • • -• • • 
e- o 

Figure 15.47 

7 

5 

6---' 
" 

-"-" 

x 25 

• 
~ .. .. 

x 125 

1. Bony tracheal ring 
2. Bronchial rings 
3. Cartilaginous trocheal rings 
4. External tympanic membrane 
5. Intermediate syringeal 

cortilage 

KEY 
6. Intemol tympanic 

membrane 
7. Medial bronchial wall 
8. Pessulus 
9. StratiRed squamous 

epithelium 

Figure 15.45. Trachea, Syrinx and Primary Bronchi, I .•. , 
Chicken. 

Figure 15.46. Syrinx, I. •. , Chicken. 

Figure 15.47. Syrinx, 1.5., Chicken. A portion of the external tym· 
panic membrane and intermediate syringeal cartilage. 
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1. Atrium 
2. Bronchial cartilage 
3. Elastic fibers 
4. External tympanic 

membrane 
5. Intermediate syringeal 

cartilage 
6. Internal tympanic 

membrane 
7. Lymphatic tissue 

KEY 

8. Parobronchus 
9. Pessulus 

10. Primary bronchus 
11 . Pseudostrotified epithelium 
12. Secondary bronchus 
13. Smooth muscle 
14. Stratified columnar epithelium 
15. Stratified squamous epithelium 
16. Syrinx 

Figure 15.48. Syrinx, I.s., Chicken (Orcein). Intermediate sy
ringeal cartilages are connected by numerous elastic fibers. 

Figure 15.49. Syrinx, I.s.,Chicken. Portion of pessulus and inter
nal tympanic membrane, The laHer is covered by both a ciliated, 
stratified columnar epithelium and by a strati fied squamous ep
ithelium . 

Figure 15.50. Tympanic Membrane and Primary Bronchus, 
Chicken. Three transected bronchial cartilages. Bronchial carti
lages are incomplete (C ·shaped), They do not extend to the medial 
side of the bronchus, 

Figure 15.51 . Lung, Chicken. Longi tudinal section through a sec
ondary bronchus and parabronchi. The presence of numerous 
cup' shaped atria in the parabronchus distinguish this part of the 
bronchial tree from the secondary bronchus. 
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1. Air capillary 
2. Atrium 
3. Bone 
4. Cavity of air sac 
5. Connective tissue lamina 
6. Epithelium 
7. Erythrocytes in vascular 

capillary 

KEY 

8. Granulocyte 
9. Macrophage 

10. Mucous cells 
11. Para bronchus 
12. Secondary bronchus 
13. Simple squamous epithelium 
14. Smooth muscle 

Figure 15.52. Lung, Chicken. Cross section of a porabronchus 
and a portion of an adjacent secondary bronchus. 

Figure 15.53. Lung, Chicken. Detail of the woll of a 
parabronchus. Note the continuity of the air capi llaries with the 
atria. The latter are lined by an epithel ium that varies from simple 
cuboidal to simple squamous. 

Figure 15.54. Abdominal Air Soc, Chicken. The wall of the air 
sac consists of a connective tissue lamina and an epithelium that 
may be simr'e squamous, cuboidal, or ciliated columnar. Air sacs 
are not weI vascularized . 

Fi.9ure 15.55. Humerus, x.s. , Chicken (Masson's). Many bones 
at the chicken contain extensions of air sacs. 

• 
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MAMMALS 
he pituitaty, pineal, thyroid, parathyroid, and adrenal glands possess certain fea
tures that distinguish them as organs of the endocrine system. They are very rich in 
wide, thin-walled vessels ca lled sinusoids. The sinusoids are intimately associated 

with parenchymal cells, whose secretory products (hormones) pass directly into the cir
culatory system. Endocrine glands lack ducts. In contrast, exocrine glands convey their se
cretions (e.g., enzymes, mucus, and bile) through ducts to a mucosal or skin surface. 

Endocrine cells are not limited to the glands presented in this chapter. For example, 
hormones are secreted by interstitial cells of the testes, corpora lutea and ova rian fo llicles, 
islets of Langerhans, and enterochromaffin cells of the gastrointestinal epitheli um. 

The pituitary gland (hypophysis) is a major endocrine gland that is suspended from 
the hypothalamus of the brain. It releases severa l hormones, many of which influence the 
activity of other endocrine glands. The gla ndular portion, the adenohypophysis, forms 
from an outpocketing of the ectoderm of the dorsal portion of the oral cavity, ca lled 
Rathke's pouch. The pars dista lis, pars tuberalis, and pars inrermedia constitute the ade
nohypophysis. The neural part of the pituitary gland, the neurohypophysis, is derived 
from a ventral outpocketing of the diencephalon. It is divisible into a median eminence, 
infundibular stalk, and pars nervosa . 

The pars distalis is the largest portion of the pituita ry gland. The parenchyma con
sists of irregular cords of cells separated by sinusoids and spa rse connective tissue. There 
are two ma in types of parenchymal cells: chromophobes, characterized by a sma ll amount 
of cytoplasm that sta ins poorly, and chromophils, with more abundant cytoplasm that is 
readily stained. The chromoph ils are classified as acidophils (alpha cells) and basophils 
(beta cells). Basophils tend to be larger than acidophi ls. Chromophobes are sma ller than 
chromoph ils and are most evident in groups, appear ing as clusters of closely packed nu
clei in tissue sections. 

The pars intermedia is si tuated between the pars distalis and the pars nervosa. In the 
horse these regions are closely apposed. In other domestic mammals the pars intermed ia 
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and pars distalis are parrially separared by a small cleft, the 
hypophyseal cavity, which is the vestigial cavity of 
Rathke's pouch. The pars inrcrmedia consists predomi
nantly of basophilic ce lls. Follicles filled with colloid are of
ten present. 

The pars rubcralis is mainly located arollnd the in
fund ibular sta lk. It is composed primar ily of cords, clus
ters, and follicles of small, faintly basophi lic cel ls. 

The neuro hypophys is conta ins numerous unmyeli
nated nerve fibers whose cell bodies a re locared in the 
supraoptic and para ventricular nuclei of the hypotha la
mus. Their axons converge at the median eminence (ventral 
boundary of the third ventricle) and form the hyporhalam
ohypophyseal tract. T hey pass through rhe narrow in
fundibular stalk to the pars nervosa (infundibular process). 
The ncu[osecrerions of these cells move along w ithin the 
aXOllS and accumulate at the term inal regions of the nerve 
fibers as Herring bodies, wh ich are best demonstrated with 
special staining methods. Overa ll , the pars nervosa has an 
unorganized, fibrous appearance, and individual axons are 
indistinct. Numerous pituicytes (neuroglial cells) are scat
tered among the nerve fibers. They possess round to oval 
nuclei and long cyto plasmic processes. Their cytoplasm 
cannot be distinguished from nerve fibers in routine histo
logic preparations. 

The infundibular cavity, which is continuous with the 
th ird ventricle and lined by ependyma l cells, extends deep 
into the pars nervosa in the cat and pig and to a lesser 
extent in the dog and horse. In ruminants the cavity does 
not reach beyond the infund ibu lar sta lk. These relarion
ships are evident in midsagitta l sections of the pituitary 
gland. 

The pineal gland (pineal body; epiphysis cerebri ) is a 
dorsal evagination of the roof of the diencephalon . It is cov
ered by connective tissue of the pia mater and divided into 
lobules by septa of connective tissue. T he parenchyma is 
composed predominantly of pinealocytes, which are ar
ranged as c1usrers, cords, or fo llicles. These epirhel ioid cells 
have a round nucleus and acidoph ilic cytoplasm. Neu
roglia l cells are a lso present. 

Each lobe of the thyroid gland is surrounded by a thin 
capsu le of connecrive tissue and d ivided into lobules by 
th in trabeculae. The latter are continuolls with sparse in
tralobular connective tissue that contains numerous sinu
soids. In the pig and cow the connective tissue is abundant. 
Each lobule consists of numerous follicles of va rious sizes 
that are frequently filled with colloid . The follicu lar cells 
vary in height, depending on the state of activity of the fo l
licle. Their appea rance changes from sq uamous or low 
cuboidal in the resting stage to cuboidal or columnar in the 
active stage. In an active follicle rhe periphery of the colloid 
ad jacent to the apical surface o f the follicular cells is vac
uolated. In an inactive foll icle, the colloid has a smoother 
peripheral surface and vacuoles are not present. 

P.arafollicular (C) cells occur among the cells rhat line 
the th yroid fo llicles and also between the fo llicles. They are 
larger and have a paler cytoplasm than the fo llicular cells. 
Their nuclei are relat ively large and pale. Para follicular 
cells usually occu r singly, bur may a lso appear in groups. In 
the dog these ce lls are particularly abundant. 
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The parathyroid glands are classified as interna l and 
external. Those that are adjacent to or embedded in the 
thyroid gland are rhe internal parathyroids. The external 
pararhyroids lie a variable distance away from the thyroid 
gla nd. The parathyroid glands are surrounded by a thin 
capsu le of connective tissue, wh ich may be absent where 
the glands are deeply embedded wirhin the thyroid gland. 
A srroma of connective tissue is well developed in the pig 
and cow, but is sparse in other domestic mammals. 

The parenchyma of the parathyroid gland consists pri
marily of clusters and cords of principal (chief) cells. There 
are two different functiona l stages of rhe principal cell . The 
light principal cell is inactive and has a large, pale nucleus 
and pale, acidoph il ic cytoplasm. The dark principal cell is 
a smaller, acti ve cell with a sma ll , dark nucleus and a 
deeply acidophi lic cytoplasm. In the sheep and goat, light 
cells tend to be located peripheral to the more central, da rk 
cell s. In the other domestic mam mals these cells are dis
tributed randomly. 

Oxyphilic cells are large cells with an acidophilic cytO
plasm and a pyknotic nucleus. They have been reported to 
occur in sma ll numbers in the pa rathyroid glands of the 
horse and cow, particularly older an imals. 

The paired adrenal glands are situated close to the an
terior end of rhe kidneys. The glands are covered by a cap
su le of dense irregular connective tissue th at sometimes 
contains smooth muscle. Clusters of epithelio id cortical 
ce lls also occur in the capsule. Th in trabeculae project par
tially into the parenchyma. 

Each adrenal gland is organized into a periphera l cor
tex and a central medu ll a. The adrenal cortex is divided 
into four zones. The zona glomerulosa (zone multiformis) 
is the outermost zone. In the carnivore, horse, and pig the 
parenchymal cells of this region are colu mnar and arranged 
into arcs. In the horse the columnar cells are especially tall. 
In ruminants the zona glomerulosa contains polyhedral 
cells that form irregular c1usrers or cords. 

The zona intermedia lies between the zone glomeru
losa and the zona fa sciculata. It consists of small , closely 
packed cells. This zone is seen more often in the horse and 
carnivore than in the other domestic mammals. 

The zona fascicuiata, the widest zone of the adrenal 
cortex, is formed by radially arranged cords of cuboidal or 
polyhed ra l cells. The cords are one o r twO cells th ick and 
separated by si nusoids. The cytoplasm of the ceLis in rhis 
zone frequently appears foamy because of the presence of 
numerous lipid vacuoles. 

The zona reticuiaris is the innermost zone of the 
ad renal coerex. It is arranged as an irregular network of 
anastomosing cords of ce lls surrounded by sinusoids. 

The adrenal medulla is composed mostly of columnar 
or polyhed ral chromaffin cells, which fo rm c1usrers and 
anastomosing cords separated by sinusoids. In domestic 
mammals an outer and inner zone of the medulla can often 
be dist inguished. The former consists of larger, more 
dark ly stained cells, and the latter contains smaller, more 
lightly stained cells. Ga nglion cells, either individually or in 
clusters, are scattered through the medulla. Because the 
cortex and medulla interdigitate at their junction, projec
tions of the zona reticularis may appear within the medulla. 
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CHICKEN 
As in mammals, the pituitary gland (hypophysis) of the 
chicken is a ttached to the base o f the brain below the di
encephalon and is enca psu lated by the dura mater. The 
adenohypophysis is composed o f the pars distal is and pars 
tuberal is. A pars intermedia is absent. The pars distalis is 
divided into a cephalic region and a caudal region. Both re
gions contain cords of acidoph ils and basophils, and clus
ters of chrom ophobes. The acid ophils of the cephalic 
region are pale, and those of the caudal zone arc more 
darkly stained . Thus, th e cephalic zone appears mo re 
basoph ilic, and the cauda l zone appears more acidophilic. 
The cords of cells of the form er are more closely packed 
than those of the latter. Some parenchyma l cells of the pars 
distal is may be arranged around a lumen fill ed with col
loid, especially in o lder bitds. Cysts lined by ci liated cells 
and IllU CO US cells also occur in this part of the pituitary 
gla nd. 

The pars tuberalis sur rounds the infundibulu m and 
spreads dorsa lly over the ventral surface of the brain for a 
shorr di stance. Ventrally, it extends to the posterior mar
gin of the cephalic zone o f the pars dista lis. The pars tu
bera li s con ta in s sma ll, ro und to elongated, slightl y ba
sophilic cells that are arra nged in several layers. 

The neurohypophysis includes the median eminence 
of the tuber cinereum, the infundi bular stalk, and the pars 
nervosa (infundibular process). The median eminence and 
the infundibular stalk cons ist primarily of nerve fibers, 
neurog li al cell s, and epend ymal cells that line the in
fund ibular cavity. The pars ncrvosa has an irregular SUf

face and consists of numerous lobules. Each lo bule con
rains a diverticulum of the infundibu lar cavity that is lined 
by ependymal cells. The latter are surrounded by irregular 

masses of tissue consisting of pituicytes and o ther neu
roglial cells, nerve fibers, and Herring bodies. 

The pineal gland (epiphysis cerebri ) is a sma ll , conica l 
body that is si tuated between the cerebral hemispheres and 
the cerebellum . It is surrounded by connective tissue and is 
composed of a body and a na rrow, ventra l stalk that is at
tached to the roof of the thitd ventricle. The parenchyma 
of the gland is arranged into lo bules separated by thin 
septa of connective tissue. The lobules contain cells, pre
dominant ly pinealocytes, that form rosettes or fo llicles. 

The thyroid glands are composed of numerous col
loid-fill ed fo llicles, as in mammals. Cells that are similar in 
function to the parafollicu lar cells of mammals, however, 
occur in the ultimobranchial bodies, rather than the th y
roid glands, o f the ch icken. 

The parathyroid glands ate each surrounded by a cap
sule of connective tissue. The parenchyma is composed of 
irregular cords of chief ce lls, separated by connective tis
sue and numerous sinusoids. 

The adrenal glands are enclosed within a capsule of 
dense connective tissue. Unli ke mammals, the parenchyma 
is not organ ized into a distinct co rtex and medu ll a. In
stead, it is composed o f intermingled cortical (interrenal ) 
tissue and medullary (chromaffin ) tissue. The co rtical cells 
are arranged as irregu lar cords. These ce lls have da rk nu
clei and appear columnar when the cords are sectioned 
longi tudinally. In a cross section of a cord the cells appear 
tall and pyramidal with several cells a rranged radi a ll y. 
Medullaty tissue is composed o f polygonal cells. They are 
larger than conica l cell s and possess a large, round nucleus 
and basophilic cytoplasm. Ganglion cells occur among the 
medull a ty cells. Two ga nglia (the crania l and ca uda l 
suprarena l ganglia ) are ap posed to the sutface o f the 
adrenal glands and ate frequently included in histologic 
sections of this gland. 

• 
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1. Cavity of Rothke's pouch 
2. Ependymol cells 
3. Follicle 

6. Median eminence 
7. Pars distolis 
8. Pars intermedio 

4. Infundibular covity 
5. Infundibulor stolk 

9. Pars nervosa 
10. Pars tuberolis 

Figure 16.1 . Pituitary Gland, Cat. Parasagittal section showing 
all major components. In domestic mammals, except the horse, the 
cavily of Rathke' s pouch persists in the adult. (Photomicrograph of 
a histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 16.2. Pituitary Gland, Cat. Detail of the Infundibular stalk 
and pars tuberalis. Note the presence of small follicles in the pars 
tuberalis lined by faintly basophilic epithelial cells. (Photomicro
graph of a histologic section borrowed from the College of Vet
erinary Medicine, Iowa State University.) 

Figure 16.3. Pituitary Gland, Cat. Pars intermedia. pars distal is. 
and pars nervosa. (Photomicrograph of a histologic section bor
rowed from the College of Veterinary Medicine. Iowa State Un i
versily.) 
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1. Acidophils 
2. Blood vessel 

7. Pars distolis 
8. Pars intermedia 

3. Cavily of Rathke's pouch 
4. Chromophobes 
5. Follicle 

9. Pars nervosa 
10. Pars tuberali s 

6. Infundibular cavity 

Figure 16.4. Pituitary Gland, Dog. Detail of the pars distalis, pars 
intermedia, and pars nervoso. 

Figure 16.5. Pituitary Gland, Parasagittal Sec~on, Horse. Al
though present in other domestic animals, the cavity of Rathke's 
pouch is lacking in the horse. 

Figure 16.6. Pituitary Gland, Horse IAldan Blue, Orange G, 
Schiff's Reagent) . Pars distolis, pars intermedio, and pars ner
vosa. Note the presence of fo llicles in the pars intermedia. 

Figure 16.7. Pituitary Gland, Horse IAldan Blue, Orange G, 
Schiff's Reagent). Detail of the pars intermedia and pars nervoso. 
The latter has a disti nctive fibrous appearance . 

, 

ENDOCRINE SYSTEM 195 



-3 

3 
Figure 16.8 x 250 

Figure 16.9 x 180 

• 

196 COLOR ATLAS OF VETERINARY HISTOLOGY 

Figure 16.10 x 25 

KEY 

I. Acidophil 
2. Bosophil 
3. Chromophobe. 
4. Infundibular cavity 

5. Infundibulor . tolk 
6. Pars distolis 
7. Pars tuberalis 
8. Sinusoid 

Figure 16.8. Pituitary Gland, Horse IAlcian Blue, Orange G, 
Schiff's Reagent). Detail of !he pars distalis. In this preparalion 
acidophils are orange, whereas basophils vary from blue to red. 
Chromophobes are small and pale. 

Figure 16.9. Pituitary Gland, Horse. Delail of Ihe pars dislalis. 
Chromophobes appear in dusters and have closely spaced nuclei . 

Figure 16.10. Pituitary Gland, Horse. A portion of Ihe in
fundibu lar slalk, pars dislalis, and pars luberalis. 
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Figure 16.11 

Figure 16.12 

Figure 16.13 
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Figure 16.15 x 250 

KEY 

1. Adipose tissue 
2. Colloid 

7. Porofolliculor cell 
8. Parafollicular cells 

3. Fibers of neuroglial cells 
4. Follicle 
5. Follicle, tangential cui 
6. Follicular cell 

9. Parathyroid gland 
10. Pineol glond 
11. Pineal ,tolk 
12. Pinealocytes 

Figure 16.11. Pineal Gland, Dog. This gland cansists primarily a f 
pineolacytes and is located in the midline af the epithalamus. 

Figure 16.12. Pineal Gland, Dog. Detail af the gland. 

Figure 16.13. Thyroid and Parathyroid Glonds, Dog. The ba
sophilic, highly cellular parathyroid gland contrasts with the nu
merous colloid·filled follicles of the thyroid gland. 

Figure 16.14. Thyroid Gland, Inac~ve, Dog. Parafollicular cell s 
(e -cells) have pole-staining cytoplasm. In the dog they are partic
ularly numerous and frequently occur in groups. 

Figure 16.15. Thyroid Gland, Inac~ve, Dog. Large, pale-staining 
parafollicular cells ohen form a part of the cellular lining of a thy· 
raid follicle. 
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Figure 16.16 x 125 
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Figure 16.17 x 250 

Figure 16.18 x 125 

Figure 16.19 x 250 
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Figure 16.20 x62.5 

KEY 

1. Cilia 
2. Colloid 
3. Cyst 
4. Dork cell 
5. Erythrocytes in sinusoid 
6. Follicular cell 

7. Follicular cell, pigmented 
8. Light cell 
9. Principal cells 

10. Space artifact 
11. Stroma 

Figure 16.16. Thyroid Gland, Ac~ve, Horse. Active thyroid folli
cles are characterized by toll follicular cells and vacuolated col
loid. Compare with Figures 16.15 and 16.17. 

Figure 16.17. Thyroid Gland, Inac~ve, Goat. The high degree of 
vascularity of the thyroid gland is well illustrated in this micro
graph. Pigment granules accumulate in the follicle cells of older 
animals. 

Figure 16.18. Parathyroid Gland, Dog. Cysts containing colloid 
frequently occur in the parathyroid gland . Such cysts are lined by 
a ciliated columnar epithelium. 

Figure 16.19. Parathyroid Gland, Dog. Both light and dark prin
cipal cells are visible. The active, darK cells have a nucleus with 
condensed chromatin and a dark, acidophilic cytoplasm. The in
active, light cells have a larger and paler nucleus and a lighter, 
acidophilic cytoplasm. 

Figure 16.20. Parathyroid Gland, Cow. The stroma of connec
tive tissue of the parathyroid gland of cows and pigs is abundant. 
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Figure 16.25 x 25 

KEY 
1. Capsule 
2. Epithelioid cells 
3. Ganglion cell 
4. Medulla 

7 . Sinusoid 
8. Zona fasciculate 
9. Zona glomeruloso 

10. Zona intermedio 
5. Medulla, inner region 
6. Medulla, ouler region 

11. Zona reticularis 

Figure 16.21. Adrenal Gland, Dog. Adrenal cortex and capsule. 
The cells of the zona glomerulose are arranged into arclike for
mations in carnivores, horses, and pigs. 

Figure 16.22. Adrenal Gland, Cat. Detail of a portion of the cor
tex. A zona intermedia occurs between the zona glomerulose and 
zona fasciculate. It is especially well developed in carnivores and 
horses. It consists of small , polyhedral cell s. Cells of the zona fas
ciculate are characteristically highly vacuolated. 

Figure 16.23. Adrenal Gland, Horse. Adrenal cortex and cap
sule. The zona glomerulose consists of high arcs composed of es
pecially toll epithelial cells in the horse. Clusters of epithelioid cor
tical cells frequently occur in the capsule of the adrenal gland. A 
distinct intermediate zone separates the zona glomerulosa from 
the zona fasciculata . 

Figure 16.24. Adrenal Gland, Horse. An autonomic ganglion. 
surrounded by cells of the zona reticularis , is situated in the 
medulla. 

Figure 16.25. Adrenal Gland, Cow. Portions of the cortex and 
medulla. The medulla is subdivided into on outer region of darkly 
stained cells and on inner portion of lightly stained cells. 
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Figure 16.27 x 125 

Figure 16.28 x 250 
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Figure 16.30 x 250 

KEY 

1. Capsule 
2. Chromaffin cells 

12. Medullo, outer region 
13. Pars dislolis, caudal 

3. Chromophils 
4. Chromophobes 
5. Colloid 

14. Pars di stal is, cephalic 
15. Pars nervasa 
16. Pars tuberalis 

6. Cyst 
7. Diencephalon 
8. Ganglion cell 
9. Infundibular cavity 

10. Infundibulorstolk 

17. Sinusoid, with erythrocytes 
18. Skull 
19. Zona fmciculato 
20. Zona glomeruloso 
21 . Zona intermedio 

11 . Medulla, inner region 22. Zona relicularis 

Figure 16.26. Adrenal Gland, Cow. Portion of the adrenal cor
lex. The cells of the zona glomerulosa are arranged into irregular 
groups and cords in ruminants. Compare with Figures 16.21, 
16.22, and 16.23. 

Figure 16.27. Adrenal Gland, Cow. The basophilic cells of the 
outer region of the adrenal medulla contrast with the paler cells of 
the inner region. 

Figure 16.28. Adrenal Gland, Sheep IMasson'sl. Adrenal 
medulla with ganglion cells and cells of the zona reticularis amid 
the chromaffin cell s. 

Figure 16.29. Pituitary Gland, parasagiHaI section, Chicken. In 
the chicken the pars distolis is divisible into a cephalic zone and a 
caudal zone. The cephalic zone is more basophi lic. Ciliated cysts 
commonly occur within the pars dista lis Isee Fig. 16.32 for detail 
ofa cyst). 

Figure 16.30. Pituitary Gland, Chicken. The cephalic zone of the 
pars distal is consists of closely packed cords of chromophils and 
chromophobes. Some cords have a lumen filled wi th colloid. 
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Figure 16.35 x 25 

KEY 

1. Acidophil 
2. Bosophil 
3. Capsule 
4. Cerebellum 
5. C;lio,ed cell 
6. Granulocytes 
7. Infundibular stalk 

8 . Mucous cell 
9. Pars distalis, caudal 

10. Pars tuberalis 
11. Pineol glond 
12. Pituicyte 
13. Sinusoid 
14. Skull 

Figure 16.31 . Pituitary Gland, Chicken. In the caudal zane of the 
pars distalis, the cells of the cords are more loosely arranged than 
those of the cephalic zone. Acidophils have a more intensely 
stained cytoplasm than those of the cephalic zone, and they can 
be readily distinguished from bosophils. 

Figure 16.32. Pituitary Gland, Chicken. Portion of a cyst, in the 
pars distalis, li ned by ciliated cells and mucous cells. 

Figure 16.33. Pituitary Gland, Chicken. Portions of the pars tu
beralis and adjacent infundibular stalk. The cells of the pars tu
beralis are rounded to elongated with a finely granular, slightly 
basophilic cytoplasm and a round to oval nucleus. 

Figure 16.34. Pituitary Gland, Chicken. A group of pituicytes 
within the pars nervoso. Pituicytes have a dear cytoplasm and a 
Jarge, vesicular nucleus. 

Figure 16.35. Pineal Gland, parasagittal section, Chicken. The 
bOdy of the pineal gland, portion of the overlying skull , and the 
cerebellum. 
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Figure 16.36 x 125 

Figure 16.37 x 250 

Figure 16.38 x 62.5 

Figure 16.39 x 250 
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KEY 

1. Adipose tissue 
2. Capsule 
3. Chief cells 

6. Ganglion 
7. Medullory cells 
8. Rosette 

4. Cortical cells 9. Sinusoid 
5. Follicle 

Figure 16.36. Pineal Gland, Chicken. The parenchymal cells 01 
the pineal gland are arranged as compact masses (rosettes) or as 
round to oval follicles with distinct lumens. 

Figure 16.37. Parathyroid Gland, Chicken. This gland consists 01 
chief cells arranged into a feltwork of anastomosing cords. The 
cords are surrounded by strands of connective tissue and numer
ous sinusoids. 

Figure 16.38. Adrenal Gland, Chicken. Cords 01 cortical cells 
are interwoven between clumps and irregular masses of medullary 
cells throughout the gland. 

Figure 16.39. Adrenal Gland, Chicken. Detail 01 cortical and 
medullary cells. Cortical cells are columnar. When longitudinal 
cuts have been mode through cords 01 cortical cells, the cells form 
a bilayer. When cords are cut transversely, the cells are seen to be 
arranged radially. Medullary cells are polygonal, are larger than 
cortical cells, and possess basophilic cytoplasm. They are ar
ranged as clumps or irregular masses. 



MAMMALS 
he male reproductive system includes the testes, the system of ducts that leads fro m 
them, rhe penis, and accessory glands. 
The testes are contained in the scrotum and are compound tubular glands that arc 

invested by a thick capsule of dense irregular connective tissue, the tunica albuginea. This 
capsule is rich in smooth muscle in the stallion. The tunica albuginea is covered by a peri 
toneum, the visceral layer of the tunica vaginalis. The lattcr is composed of a mesothelium 
and underlying connective tissue thar blends with that of the tunica albuginea. Septa of 
connective tissue extend from the tunica albuginea into the testis, partially or completely 
dividing the testis into lobules. These septa are thin in ruminants and thicker in the car
nivore, stallion, and boa r. Centrally, the septa may merge with the loose connective tis
sue of the mediastinum testis. 

Within each lobule of the testis there are convoluted seminiferous tubules. They are 
lined by a stra tified epithelium of spermatogenic cells and Sertoli cells. The spermatogenic 
cells give rise to spermatozoa. Spermatogonja, the most immature spermatogenic ce lls, are 
small , round cells with dark, round nuclei that lie adjacent to the basement membrane. 
These undergo mitotic divis ions and produce primary spermatocytes, larger cells whose 
nuclei often show distinct chromatin. Primary spermatocytes undergo the first meiotic di
vision, giving rise to smaller, secondary spermatocytes. Secondary spermatocytes are 
rarely observed because they undergo the second meiotic division shortly after they arise, 
forming haploid spermatids. Earl y spermatids are round cells with pale nuclei that occur 
in clusters toward the lumen of the seminiferous tubule. Late spermatids are characterized 
by small , oval to elongated, dark heads and long, faint tails that project into the lumen. 
They are eventually released from the seminiferous epithelium as spermatozoa. 

Various combinations of developing spermatogenic cells occur within the epithelium 
of a semi niferous tu bule. These ce ll associations (stages) are unique and occupy onl y a 
portion of the length of each tubule. The total number of different stages varies with dif
ferent anima ls; for example, rats are known to have 14 di fferent stages, while mice have 
12 and pigs have eight. 
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The cell mix w ithin each stage can be observed w hile 
exam ining a hi sto logic section of the testis . In sections 
through some seminiferous tubules, fo r example, spermato
gonia, two layers of primary spermatocytes, and numerous 
ea rly spermatids Illay be apparent; in another segment there 
may be spermatogonia, a single layer of primary spermato
cytes, and numerous ea rly and late spermatids. Other sper
matogen ic ce ll combinatio ns, characteristic of the animal, 
become appa rent as more tubules are examined. 

Sertoli cells are fewer in number than the spermato
genic ce ll s. They are distinguished by a pale oval or tr ian
gu lar nucleus that has a prom inent nucleolus and occa
sional cleftlike infold ings. They are tall cells that extend 
from the basement membrane to the lumen of the tubule, 
but the ir boundaries are indistinct in routine histologic 
preparatio ns. N umerous lateral and apica l invaginations o f 
their cell membranes embrace the differentiating spermato
genic ce lls. 

Flattened, contractile myoid cells lie just outside the 
basement membrane o f each seminiferous tubule. The con
nective ti ssue between adjacent tubules contains po lyhedral 
interstitial (Leydig) cells. These produce testosterone and 
are particu larly abundant in the stallion and boar. They are 
recogn ized by their small , round nucleus and an aci
dophi lic, often foamy cyto plasm. 

Nea r the terminal segment of a seminiferous tu bule, 
the spermatogenic ce ll s decrease in number and the Serrol i 
ce ll s become more numerous. A transitional lone, lined by 
Sertoli cells, joins a seminiferous tubule to a straight tubule. 
The latter may be lined by simple columnar, cuboidal, or 
squamous ce ll s and is continuo us w ith a network o f anas
tomosing channels that form the rete testis. The rete testis 
possesses a simple squamous o r cubo idal epithelium that 
may be bistrat ified cuboidal in the bu ll. It is surrounded by 
the loose connective ti ssue of the mediastinum testis. 

Efferent ductules, lined by a simple columnar o r a 
pseudostrati fied epithelium with some ciliated cells, lead 
from the rete testis and pass through the tunica albuginea 
to join the duct of the epididymis in the head of the epi
didymis. In the stallion the tubules of the rete testis pene
trate the tunica albuginea and form an extratesticular rete 
testis, which is then joined to the duct of the epididymis 
by efferent ductules. The coiled duct of the epididymis 
va ries in structure frol11 the head to the tail region of the 
epi did ymi s. Irs pse ud ostratified co lumn ar epith e lium , 
w ith stereocilia, is thickest in the head regio n and is en
ci rcl ed by some smooth muscle. In the body (mid ) region 
there is less smooth muscle, and the epithe lium is thinner. 
In the tail regi on of the epididymis the pseudostratified 
epithe lium is thin nest, and the surro unding s l1100th mus
cle is most abundant. In the sta llion the li ning of the duct 
in the tai l region of the epididymis fo rms short, villus li ke 

• • 

proJectio ns. 
The vas deferens (d uctus deferens) leads from the duct 

of the epid idymis and joins with the urethra. The vas def
erens is lined by a pseudosrratified columnar epithelium 
(some ce lls with stereocilia ) that may become simple 
columnar distally. The smooth muscle of its thick muscu
la ris presents a variety o f arrangements. It may form an in
ner circular and an outer longitudina l layer, and each of 
these layers may contain interwoven fibers of smooth mus-
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c1e. Ll contrast, the entire muscularis may be interwoven 
with no distinct layers of smooth muscle. We have not ob
served any particular arrangement to be consistent within 

• 
a specIes. 

The male accessory glands include the glands of the 
ampulla, seminal ves icles, the bulbourethral glands, and 
the prostate gland. They are composed of branched tubu
lar o r rubuloac inar secretory un its that often have ves icular 
dilations. The secretory epithelium of these glands is classi
fi ed as pseudostratified because, a lthough consisting pri
marily of columnar cells (or sometimes cuboidal cells such 
as in the prostate) , occasional basal ce ll s are present. 

Near its junctio n with the urethra, the vas deferens 
fo rms a dilated ampulla whose lamina pro pria and submu
cosa are filled with glandular secretory units. The ampulla 
is absent in the tomcat, and the ampullary glands are nor 
well developed in the boar. 

The prostate gland is a seromucous gland except in the 
dog, w here it is enti rely serous. In the boar and ruminants, 
the prostate gland consists mostly o f a disseminate portion 
(pars disseminata) in the form of a glandular layer in the 
su bm ucosa o f the pelvic urethra . In the stallion and carni
vores the disseminate portion is represented only by scat
tered glands. The body of the prostate gland is well devel
oped in the stallion and carnivore and is absent in the ram 
and billy goat (buck). It is an encapsulated, lobulated gland 
that partially or completely surrounds a part of the pelvic 
urethra. 

The seminal vesicles (vesicular glands) are absent in 
carn ivores. In the sta llio n they are true ves icu lar o utpock
etings in the fo rm of bladderlike sacs with wide centrallu
mens into w hich the glands o pen. In the boar and rumi
nants they are compact g lands with a lobu lated surface. 

The mucous-secreting bulbourethral (Cowper's) 
glands are present in all domestic mammals except the dog. 
The columnar cells of the pseudostratified epithelium are 
tall and pale and possess basa lly displaced nuclei. 

The male urethra, which carries bo th urine and semen, 
can be divided into a pelvic and a pen ile portion. The pelvic 
urethra is lined by a transitional epithelium, which may be
come stratified columnar or cuboidal distally. Along the 
entire length o f the urethra, the connective tissue below the 
mucosa contains erectile ti ssue with thin-walled cavernous 
spaces (veins) . In the pelvic urethra this erectile ti ssue fo rms 
the stratum cavernosum (vascular stratum ). Peripheral to 
this stratum are the glands of the dissem_inate po rtio n of the 
prostate gland. The muscularis of the urethra nea r the blad
der consists of an inner and ou ter lo ngitudinal layer and a 
midd le circular layer o f smooth muscle. In the vicinity of 
the prostate gland, most of the smooth muscle is replaced 
by skeleta l urethral muscle. However, some longi tudinal 
smooth muscle remains. The Illuscularis of the pelvic ure
thra is su rrounded by an adventitia. 

The penile urethra, which courses through the ventral 
region o f the penis, is lined by a mix ture of transitional, 
stratified cuboidal , stratified columnar, or simple columnar 
epithelium. The larger, more abundant cavernous spaces of 
the penile urethra form the corpus spongiosum (corpus 
cavernosum urethra), w hich is surro unded by a tunica al
buginea . Except for an occasional cell , the wa ll of the pe
nile urethra lacks a muscularis o f smooth muscle. 



In the stallion and rumi nants the terminal portion o f 
the ureth ra extends beyond the penis, form ing a urethral 
process. It is covered by a cuta neous membrane and lined 
by transitional or stratified squamous epithel ium. In the 
stallion the urethral process contains well-developed erec
tile tissue. In the ram and bill y goat the urethral process 
contains sma ll caverno us spaces and two cords o f fibrocar
rilage that parallel the urerhra. 

The penis can be divided into the body a nd glans penis. 
Both regions contain the penile urethra with its erectile ti s
sue, the corpus spongiosum. The body of the penis (corpus 
penjs) is characterized by two addit ional masses of erectile 
tissue ca ll ed the corpora cavernosa. Each corpus caver
nosum is enclosed by the dense connecti ve tissue and elas
ric fibers of the tunica a lbugi nea . The tunic is especia lly 
thick in the boar and ruminants and conta ins smooth mus
cle in the stallion . It extends inwa rd to form a network of 
trabecul ae between which lies the spongy erecti le ti ssue. 
The latter contains cavernous spaces, lined by endothel ium 
and surrounded by various proportions o f smooth muscle 
and fibroelastic connective ti ssue. In the vascular penis of 
the stallion the smooth muscle is predominant. In the fi
broelastic penis of the boar and ruminants the cavernous 
spaces are surrounded mainly by connective tissue that is 
rich in e lastic fibers and contains li ttle o r no smooth mus
cle. In the intermediate type of penis of the ca rnivore, both 
smooth muscle and connective tissue fill the spaces between 
the cavernous vessels . The corpus cavernosum of all do
mestic ma mmals contains scattered adipose tissue in the 
connective ti ssue between the cavernous vesse ls. This is 
abundant in the tomcat, especially toward the rip of the 
corpus cavernosum, where adipose tissue nearly replaces 
the erectile tissue. 

The cavernous spaces receive their blood supply frolll 
groups of helicine arteries. The walls of these tortuous ves
sels have cushionli ke thickenings, fo rmed from longitudi
nal bundles of smooth muscle, epi thelio id cells, and abun
dant elastic tissue. 

The expanded, distal portion of the penis, ca lled the 
glans penis, is best developed in rhe stall ion a nd dog. It con
tains erectile tissue, which is continuous w ith that of the 
corpus spongiosu m. In carnivores the glans contains an os 
penis. T his bone is sma ll in the tomcat. It is well developed 
in the dog and possesses a fibrocarrilaginous tip. The sur
face (visceral prepuce) of the glans penis of the tomcat 
bears small , keratinized epidermal spines. Sma ll epidermal 
projections also occur in the sta llion and billy goat. 

The prepuce is a rubelike reflection of skin that covers 
the distal, free portion of the penis. It is composed of an ex
ternal, parietal, and visceral layer. The external layer is typ
ical skin and is continuous with the abdominal skin. The 
external layer turns inward at the prep lltial o pen ing to 
form the parietal prepuce (in ternal layer) . This, in turn, re
flects at the fornix and conti nues o nto the end o f the penis 
as the visceral prepuce. The stallion has an add itional outer 
fo ld called the sheath. Hair, sweat glands, and sebaceous 
glands occur over a variable distance fro m the external 

layer to the parietal prepuce. Glands may occur occasion
all y in the visceral p repuce of the stallion. 

CHICKEN 

The testes are situated in the a bdo mina l cav ity of the 
rooster. They are surrounded by a th in connective-tissue 
capsule, the tunica albuginea, w hich is covered by a peri
toneum. There are no well -developed septa to di vide the 
testes inro lobules. 

The epithelial ce lls of the convol uted seminiferous 
tubules are like those of mammals: Sertoli cells, spermato
gonia, primary spermatocytes, secondary spermatocytes, 
spermatids, and spermatozoa . Unl ike those in ma mmals, 
va rious cell associations do not occur in segments along the 
length of the seminiferous rubu les. Instead, the seminifer
o us epithel ium is arranged into narrow col umns o f ce ll s 
that undergo spermatogenesis independently. There is very 
little connective tissue between adjacent sem inifero us 
tubules, and interstitial cells are sparse. They occur singly 
o r in small cl usters, primaril y in the larger interstitial 
spaces. T hey are Aattened to polyhedral cells with a rela
ti ve ly large, round nucleus and cytoplasm that is often vac
uolated. 

The semi niferous w bules are continuous with straight 
tubules, which a re lined by Sertoli ce lls. Straight tubules 
lead into the anastomosing channels of the rete testis, 
w hich is lined by a simple cuboidal to squamous epirhe
liUIn. The rete testis lies outside the tunica albuginea below 
the epididymis. 

Three types of tubules occur within the epididymis: ef
ferent ductu les, connecting ducts, and the duct of the epi
didymis. The numerous, convoluted efferent ductules join 
rhe rete testis to the connecting ducts. They are lined by a 
simple epitheliu m of inrermittent groups o f ta ll and low, 
col umnar cells, as well as patches of cells that appear to be 
pseudostratified. Th e epith eli a l ce lls are a rra nged into 
fo lds, and Illany of the cells bea r tufts of ci lia. The con
necting ducts (excreto ry canals) are smaller in diameter 
than the other rubules of the epididym is and are lined by a 
pseudostrat ified co lumnar epi thelium. The epithelial cells 
are rarely c iliated and are not arranged into numerous 
fo lds as are the cells thar line the efferent ductules. Thus, 
the luminal surface of the connect ing ducts has a smooth 
appearance. The single, convo luted duct of the epididymis 
is similar in structure to the connecting ducts, except that 
it is much larger in d ia meter. All of the tubules of the epi
didymis are surrounded and bound by connective tissue. 

Ar rhe terminal portion of the epid idymis, rhe ducr of 
the epididymis joins the vas deferens. T he latter is a convo
luted duct w ith a pseudostratified columnar epithel ium, 
underlying smooth muscle, and a more periphera l layer of 
dense connective tissue. Each vas deferens merges w ith a 
small , conical ejaculatory duct, w hose submucosa conra llls 
erectile tissue. The ejaculatory duct protrudes and opens 
into the urodeum of the cloaca, marking the termination of 
the duct system of the ma le. 
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I . Gonocyte 
2. Interstitial cells 
3 . Rete testis 

4. Sex cord 
5. Straight tubule 
6. Supporting cells 

Figure 17.1 . Tes~s, x.s., Baby Boar. Developing sex cords in the 
testis of a two-day-old boar. 

Figure 17.2. Tes~s, x.s., Baby Boar. Detail of developing sex 
cords and interstitial cells. Two types of cells can be distinguished 
in the sex cord. Supporting cells (small with dark nuclei) are posi
tioned along the edges of the cords. They wi ll develop into Serloli 
cells. Gonocytes, precursors of spermatogonia, are located in the 
interior of the cords. They have lorge, pole nuclei. 
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1. Interstitial cells 8. Spermatid, late 
2. Lumen 
3. Myoid cell, nucleus 
4. Primary spermatocyte 
5. Seminiferous tubule 
6. Sertoli cell, nucleus 
7. Spermatid, early 

9. Spermatogonia 
10. Tunica albuginea 
11. Tunica albuginea, smooth muscle 
12. Tunica albuginea, vascular layer 
13. Tunica vaginalis 

Figure 17.3. Tes~s, Stallion (Mallory'sl. The tunica a lbuginea of 
the stallion is characteri zed by the presence of smooth muscle. 

Figure 17.4. Tes~s, Boar (Mallory'sl . The tunica albuginea can' 
sists of dense irregular connective tissue. It lacks smooth muscle in 
domestic mammals, except the sta llion . 

Figure 17.5. Seminiferous Tubules, Testis, Dog. A portion of 
each of three ad jacent seminiferous tubules is shown. 
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1. Efferent ductule 9. Sertoli cells 
2. Interstitial cell 
3. Mediastinum testis 
4. Myoid cell, nucleus 
5. Primary spermatocyte 
6. Rete testis, channel 

10. Spermatid, early 
11. Spermatid, late 
12. Spermatogonium 
13. Slraighllubule 
14. Transitional zone 

7. Seminiferous tubules 
8. Serioli cell, nucleus 

15. T unice albuginea 

Figure 17.6. Seminiferous Tubules, Testis, Stallion. Portions of 
four semin iferous tubules are visible. Note the numerous interstitial 
cells (abundant in the boar and stall ion) and the section through 0 

straight tubule . 

Figure 17.7. Interstitial Tissue, Testis, Ram. Interstitial tissue and 
portions of three seminiferous tubules are shown . Interstitia l cells 
are relatively sparse in carnivores and ruminants . 

Figure 17.8. Transitional Zane and Straight Tubule, Testis, Stal
lion. A transitional zone joins a seminiferous tubule to a straight 
tubule. Sertoli cells line th is zone and protrude into the lumen of 
the straight tubule. 

Figure 17.9. Rete Testis, Stallion. Anastomosing channels of the 
rete testis lie w ithin the loose connective tissue of the mediastinum 
testi s. In the sta llion the rete testis extends through the tunica al
buginea and becomes extratesticular, as in this micrograph. Junc
tions of rete channels and efferent ductules can be seen. See Fig
ure 17.10 for a magnified view of a junction . 
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8. Pseudostrolified epithelium, 
efferent ductule 

9. Smooth muscle 
10. Spermatozoa 
11. T unico albuginea, smooth 

muscle 
12. Tunica voginalis, mesothelium 

Figure 17.10. Junc~on of Rete Testis and Efferent Ductule. Stal· 
lion. The rete testis is lined by cuboidal cells, whereas the efferent 
ductule is lined by a ci liated, pseudostratified columnar epithe
lium. 

Figure 17.11. Efferent Ductules. Stallion. Various cuts th rough 
the tortuous efferent ductules are surrounded by loose connective 
tissue. 

Figure 17.12. Efferent Ductules, Stallion. Efferent ductules a re 
li ned by a ci lia ted, pseudostratified columnar epithelium. How
ever, the epithelium may be simple columnar in some places . 

Figure 17.13. Head of Epididymis. Stallion (Masson'sl. The epi
didymis is surrounded by a tunica albuginea of dense irregular 
connective ti ssue, which conta ins smooth muscle in the stallion . 
Portions of the coiled duct of the epididymis are shown. 

Figure 17.14. Head of Epididymis, Stallion. In this region the 
pseudostratified columnar epi thelium of the duct of the epididymis 
is thickest. Smooth muscle is scarce. Compare with Figures 17 .15 
and 17.16. 
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Figure 17.19 

1. Basal cell 
2. lamina propria 
3. loose connective tissue 
A. Muscularis 
5. Pseudostratified epithelium 
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6. Serosa 
7. Smooth muscle 
8. Spermatozoa 
9. Stereocilia 

10. Villus-like projection 

Figure 17,15. Body of Epididymis, Stallion. The duct of the epi· 
didymis in this region is surrounded by more smooth muscle than 
in the head of the epididymis, and the pseudostratified columnar 
epithelium is not as thick as in the head of the epididymis (see Fig. 
17.14). 

Figure 17.16. Tail of Epididymis, Stallion. A low, pseudostrati· 
Fied columnar epithelium and abundant circular smooth muscle 
characterize the duct of the epididymis in this region. In the stal· 
lion the caudal segment of the duct of the epididymis has villuslike 
projections. 

Figure 17.17. Tail ofEpididymis, Stallion. Detail of the duct of the 
epididymis lined by low, pseudostratified columnar epithelium 
and surrounded by abundant, circular smooth muscle. 

Figure 17.1 B. Vas Deferens, x.s. , Dog. The bulk of the wall con' 
sists of smooth muscle, which Forms an inner circular and an outer 
predominantly longitudinal layer with some randomly arranged 
cells. 

Figure 17,19, Vas Deferens, x,s., Stallion (Masson's) . This sec' 
tion of the vas deferens, taken from near the epididymis, has long 
mucosal folds. The inner layer of the muscularis contains interwo
ven bundles of smooth muscle. Although out of the field of view in 
this micrograph, the smooth muscle ot the outer layer of the mus
cularis is mostly arranged longitudinally . 



Figure 17.20 

Figure 17.21 

" 

• • • 

Figure 17.22 

t . 

~ 
• 

Figure 17.23 

x 62.5 
• 

I .. 

1~ 
<l ., 

x 12.5 

" 2 

x 62.5 ... , , 

x l25 

Figure 17.24 x 25 

KEY 

1. Adventitia 7. Muscularis 
2. Ampulla, lumen 
3. Basal cell, nucleus 

8. PseudostratiRed epithelium 
9. Secretion 

4. Gland 10. Serosa 
5. Interlobular septum 11 . Spermotozoa 
6. lamina propria 

Figure 17.20. Vas Deferens, x.s., Boar (Masson' s). The muscu' 
laris consists of an admixture of longitudinally and randomly ar
ranged smooth muscle. The epithelium is pseudostratified colum
nar with stereocilia present intermittently. 

Figure 17.21. Ampulla, x.s., Ram. The terminal segment of the 
vas deferens, the ampulla, contains branched tUbuloalveolar 
glands in the dog, stallion, and ruminants. The glands are poorly 
developed in the boar. The ampulla is absent in the tomcat. 

Figure 17.22. Ampulla, Ram. Detail of the mucosa. Spermatozoa 
are stored in the glands close to their openings into the lumen of 
the ampulla. 

Figure 17.23. Ampulla, Ram. The secretory alveoli are lined by 
a pseudostratified epithelium composed of cuboidal to columnar 
cells and occasional basal cells. 

Figure 17.24. Seminal Vesicle, Castrated Billy Goat. in the cas' 
trated male the glandular tissue of the accessory glands is greatly 
reduced. Compare with Figure 17.25. 

, 
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Figure 17.29 

I. Basal cell 
2. Capsule 
3. Duct 
4. Gland 
5. Interlobular septum 
6. Prostote gland 
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7. Pseudostratified epithelium 
8. Secretion 
9. Stratum cavernosum 

10. Trabecula 
11. T ransilional epithelium 
12. Urethro, lumen 

Figure 17.25. Seminal Vesicle, Ram. Lobules of tubuloolveolor 
glands are divided by interlobular septa, which contain an abun
dance of smooth muscle in ruminants. In the stallion and boar the 
septa consist predominantly of connective tissue with some smooth 
muscle. Seminal vesicles are absent in carnivores. 

Figure 17.26. Seminal Vesicle, Ram. The pseudostratified glan
dular epithelium is characterized by sparse basal cell s. Note the 
muscular septum . 

Figure 17.27. Body of the Prostate, Dog. The body of the 
prostate, which is well developed in carnivores and the stallion, is 
surrounded by a capsule of dense connective tissue and smooth 
muscle. Trabeculae from the capsule divide the gland into lobules. 

Figure 17.28. Body of the Prostate, Dog. In the dog, this is a 
serous gland. Compare with Figure 17.31 . 

Figure 17.29. Disseminate Portion of the Prostate, x.s., Ram 
{Masson's}. Th is portion of the prostate is well developed in the 
boar and ruminants. The glands ore located within the submucosa 
of the pelvic urethra. The stratum cavernosum of the pelvic urethra 
contains cavernous spaces that are smaller and less numerous 
than those of the corpus spongiosum of the penile urethra. 
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10. Spongy bone 
11. T ransilional epithelium 
12. Urethra, lumen 

Figure 17.30. Disseminate Portion of the Prostate, x.s., Rom 
IMasson's}. The transitional epithelium of both the pelvic urethra 
and a duct of the prostate gland is shown . 

. Figure 17.31. Disseminate Portion of the Prostate, x.s., Ram 
IMasson's} . The prostate is a mixed gland except in the dog, 
where there are no mucous secretory units. 

x 36 

Figure 17,32, Bulbourethral Gland, Boar. This g land is a com
pound tubular gland in the boar, tomcat, and billy goat. It is a 
tubuloalveolar g land in the stallion, bull , and rom. It is absent in 
the dog. The pale-stain ing secretory cells are columnar or pyra
midal and have basally displaced nuclei . 

Figure 17,33, Penis, x,s" Puppy, Section is through the develop· 
ing os penis, which is present in carnivores. 

Figure 17.34. Penis, x.s., Puppy. Detail of the urethra and por
tion of the as penis . 
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1. Cavernous space 8. lamina proprio 
2. Connective tissue 
3. Corpus cavernosum 
4. Corpus spongiosum 
5. Dermis 
6. Endothelium 

9. Os penis 
10. Smooth muscle 
11 . Stratified columnar epithelium 
12. T unice albuginea 
13. Urethra, lumen 

7. Epidermal spine 

Figure 17.35. Penis, I.s., Tomcat. In the tomcat the dista l portion 
of the corpus cavernosum consists largely of nonerectile, adipose 
tissue. A small os penis is present in the glans, and small spines 
are present on the surface of the glans at the tomcat. (Photomi' 
crograph of a histologic section borrowed from the College of Vet· 
erinary Medicine, Iowa State University.) 

Figure 17.36. Glans Penis, I.s., Tomcat. Detail of a keratinized 
epidermal spine. (Photomicrograph of a histologic section bor
rowed from the College of Veterinary Medicine, Iowa State Uni
versity.) 

Figure 17.37. Penile Urethra, x.s., Stallion. Portion of the penile 
urethra with abundant cavernous spaces of the corpus spongio
sum. 

Figure 17.38. Corpus Spongiosum, Body of Peni., Stallion. The 
cavernous spaces of the stallion and carnivore are surrounded bX 
connective tissue rich in elastic fibers and by many bundles of 
smooth muscle. 

Figure 17.39. Penile Urethra, x.s., Stallion. The epithelial lining 
of the urethra in this section is stratified columnar. The epithelium, 
however, is variable in the penile urethra and in places may also 
be simple columnar, transitional, or stratified cuboidal . 
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1. Adipose tissue 
2. Cavernous space 
3. Connective tissue 

6. Elastic fibers 
7 . Retractor penis muscle 
8. Smooth muscle 

4 . Connective tissue trabecula 
5 . Corpus cavernosum 

9 . Tunica albuginea 
10. Urethra, lumen 

Figure 17,40, ~ of Penis, Stallion. lorge mosses of smooth 
muscle surround the cavernous spaces of the corpus cavernosum 
of the stollion. 

Figure 17.41. Body of Penis, x,s" Boar, A portion of the sigmoid 
flexure, including tfle retractor penis muscle. 

Figure 17.42. Body of Penis, x,s" Boar (Orcein). The connective 
tissue surrounding the cavernous spaces of the corpus covernosum 
is rich in elastic fibers in the boar and ruminants. 

Figure 17.43. Bodx of Penis, Boar. In the boor ond ruminant the 
cavernous spaces of the corpus cavernosum are invested largely 
by connective tissue and only a smattering of smooth muscle . 

Figure 17.44. Penile Urethra, x.s., Rom. The distribution of the 
cavernous spaces of the corpus spongiosum of the penile urethra 
is especially well represented in this section . 
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1. Cavernous space 
2. Elastic fibers 
3. Epidermis 
4. Fibrocartilaginous cord 
5. Helicine artery 
6. Lamina propria 

8. Smooth muscle 
9. Stratified squamous epithelium 

10. Trabecula 
11. Transitional epithelium 
12. Tunica albuginea 
13. Urethra, lumen 

7. Smegma 

Figure 17.45. Body of Penis, x.s., Ram (Orcein). The cavernous 
spaces of the corpus spongiosum a re surrounded by connective 
tissue rich in elastic fibers in boars and ruminants . 

Figure 17.46. Helicine Artery, Body of Penis, Ram (Orcein). The 
corpus cavernosum contains helicine arteries, which are tortuous 
vessels with an abundance of elastic fibers throughout their walls. 

Figure 17.47. Helicine Artery, Body of Penis, Ram (Masson's). 
Junction of a helidne artery with a cavernous space in the corpus 
cavernosum. 

Figure 17.48. Urethral Process, x.s., Ram. The urethral process 
is a tortuous, wormlike extension of the urethra in the ram and billy 
goat. One of the two fibrocartilaginous cords that parallel the ure· 
thra is shown. 

Figure 17.49. Urethral Pouch, Stallion. The urethral pouch, 
found only in the sta llion, is filled with smegma, which is com' 
posed of desquamated epithelial cells and the secretion of the 
preputial glands. 
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1. Connecting dud 
2. Dermal papilla 
3. Efferent ductule 

10. Rete testis 
11. Sebaceous gland 
12. Seminiferous tubule 

4. Hair follicle 13. Sertoli cell, nucleus 
5. Interstitial cell 
6. Lymphatic nodule 
7. Parietal rrepuce 
8. Preputia gland 
9. Primary spermatocyte 

14. Spermatid, early 
15. Spermatid, late 
16. Spermatogonium 
17. Stratified squamous epithelium 
18. Visceral prepuce 

Figure 17.50. Parietal Prepuce, Stallion. The dermis contains se' 
baceous glands and tubular preputial (sweot) glands. 

Figure 17.51. Prepuce, Boar. The parietal and visceral prepuce 
are shown. 

Figure 17.52. Testis and Epididymis, x.s., Rooster. Seminiferous 
tubules, the rete testis, and portions (efferent ductules and con
necting ducts) of the epididymis. 

Figure 17.53. Interstitial Tissue, Testis, Roaster. Interstitial (Ley· 
dig) cells are found principally in the larger intertubular spaces. 
These cells are either polyhedral or elongated and may contain 
vacuoles. 
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2. Efferent ductule 
3. Primary spermatocyte 
4 . Rete testis 
5. Seminiferous tubule 
6. Sertali cell , nucleus 
7. Spermatid, early 
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8. Spermatid, lote 
9. Spermatogonium 

10. Spermatogonium, dividing 
11 . Spermatozoa 
12. Siraight tubule 
13. Tunica albuginea 

Figure 17.54. Seminiferous Tubules, Testis, Rooster. Detail of 
portions of adjacent seminiferous tubules. Note that the seminifer
ous epithelial cells are organized into narrow columns. 

Figure 17.55. Testis, Rooster. A straight tubule, lined by Serloli 
cells, connects a seminiferous tubule with the rete testis . 

Figure 17.56. Straight Tubule, Testis, Rooster. Serloli cells form 
the epithelium of straight tubules. 

Figure 17.57. Junction of Rete Testis and Efferent Ductule, 
Rooster. The epithelial cells lining efferent ductules vary in shape 
and many possess cilia . The rete testis is lined by squamous ep
ithelial cells . 
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1. Cilia 
2. Connecting duct 
3. Duct of the epididymis 
4. Efferent ductule 

5. Pseudostratified epithelium 
6. Smooth muscle 
7. Spermatozoa 

Figure 17.58. Efferent Ductule, x.s., Rooster. Detail of an effer
ent ductule. The epi thelial cells vary in shape, and many bear cilia . 
The epithelium is folded and is su rrounded by loose connective tis· 
sue. Occasionally, smooth muscle may be present. 

Figure 17.59. Connec~ng Duct and Efferent Ductule, Rooster. 
Connecting ducts present a smooth inner surface a nd are lined by 
a pseudostratified columnar epithelium with occasional basal 
cells. The epithelial cells are generally without cilia. In contrast, the 
efferent ductule has a folded lining, and its epithelial cells are 
mostly ciliated. 

Figure 17.60. Duct of the Epididymis, Rooster. The duct of the 
epididymis has a larger diameter than a connecting duct, but oth· 
erwise is comparable in structure with the latter. 

Figure 17.61. Vas Deferens, Distal, Rooster. The lining epithe· 
lium is similar to that of the epididymis. A layer of smooth muscle 
separates the epithelium from the surrounding connective ti ssue. 
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MAMMALS 
he ova ries, oviducts, uterus, vagina, and vulva are the major components of the 
mammalian female reproductive system. A simple squamous or cuboidal epithe
lium, germinal epithelium, often missing from hi stologic preparations, covers the 

cortex of the ovary. Beneath the epithelium is a layer of dense connective tissue, the tu

nica albuginea. A cortical stroma, containing ovarian follicles in various stages of devel
opment, lies interna l to the tunica albuginea. Tn bitches and queens, but ord inarily not in 
other domestic mammals, cords o f epithelioid cells ca lled interstitial glands occu r 
throughout the stroma. The epithelioid cells are derived from the theca interna of atretic, 
an tral fo llicles or from the granulosa cells of atretic, prea ntral follicles . 

A medulla consisting of richly vascularized loose connective tissue lies internal to the 
ovarian cortex . In the mare rhe medullary tissue is located external to the cortex. Chan
nels, lined by a cuboidal epithelium and ca lled the rete ovarii, are conspicuous compo
nents o f the med ulla in carnivores and ruminants. Hilus cells (groups of epithelioid cells) 
may be found close to the rete ovarii in the region of the hilus in some mammals. 

Primordial follicles are the least developed and most numerous foll icles o f the ovary. 
They lie just below the tunica albuginea. Each consists of a primary oocyte surrounded 
by a layer of simple squamous follicle cells. In response to periodic hormonal stimulation, 
growth is initiated in some of the primordial follicles. The ea rliest growing follicle, the pri
mary follicle, consists of an enlarging oocyte surrounded by a layer of cuboidal cells. Pro
liferation of the follicle cells results in the formation of a multilaminar (late primary) fol
licle. Fluid-filled spaces appearing between the follicle cells gradually coa lesce, forming an 
antru m. Concomitantly, an acidophilic, translucent membrane, the zona pellucid a, ap
pears around the oocyte. Further growth results in the formation of a secondary follide 
with a C-shaped antrum. Its fo llicle cells are now ca lled the membrana granulosa. A 
sheath of stromal cells, the theca folliculi, forms around the follicle. The theca differenti
ates into a cellular, vascular inner layer, the theca interna, and an outer layer of connec
tive tissue, the theca externa. The boundary between the stroma and the theca extern a and 
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that between the theca externa and theca interna is often in
d istinct. Continued growth results in the formation of a 
large tertiary (Graafian ) follicle whose oocyte is sur
rounded by a multilayer of membtana gtanulosa cells, the 
cumulus oophorus. The col umnat cells of the innermost 
portion of the latter constitute the corona radiata, which is 
separated from the oocyte by the zona pellucida. 

Ordinarily, each mature tertiary follicle conta ins a sin
gle oocyte. The follicles of certain anima ls (carnivotes, 
sows, and ewes) may, however, contain as many as six 
oocytes. 

Mature foll icles vary widely in size. They are about 2 
mm in diameter in the bitch and queen, 15 mm in the cow, 
and as large as 70 mm in the mare. Maximum size is 
reached just prior to ovulation. Following ovulation, gran
ulosa cells and cells of the theca interna of most species 
m ul t ipl y, hypertrophy, and differentiate into gran ulosa 
lutein cells and smaller, more peripheral theca lutein celis, 
respectively, of the corpus luteum. A yellow pigment 
(lutein) is formed by the luteal cells of the cow, mate, and 
carnivores, but is lacking in ewes, nanny goats (does), and 
sows. Luteal cells produce progesterone. Regtession of the 
corpus luteum occurs du ring late diestrus, leaving scar tis
sue, the corpus albicans. 

Although many ptimordial fo llicles begin the process 
of growth and differentiation, few become mature. The 
majority undergo a degenerative regression, called atresia. 
The oocyte and membrane granu losa degenerate fitst. Cells 
of the theca interna hypertrophy, and the zona pellucida 
becomes swollen. Eventua lly, the entire follicle is resotbed. 

The oviduct is a musculat tube consist ing of an isth
mus, which arises from the uterus; a middle segment, the 
ampulla; and a funnel-shaped infundibulum, which lies 
next to the ovaty. Ftom the outside inward, the wall of the 
oviduct is comprised of a serosa, muscularis, lamina pro
pria, and epithelium. The muscularis, which is thickest in 
the isthmus, is formed mainly from circular smooth muscle 
with a modicum of longitudinally arranged smooth muscle 
externa l to it. Many of the epithel ial cells lining the cavity 
of the ovid uct ate cili ated. In part, the epithel ium of tumi
na nts and sows is pseudostratified. The mucosa is thrown 
into longitudin al folds, with less folding occurring in the 
isthmus than in the ampu lla. 

The wall of the bicornuate uterus of domestic mam
mals has three layets: the outet perimetrium (serosa), mid
dle myometrium, and inner endometrium (mucosa ). The 
myometrium is divisible into a th ick, inner circular layer 
and a thin, outer longitudinal layer. A richly vascu larized 
and we ll -innervated stratum vasculare usually sepa rates 
the muscle layers. The stratum vasculare, however, is in-

. distinct in the sow and may be located in the outer half of 
the circular layer in the cow. 

The epithelium of the endometri um is simple cuboidal 
or columnar in the bitch, queen, and mare, but may be 
stratified or pseudostratified in rumi nants and sows. Sim
ple, branched uterine (endometrial ) glands extend into the 
la mina propria. These may be considera bly coiled in the 
mare, sow, and ruminants. Nonglandular regions of the en
dometrium, ca lled caruncles, occur in ruminants. 

The mucosa of the uterine cervix is elevated into longi
tudinal folds that may become subdivided into secondary 
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and tertiary folds. The epithelial lining is simple columnar 
with goblet cells. In the bitch, however, it is stratified squa
mous. Glandular tissue fades in the cervix, extending to the 
cervical os on ly in carnivores. An inner circular and an outer 
longitudinal layer of smooth muscle form the muscularis. 

The esttOUS cycle consists of a succession of stages. The 
first stage, proestrus, is characterized by endometrial 
growth. It is followed by estrus, o r period when the female 
is receptive to the male. In most species, ovu lation occurs 
during esttus. The development of the corpus lureum oc
curs during the next stage, metestrus. Diestrus follows 
metestrus and coincides with the presence of a fully func
tional corpus luteum . During this time the development 
and secretory activity of the endometri a l glands peak. 
Anestrus, a period of sexual inactivity, follows diestrus. 

The placenta is derived from the endometrium and the 
chorioallantoic membrane (CAM) . The degree of int imacy 
between these rwo components varies and is a basis for 
classifying placentas. A placenta is indeciduate when these 
two membranes are in contact but are not intimately fused. 
The placenta is deciduate when the membranes have be
come fused. Little or no endometrium is lost during the 
birth process in animals having an indeciduate placenta 
(mare, ruminants, and sow). Conversely, considerable mu
cosa is lost at parturition in ani mals with deciduate placen
tas (carnivores) . 

The extent to which the CAM contributes to the pla
centa is variable. If most of the CAM contributes, as in the 
mare and sow, the placenta is diffuse; if numerous but iso
lated areas contribute, as in ruminants, the placenta is 
cotyledonary; when a beltlike portion of the CAM con
tributes, as in carnivores, the placenta is zonary. 

The surfaces of the chorioalla ntoic membrane and the 
endometrium may contact one another in three different 
ways. T hese rypes of contact are designated as folded, vil
lous, and labyrinthine. In the sow both surfaces are fo lded 
and are closely applied to each other. In the mare and ru
minants chorioa llantoic vi lli insert into pockets (crypts) in 
the endometrium. In ca rnivores the apposed su rfaces form 
a complex, interlinked, fused labyrinth. 

Class ification of the placenta can also be based on the 
number of tissue layers separating the fetal and maternal 
blood. Ln the mare and sow six layers intervene: the en
dothelium, connective tissue, and epithelium of the CAM; 
and the epithelium, connective tissue, and endothelium of 
the endometri um. This configuration characterizes the ep
itheliochorial placenta. In ewes and nanny goats (does) the 
epithelium of the caruncles (endometrial elevations where 
functional contact with the CAM is made) is lost, thereby 
red ucing the number of tissue layers to five (syndesmocho
rial placenta). In the cow the epithelium of the caruncle re
mains intact (epithel iochoria l), but portions of the inter
caruncu lar epithelium degenerate. In carnivores both the 
endometrial epithelium and the endometrial connective tis
sue are lost, bringing the epithelium of the CAM and the 
endothelium of the endometrium into contact. On ly four 
tissue layers sepa rate the fetal and maternal blood in this 
type, the endotheliochorial placenta. 

A mucosa, muscu laris, and adventitia or serosa (cra
nial region only) form the wa ll of the vagina. The mucosa 
is lined, throughout, by a stratified squamous epithelium in 



all species except the cow. In the anterior portion of the 
vagina of the cow, the epithelium is stratified columnar 
with goblet cells. In carnivores, the epithelial cells become 
keratinized during estrus. A lamina propria and submucosa 
are presenr. Usually, the inner layer of the muscularis is 
thkk and consists of circularly arranged smooth muscle, 
while the outer layer is thin and consists of longitudinally 
organized smooth muscle. In some animals (birch, queen, 
and sow) a thin layer of longitudinal muscle occurs internal 
to the ci.rcu lar layer. An adventit ia or serosa is present. 

Vaginal cytology provides a way of determining stages 
of the estrous cycle of the bitch or queen a nd therefore can 
be helpful to the practitioner who is trying to determine the 
best time to breed an anima l. In the bitch, for exa mple, 
proestrus, estrus, diestrus, and anestrus are stages of the es
trous cycle. The formation of the corpus luteum occurs 
during late estrus in the bitch . Therefore, there is no 
metestrus. Proestrus lasts an average of 9 days and is char
acterized by a watery, bloody discharge and swollen vulva . 
Estrus is evidenced when a bitch is willing to stand for mat
ing, and ordinarily lasts about 9 days. A clea r o r bloody 
discharge is present. Diestrus lasts for about 2 months and 
begins on the day when the bitch no longer tolerates a 
male's advances. Anestrus follows diestrus and may last 
from two to ten months. 

Various types of epithelial cells are found in vaginal 
smears taken during the estrous cycle. Parabasal cells are 
the smallest. They are round cells with round nuclei, and 
have the highest nucleocytoplasmic ratio of any of the 
sloughed cells. Intermediate cells are larger than para basal 
cells. Their nuclei are similar in size and shape to those of 
the latter. The corners of intermediate cells are rounded . 
Superficial intermediate cells (transitional cells) are bigger 
than intermediate cells and have angular edges. Their nu
clei resemble those of para basal and intermediate cells. Su
perficial cells are similar in size to superficial intermediate 
cells. Their edges are angular and may be folded. Their nu
clei are pyknotic, faded, or lacking. 

Smears taken during proestrus (early to mid) may con
tain erythrocytes and neutrophils as well as para basal, in
termediate, superficial intermediate, and superficia l cells. 
During late proestrus, superficia l intermediate and superfi
cial cells are the most numerous, and neutrophils decline. 

The vast majority (90 % or more) of cells found in 
smears taken during estrus are superficial cells. During late 
proestrus, simi lar smears may be obtained. Ordinarily, dur
ing estrus, neutrophils are nOt observed. Erythrocytes show 
a reduction in number, but in many bitches they can be 
found throughout estrus and into early diestrus. Bacteria 
may be found in estrous smears. 

During diestrus, superficial ce lls decrease by a mini
mum of twenty percent. Parabasal and intermediate cells, 
which may have been absent or very sparse, increase to 
more than 10% and frequently rise to more than 50% . Al
though neutrophils reappear during diestrus, smears from 
some bitches conta in few or none. Because erythrocytes 
may be present in smears from early diestrus, it is not pos
sible to distinguish proestrus from diesrrus without taking 
more than one smear. 

During anestrus, para basal and intermed iate cells pre
dominate in smears. Bacteria may be found, but will be less 

abundant than in proestrus or estrus. Neutrophils may oc
cur, but are ordinarily less abundant than in early diestrus. 

In domestic mammals, the vulva includes the vestibule, 
labia, and clitoris. The mucosa l epitheli um is stratified 
squamous. The major vestibu lar glands are bilateral, mu
cus-secreting, tubuloacinar glands in the submucosa, found 
in ruminants and the queen. Minor vestibular glands occur 
in the mucosa of most domestic animals. They are small, 
branched, tubular, mucous glands distributed through the 
vestibular mucosa . 

The integument of the labia (lips of the vulva) has a 
structure like that of the external skin . It is well endowed 
with both sebaceous and tubular apocrine glands. 

The cl itoris consists of erectile tissue (corpus caver
nosum clitoridis), a glans, and a prepuce. The amount of 
erecti le tissue varies. The prepuce has parietal and visceral 
components as in males. 

CHICKEN 

The left ovary and oviduct represent the reproductive or
gans of the hen. The ovary consists of an outer cortex that 
envelops a vascu lar medulla. Ovarian follicles of various 
sizes occur within the cortex. A layer (germinal epithel ium) 
of cuboidal or flattened cells covers the cortex. The tunica 
albuginea, composed of dense connective tissue, lies below 
the epithelium. A stroma of loose connective tissue occurs 
below the tunica albuginea . 

Developing follicles occur throughout the stroma of 
the cortex. Large follicles are suspended from the surface of 
the ovary by stalks of cortical tissue. Each follicle consists 
of a growing, yolk-laden oocyte with a rounded nucleus 
(germinal vesicle). The oocyte is surrounded by severallay
ers. These are, from the outside inward, the theca externa, 
theca intern a, membrana granulosa, and perivitelline mem
brane. The latter abuts the surface membrane of the oocyte. 

The theca externa is formed from a compact connec
tive tissue that conta ins groups of pale interstitial (luteal ) 
cells. The latter may also be found, in groups, in the corti
cal stroma and medulla . The theca interna is only about 
one quarter as thick as the externa. It is formed from a 
compact layer of sp indle-shaped cells. The membrana 
granulosa consists of a single layer of cuboidal cells in the 
smallest a nd largest follicles, but in those of intermediate 
size, the epithel ium is pseudostratified columnar. 

The cortex of the mature ovary also conta ins concen
trations of fat-filled vacuolar cells. Numerous fat vacuoles 
occur throughout the cytoplasm of these cells, and their nu
clei are pyknotic. Collections of these cells are believed to 
represent regressing postovulatory follicles. 

Atretic fol1icles are common ly found in normal active 
ovaries. In the most common type of atretic follicle, cells of 
the membrana granulosa proliferate, forming a number of 
irregular layers around the oocyte. The oocyte becomes 
smaller and is eventually replaced by granulosa cells. Ulti
mately, scar tissue replaces the granulosa cells. In o lder 
birds, the oocyte becomes surrounded by hyperplastic and 
hypertrophied interstitial (lutea l) cells during atresia. Both 
the oocyte and the cells of the membrana granulosa even
tually degenerate. 
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The oviduct of the chicken is tortuous and muscular. It 
consists, in anterioposterior sequence, of the following five 
regions: infundibulum, magnum, isthmus, shell gland 
(uterus), and vagina. From the outside inward, the wall of the 
oviduct consists of a serosa, muscularis (outer longitudinal 
and inner circular Sl1100th muscle), lamina propria, and ep
ithelium. In most regions, the lamina propria contains glands. 

The infundibulum is composed of a thin-walled funnel 
and a neck region. Scattered bundles of smooth muscle lie 
within the connective tissue between the serosa and cili
ated, simple columnar epithelium. Longitudinal folds are 
present in the mucosa within the interior of the funnel near 
the neck. The folds increase in depth within the neck, and 
seconda ry folds appea r. The muscularis becomes sorted 
out into ci rcu lar and longitudinal layers in the neck. 

The magnum is the longest part of the ovid uct. Its well 
developed tubular glands produce albumin. Its mucosal 
folds are more numerous and taller than those of the in
fundibulum. Tertiary folds are present. The muscularis is 
berrer developed than in the infundibulum. The pseudos
tratified epithelium is composed of ciliated columnar cells 
and secretory (goblet) cells. 

The isthmus is a relativel y shorr region with a diame-
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ter less than that of the magnum. Its longitudinal mucosal 
folds possess numerous secondary fo lds. The muscularis is 
better developed than the magnum's. The epithel ium is cil
iated, pseudosrratified col umnar with secretory ce lls. Irs 
numerous tubular gla nds secrete the shell membranes. 

The uterus is an expanded portion of the oviduct. Its 
walls are not as thick as those of the preced ing segments. 
The muscularis is we lJ developed, especiall y the longitudi
nal layer. The mucosa is thrown into longitudinal, leaf
shaped folds that are covered by a ciliated, pseudostrati
fied, columnar epitheli um. The shell of the egg is produced 
from secretions of its tu bular glands. 

The vagina is a short, narrow duct. Its muscularis is 
well developed, especially the circu lar layer. Its mucosa is 
thrown into numerous tall , narrow folds bea ring many 
small secondary fo lds. The surface is covered by a cil iated, 
pseudosrratified columnar epithel ium with mucous cells. 
Sperm storage occurs in the sperm-host glands. These tubu
lar glands occur within the connective tissue of the mucosa 
of the vagina near the junction between the uterus and 
vagina. After insemin ation, sperm appear in co mpact 
masses within the glands. The vagina of the ovid uct opens 
into the urodeum of the cloaca. 
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Figure 18.1. Ovary, Queen. Follicles of various ages and a cor
pus luteum can be seen in the cortex. A portion of the vascula r 
medulla is present. 

Figure 18.2. Ovary, Queen. Early follicles in the outer region of 
the cortex. 

Figure 18.3. Ovary, Bikh. A multi laminar, primary follicle . 
• 

Figure 18.4. Ovary, Queen. A young, tertiary follicle. 
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Figure 18.5. Ovary, Sikh. Portion of the wall of a tertiary follicle, 
and part of an ad jacent corpus luteum. 

Figure 18.6. Corpus Luteum, Ovary, Saw. Peripheral region of a 
corpus luteum showing theca lutein cells Isma il ) and granulosa 
lutei n cells (large). 

Figure 18.7. Ovary, Sikh. Atretic fo llicles, each with a swollen 
zona pell uc ida. 

Figure 18.8. Corpus Albicans, Ovary, Cow (Masson',). The scar 
tissue of the corpus a lbicans is sta ined brigh t blue-g reen in this 
preparation. 
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Figure 18.9. Ovary, Bitch. Several interstitial glands are visible 
within the stroma between two corpora luteo. 

Figure 18.10. Interstitial Glands Ovary, Bitch. Cords of epithe· 
liaid cells farm the parenchyma 01 interstitial glands. These glands 
are well developed in queens and bitches. 

Figure 18.11. Hilus Cells, Ovary, Cow. Clusters of epithelioid 
ceil s, located in the vicin ity of the hilus, are called hilus cells. They 
resemble the epithelioid cell s of the interstitial glands (see Fig . 
18.10). 

Figure 18.12. Rete Ovarii, Ovary, Caw. Cards of cells, or chan
nels lined by cuboidal epithelial cells, located in the medulla of the 
ovary are called the rete ovarii. They are considered to be homol
ogous to the rete testis. 

Figure 18.13. Fimbria of Infundibulum, Oviduct, Mare. The mu
cosa of the fimbria is highly folded. 
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Figure 18.14. Fimbria of Infundibulum, Oviduct, Mare. Detail 01 
the wal l. Note the smooth muscle 01 the thin muscularis. 

Figure 18,15. Fimbria of Infundibulum, Oviduct, Cow. Portions 
of the fimbria may lack smooth muscle, as in this example. 

Figure 18.16. Infundibulum, Oviduct, Cow IMasson'sl . The ep
ithelium consists of ciliated, columnar epithelial cells and noneili· 
ated, secretory cells. Extruded nuclei , which appear to arise from 
epithelial cells, are common. 

Figure 18.17. Infundibulum, Neck, Oviduct, x.s., Caw. The mu
cosa is highly folded , and the muscularis is thin. 

Figure 18.18. Ampulla, Oviduct, X.s., Cow. The mucosa is highly 
folded. The muscularis is relatively thick. Compare with Figure 
18.17. 
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8 . Myometrium, longitudinal 
9 . Stratum vasculore 

Fi9ure 18.19. Isthmus1 Oviduct, x.s., Mare. The mucosa of the 
isthmus has fewer folds than any other part of the oviduct. The 
muscularis is thickest in this part of the oviduct. 

Figure 18.20. Uterine Horn, x.s., Anestrus, Bitch. The en
dometrium is thin and the glands are sparse in anestrus. 

Figure 18.21. Uterine Horn, x.s., Anestrus, Queen. The lumen of 
the anestrus uterus is lined by a simple cuboidal epitheli um. 

Figure 18.22. Uterine Horn, x.s., Proestrus1 Bikh. In proestrus, 
the endometrium becomes th icker and the glands enlarge. 

Figure 18.23. Uterine Horn, x.s., Proestrus, Bikh. Luminal ep
ithelial cell s become columnar during proestrus and estrus . 
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Figure 18.24. Uterine Horn, x.s., Estrus, Bitch. A thick en
dometri um and highly developed glands a re characteristic of the 
estrous uterus. 

Figure 18.25. Uterine Horn, x.s., Diestrus, Bitch. The en
dometrium and its glands become fu lly developed during diestrus. 

Figure 18.26. Mesometrium, Bitch. The mesometrium contains 
an abundance of smooth muscle a nd numerous blood vessels. 
Smooth muscle of the mesometrium is continuous with the outer, 
longitudinal layer of the myometrium. 

Figure 18.27. Uterine Horn, Brood Mare (Orcein). There is an 
abundance of elastic fi bers (red-brown in this micrograph) in the 
in tima and adventitia of blood vessels of the uterus of animals that 
have been through a pregnancy. The section is from the mid
region of the myometrium . 

Figure 18.28. Uterine Horn, Brood Mare. Detai l of a portion of 
an artery in the myometrium. The intima becomes thickened wi th 
elastic fi bers and smooth muscle in animals who have experienced 
a pregnancy. The adventitia a lso becomes heavily infi ltrated with 
elastic fibers. 
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Figure 18.29. Uterine Horn, x.s., Metestrus, Cow. Metestrous 
bleeding occurs in the cow. Numerous erythrocytes of hemor
rhagic regions can be seen beneath the surface epithelium (see 
Fig. 18.30). 

Figure 18.30. Uterus, Metestrus, Cow. Detail of Figure 18.29. 
Hemorrhagic regions are evident in the endometrium beneath the 
surface epithelium. The epithelial cells are cuboidal during 
metestrus in the cow. 

Figure 18.31. Uterine Horn, Cow (Mosson's). The epithelial cells 
lining the uterine glands are sometimes ciliated, as in this section. 

Figure 18.32. Coruncle, Uterus, x.s., Cow. The endometrium of 
the uterus of ruminants contains nonglandular, highly cellular 
prominences called carundes. Uterine glands that lie deep to the 
caruncle open near its base. 

Figure 18.33. Caruncle, Uterus, Cow. The caruncle consists of 
highly cellular (mostly fibroblasts) connective tissue, and numerous 
blood vessels located beneath the epithelium. 
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1. Allantoic blood vessel 
2. Allantoic epithelium 
3. Chorioallantoic membrane 
4. Chorion reeve 
5. Deep glandular layer 

6. Marginal hematoma 
7. Myometrium 
8. Placental labyrinth 
9. Spongy loyer 

10. Supraglandulor loyer 

Figure 18,34, Placenta (Zonary and Endotheliochorial), Bitch 
(Drawing). Carnivores have a zonary placenta that appears, 
grossly, os a beltlike band around the middle of the chorionic soc. 
The chorionic (fetal) tissue penetrates to the endothelium of the mo ' 
ternal blood vessels. A placenta with this type of fetal· maternal 
junction is called an endotheliochorial placenta. The association 
between the maternol endothelium and syntrophoblast can be 
seen in Figures 18.37 and 18.39 . 

Note: This drawing is of a section through a portion of one of the 
edges of the zonary placenta of a bitch. 

Figure 18.35, Placenta (Zonary and Endotheliochorial), Bitch 
(Trichrome), Section through the deepest layers of the placento 
(see Fig. 18.34 for loeotion). The spongy layer is formed by the 
occluded uterine glands in the mid· region of the endometrium. The 
deep glandular layer consists of the bases of the uterine glonds. 
The supraglandular layer is a sheet of connective tissue betvveen 
the deep glandular and spongy layers. (Photomicrogroph of a his· 
tologic section borrowed from the College of Veterinary Medicine, 
Iowa State University.) 

Figure 18.36. placenta (Zonary and Endotheliochorial), Bikh 
(Trichrome). Portion of the chorioallantoic membrane and the pia· 
centollobyrinth (see Fig. 18.34 for location). The chorioallantoic 
membrane in this micrograph appears thicker than normal be
cause of the presence of extensive space artifact. Note the pres
ence of fetal blood vessels in the chorioallantoic membrane. (Pho' 
tomicrogroph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 
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1. Allantoic blood vessel 
2. Chorioallantoic connective 

tissue 
3. Cytotrophoblost 
4. Eroded endometrial epithelium 
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5. Maternal blood vessel 
6. Necrotic endometrial tissue 
7. Syntrophoblast 
8. Trophoblastic projection, 

vacuolated cells 

Figure 18.37. Placenta (Zonory and Endotheliochorial), Bitch 
(Trichrome). Section is through the placental labyrinth. Both ma
ternal and fetal companents of this endotheliochorial placenta can 
be seen. (Photomicrograph of a histologic section borrowed from 
the College of Veterinary Medicine, Iowa State University.) 

Figure 18.38. Placenta (Zonary and Endotheliochorial), Bitch 
(Trichrome). Detail of the placental labyrinth. The maternal blood 
vessels are lined by endothelial cells with bulging nuclei. (Pho
tomicrograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 

Figure 18.39. Placenta (Zonary and Endotheliochorial), Bitch 
(Trichrome). Trophoblastic projections, lined by large, pale, vac
uolated cells, protrude into spaces (areolae) in the region where 
the placental labyrinth is forming . A portion of the maternal tissue, 
which has been partially destroyed by the invading trophoblast, is 
represented by the red-stained, necrotic ti ssue seen in the lower 
leh quadrant of the micrograph. (Photomicrograph of a histologic 
section borrowed from the College of Veterinary Medicine, Iowa 
State University.) 

Figure 18.40. placenta (Zonary and Endotheliochorial), Bitch 
(Trichrome). Detail of Figure 18.39. (Photomicrograph of a histo
logic section borrowed from the College of Veterinary Medicine, 
Iowa State University.) 
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1. Allantoic blood vessel 
2 . Chorioallantoic membrane 

8. Marginal hematoma 
9. Maternal blood vessel 

3. Chorioallantoic villus 
4. Chorioallantoic villus, epithe-

lium 
5 . Chorion laeve, epithelium 
6. Crypt 
7. Crypt, epithelium 

10. Microplocentome 
11 . Placental labyrinth 
12. Spongy zone 
13. Uterine gland 
14. Uterus, epithelium 

Figure 18.41. Placenta (Zonary and Endotheliochorial), Bitch 
(Trichrome). A portion of a marginal hematoma, consisting of 
large compartments filled with blood derived from hemorrhaging 
uterine blood vessels, is shown (see Fig. 18.34 for location). (Pho· 
tomicrograph of a histologic section borrowed from the College of 
Veterinary Medicine, Iowa State University.) 

Figure 18.42. Chorion Laeve, Bitch (Trichrome). The chorion 
Iceve is the part of the chorioallantoic sac that is not involved in 
the formation of the placenta . Its surface is smooth and is apposed 
to the uterine epithelium . This section is from the region adjacent 
to the hematoma of the placenta (see Fig. 18.34 for location). 
(Photomicrograph of a histologic section borrowed from the Col· 
lege of Veterinary Medicine, Iowa State University.) 

Figure 18.43. Placenta (Diffuse and Epitheliochoriall, Mare. In 
the horse small tuns of branched chorioallantoic villi interdigitate 
with crypts of the endometrium. Together, the tuns and the crypts 
form structures called microplacentomes. IPhotomicrograph of a 
histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 18.44. Placenta (Diffuse and Epitheliochorial), Mare. De' 
tail of a microplacentome. longitudinal and cross sections of 
chorioallantoic villi are surrounded by endometrial crypts. The ep
ithelium of the crypts, which may vary in height, is fiaHened in this 
region. The villi contain blood vessels and connective tissue and 
are covered by pink·stained trophoblast cells. (Photomicrograph 
of a histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 
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Figure 18.48 

1. Allantoic blood vessel 
2. Chorioa llantoic membrane 
3. Chorioallantoic membrane, 

primary fold 
4. Chorioallantoic membrane, 

secondary fold 
5. Chorioallantoic villus, epithe-

lium 
6. Crypt, epithelium 
7. Cuboidal cells 
8. Endometrium, connective tissue 
9. Endometrium, primary fold 

X 12.5 
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10. Endometrium, secondary fold 
11. High columnar cells 
12. Intercotyledonary en-

dometrium 
13. Low columnar cells 
14. Maternal blood vessel 
15. Myometrium 
16. Placentome 
17. Space artifact 
18. Stalk of placenlome 
19. Uterine gland 

Figure 18.45. Placenta (Diffuse and Epitheliochorial), Mare. De· 
tai l of a placentome ad jacent to the endometrium. The epithelium 
of the endometrial crypt consists of pale, cuboidal cells. The ep' 
itheli um of the chorioallantoic vi lli is formed from pink-stained 
cuboidal and low columnar cells. (Photomicrograph of a histologic 
section borrowed from the College of Veterinary Medicine, Iowa 
State Un iversity.) 

Figure 18.46. placenta (Diffuse and Epitheliochorial), Sow 
(Trichrome). The placenta of the sow is folded, diffuse, and ep' 
itheliochorial. Folds of the chorioallantoic membrane interdig itate 
with folds of the uterus. (Photomicrograph of a histologic section 
borrowed from the College of Veterinary Medicine, Iowa State 
University.) 

Figure 18.47. placenta (Diffuse and Epitheliochorial), Sow 
(Trichrome). Interdigitati ng secondary folds of the chorioa llantoic 
membrane and endometrium. The bases of the folds of the 
chorioa llantoic membrane are li ned by high columnar epithelial 
cells, whereas the crests of the maternal folds are covered by 
shorter columnar cells. The remainder of both epithelial surfaces is 
li ned by cuboidal or flattened cell s. Note that the chorioallantoic 
epithelial surface is invaded by capi llaries. (Photomicrograph of a 
histologic section borrowed from the College of Veterinary 
Medicine, Iowa State University.) 

Figure 18.48. Placenta (Cotyledonary and Epitheliochoriali. 
Cow. A section th rough a placentome formed from the association 
of a cotyledon (clumps of chorioallantoic vill i) with a uterine carun' 
cle (endometrial elevation) . Note that the endometrial epitheli um 
of the intercotyledonary region is disconti nuous. 
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1. Allantoic blood vessel 
2. Chorioallantoic villus, branch 
3. Chorioallantoic villus, main stem 
4. Cilia 
5. Crypt 
6. Cryptol epithelium 
7. Diplokoryocyte 

x 250 

8. lamina propria 
9. Primory fold 

10. Secondory fold 
11 . StratiRed squamous 

epithelium 
12. Tertiory fold 

Figure 18.49. Placenta (Cotyledonary and EpitheliochorialJ. 
Cow. Detail of Figure 18.48 . Highly branched chorioallantoic villi 
interdigitate with uterine crypts. 

Figure 18.50. placenta (Cotyledonary and EpitheliochorialJ, 
Cow. Detail of a portion of a placentome adjacent to the stalk. 
Note that the cryptal epithelium is cuboidal or Hanened. The ep' 
ithelium of the chorioallantoic villus consists of irregularly shaped 
cells and binucleate giant cells (diplokaryocytes). 

Figure 18.51. Cervix of Uterus, Bitch. The mucosa of the cervix is 
thrown into folds. The epithelium of the bitch 's cervix is stratified 
squamous. (Photomicrograph of a histo logic section borrowed 
from the College of Veterinary Medicine, Iowa State University.) 

Figure 18.52. Cervix of Uterus, Mare. Cervical folds are evident. 

Figure 18.53. Cervix of Uterus, Mare (Masson's). The cervical 
epithelium is simple columnar, except in the bitch (see Fig. 18.51). 
Epithelial cells may be ci lia ted . 
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1. Adventitia 
2. Cavernous spaces 
3. Columnar cells 
4. Duct 
5. Keratinized cells 
6. lamina propria 
7. Minor vestibular gland 

x 62.5 

KEY 

8. Muscularis 
9. Stratified epithelium 

10. Stratified squamous epithe-
lium 

11. Transitional epithelium 
12. Urethral epithelium 
13. Vestibular epithelium 

Figure 18.54. Vagina. Anestrus, Bitch. The epithelium of the car· 
nivore' s anestrous vagina is stratified squamous to stratified 
cuboidal. (Photomicrograph of a histologic section borrowed from 
the College of Veterinary Medicine. Iowa State University.) 

Figure 18.55. Vagina, Estrus, Queen. In carnivores, the vagina 
is lined by a thickened, keratinized, stratified squamous epithe
lium during estrus. Exfoliated keratinized cells are visible in the 
vaginal lumen in this micrograph . 

Figure 18.56. Urethra, x.s .• Queen. Section was token from the 
region dose to the bladder. This portion of the urethra is lined by 
a transitional epitheli um. (Photomicrograph of a histologic section 
borrowed from the College of Veterinary Medicine. Iowa State 
University.) 

Figure 18.57. Junction of Vestibule and Urethra. x.s .• Queen. 
Near the vesti bule, the urethra is li ned by a stratified squamous 
epithelium. Note the presence of cavernous spaces in the connec
tive tissue ad jacent to the muscularis. Such spaces occur only in the 
distal two-thirds of the urethra in the doe, ewe, and queen . In a ll 
other domestic mammals, cavernous spaces occur throughout the 
entire length of the urethra. 

Figure 18.58. Vestibule. Queen. Detail of a minor vestibular 
gland. The secretory tubules of these branched. tubular glands are 
lined by columnar cells. Their ducts are lined by stratified squa ' 
mous epithelium . 
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1. Columnar cells 
2. Duct 

5. Neutrophil 
6. Porobosol cell 

3. Erythrocyte 
4. Intermediate cell 

7. Superficial cell 
8. Superficial intermediate cell 

Figure 18.59. Vestibule, Queen. Detail of a major vestibular 
gland. These glands are found in queens and ruminants. They are 
compound tubular glands with secretory units like those of the mi
nor vestibular glands (see Fig . 18.58) . 

Figure 18.60. Vaginal Smear, Anestrus, Bitch (Hema-3). During 
anestrus, para basal and intermediate cells are the predominant 
epithelial cells present (see introduction for description of cell 
types). Neutrophils and bacteria may be present in limited num
bers. 

Figure 18.61. Vaginal Smear, Early Proestrus, Bitch (Hema-3) . 
During early to mid proestrus, smears may contain neutrophils, 
erythrocytes, and various epithelia l-cell types (parabasal, inter
mediate, superficial intermediate, and superficial cells) . 

Figure 18.62. Vaginal Smear, Mid to Late Proestrus, Bitch (Dill
QuikJ. In late proestrus, superficial intermediate and superficial 
cell s are predominant. Neutrophils decrease in number at this 
time . 

Figure 18.63. Vaginal Smear, Estrus, Bitch (Dill-Quik). Most 
(90% or more) of tlie epithelial cell s from a bitch in estrus are su
perficial cells. Erythrocytes may be present in small numbers. 
Some estrous smears may contain large numbers of bacteria . 
Neutrophils are not normally present. 
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1. Follicle, early 
2. Follicle, late 
3. Granulocytes 
4. Intermediate cell 
5. Medulla 
6. Neutrophil 

8. Oocyte, nucleus 
9. Oocyte, yolk-laden cytoplo,m 

10. Parobasal cell 
11. Superficiol cell 
12. Superficial intermediate cell 
13. Vacuolar cells 

7. Oocyte 

figure 18.64. Vaginal Smear, Diestrus, Bitch (DiH-Quikl. There 
i, a , ignificant change in the numbers of epithelial-cell type, dur
ing diestrus. Superficial cells decrease, and para basal and inter
mediate cells increase. Neutrophils usua lly reappear during 
diestrus. Because erythrocytes may be present in smears from 
bitches in early diestrus, it is not possible to distinguish proestrus 
from diestrus on the basis of a single smear. 

Figure 18.65. Ovary, Hen. A portion of the ovarian cortex with 
developing follicle,. 

figure 18.66. Ovary, Vacuolar Cells, Hen. A portion of the cor
tex with a mass of fat-laden vacuolar cells. The loner may repre
sent regressing postovulatory fol licles. 

figure 18.67. Ovary, Vacuolar Cells, Hen. Detail of Figure 
18.66. Vacuolar cells have pyknotic nudei and contain numerous 
fat vacuoles, Cel l boundaries a re often indistinct. 

figure 18.68. Ovary, Granulocytes, Hen. Granulocytes are often 
found in the cortex of mature ovaries. The acidophilic granules of 
these cells impart a red tinge to a la rge a rea of the cortex in this 
micrograph. 
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1. A~enc follicle 
2. Cloaca 
3. Developing follicle 
4. Infundibulum 
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6. Interstitial cells 
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10. Oocyte, yolk· laden cytoplasm 
11 . Ova')' 
12. Perivitelline membrane 
13. Theca exlerno 
14. Theca interno 
15. Uterus 
16. Vagina 
17. Yolk sphere 

Figure 18.69. Ovary, Developing Follicle, Hen. A portion of the 
wall of a developing follicle. Note the Ranened cells of the theca 
interno and the presence of interstitia l cells in the theca externa. 

Figure 18.70. Ovary, Atretic Follicle, Hen. In some atretic folli· 
cles, interstitiailiuteal) cells proliferate, hypertrophy, and migrate 
inward Isee Fig . 18.71). 

Figure 18.71. Ovary, Atretic Follicle, Hen. Detail of Figure 
18.70. 

Figure 18.72. Ovary, Atre~c Follicle, Hen. Ce lls of the memo 
brana granulosa have proliferated, forming a thick layer charac
teristic o f many atretic tollicles. 

Figure 18.73. Oviduct, Diagrammatic Drawing, Hen. The 
oviduct of the hen is divisible into an infundibulum, magnum, isth
mus, uterus, and vagina. 
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1. Ciliated epithelium 
2. Glandular groove 
3. Lamina proprio 
4. Mucosa 
5. Mucosal fold , inhmdibulum 
6. Mucosal fold , magnum 
7. Muscularis 

10. Pseudostrotified columnar ep-
ithelium 

11 . Regenerating gland 
12. Resting gland 
13. Secondary lold 
14. Secretory gland 
15. Serosa 

8. Muscularis, circular 
9. Primary laid 

16. Tertiary laid 

Figure 18.74. Funnel of Infundibulum, Oviduct, X.s., Hen. The 
mucosa is thrown into shallow ridges that increase in height as the 
funnel narrows toward the neck region. The epithelium is cil iated, 
simple columnar. ScaHered bundles of smooth muscle farm the 
muscularis . A serosa covers the funnel externally. 

Figure 18.75. Neck of Infundibulum, x.s., Oviduct, Hen. Tall pri· 
mary mucosal folds bear secondary and tertiary folds. 

Figure 18.76. Neck of Infundibulum, x.s., Oviduct, Hen. Detail 
of mucosa showing folds li ned by ciliated columnar cells. The bot
toms of the grooves between the folds are lined by nanciliated se
cretary cells. 

Figure 18.77. Neck of Infundibulum and Magnum, x.s., 
Oviduct, Hen. The primary mucosal folds of the magnum are taller 
and broader vis-a-vis the infundibulum, because of the presence 
of numerous tubular glands. 

Figure 18.78. Magnum, x.s., Oviduct, Hen. Portion of a fold . De
pending an their activity, the tubular glands of the magnum exhibit 
distinctive features. Three morphologic phases of activity can be 
recognized Iregenerating, secretory, resting) Isee Figs. 18.80 and 
18.81 for details) . 
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Figure 18.80 x 250 

Figure 18.81 x 250 
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Figure 18.83 

,. Albumen 
2. Ciliated cell 
3. Epithelium, regenerating 

gland 
4. Epithelium, resting gland 
5. Epithelium, secretory gland 
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6. Isthmus, primary fold 
7. Magnum 
8. Muscularis 
9. Pseudostratified epithelium 

10. Secretory cell 
11. Tubular gland 

Figure 18.79. Magnum, Oviduct, Hen. Detail of the epithelium. 
Cil iated columnar and secretory (goblet) cells comprise the ep' 
itheli um of the magnum. The nuclei of the secretory cells a re round 
and are located close to the base of the cell , whereas the nuclei of 
the ciliated cells are oval and occupy the central to apical region 
of the cel l. Accordingly, the epitheli um is pseudostratified colum· 
nor. 

Figure 18.80. Magnum, Oviduct, Hen. Detail of regenerating 
tubular glands. These glands have clearly defined lumens. The se
cretory cells a re cuboidal. 

Figure 18.81. Magnum, Oviduct, Hen. Deta il of secretory tubu
lar glands a nd resting tubular glands. The cells of the secretory 
stage are characterized by pyknotic, basal nuclei . The entire cyto
plasm is filled with strongly acidophilic granules. The glandular lu
mens may be dilated by secreted albumen . The cytoplasm of the 
cells in the resting stage has a frothy appearance, and the lumens 
of the glands are obscure. 

Figure 18.82. Isthmus, x.s., Oviduct, Hen. The primary folds of 
the isthmus are not as broad as those of the magnum. Compare 
with figure 18.77. They are somewhat angular in appearance. A 
portion of an ad jacent region of the magnum is present in this mi
crograph. 

Figure 18.83. Isthmus, Oviduct, Hen. A portion of the epithelium 
and underlying tubular glands. The epitheli um is ci liated pseudos
tratified columnar. A tubular gland can be seen opening to the 
surface. The glandular cells do not undergo obvious cyclic 
changes as in the magnum. 
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1. Apical cell 
2. Basal cell, nucleus 
3. Blood vessel 
4 . Concave surface 
5. Duct 
6. Erythrocyte in capillary 
7. Gfandulor epithelium 

8. Muscularis 
9. Primary fold 

10. Pseudostrolified epithelium 
11. Secondary fold 
12. Sperm·hast gland 
13. Vacuole 

Figure 18.84. Uterus (Shell Gland), Oviduct, Hen. The folds of 
the uterus are not as broad as those of the magnum, and there is 
less glandular tissue. This section was taken from a uterus that had 
been fixed while containing an egg. Accordingly, the luminal sur' 
face is somewhat concave . 

Figure 18.85. Uterus (Shell Gland), Oviduct, Hen. Ducts of com
plex, branched, tubular glands pierce the ciliated Rseudostratified 
columnar epithelium at intervals. Ducts are formed from polygonal 
gland cells. 

Figure 18.86. Uterus (Shell Gland), Oviduct, Hen. Basal cell s 
(nuclei close to the basement membrane) of the pseudostratified 
epithelium may contain vacuoles above and below their nuclei. 
Apical cells (nudei centrally located) contain numerous granules 
before releasing their secretion. 

Figure 18.87. Vagina, x.s., Oviduct, Hen. The mucosa of the 
vagina is characterized by long, slender, primary folds bearing 
numerous small secondary folds . The muscularis is highly devel
oped. 

Figure 18.88. Vagina, Proximal, Oviduct, Hen . Sperm-host 
glands are tubular glands, lined by tall columnar cells, and are 10' 
cated within the mucosa of the vagina near the uterovaginal junc
tion. Sperm are stored in these glands, remaining functional for up 
to 21 days. 
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MAMMALS 
he eye is a sensory organ designed for vision. Basically, it is composed of a lens and 
a wa ll that is d ivided into th ree layers: an outer fibrous tunic (corneosclera llayer), 
a middle vascular tunic (uvea), and an inner retinal tunic. The fibro us tunic is di

vided into the posterior, opaque sclera and the anterior, transparent cornea. The vascu
lar tunic includes the choroid, ci liary body, and iris. The retinal tunic consists of a ten-lay
ered, photOsensitive retina and a bilayered, nonphotosensitive ponion that covers rhe 
cil iary body and the posterior surface of the iris. 

The eye coma ins three fluid-filled regions. The anterior chamber is bordered by the 
cornea, iris, and lens. The posterior chamber is located between the iris, lens, zonular 
fibers, and ci liary processes. Both of these cham bers contain aqueous humor. The most 
posterior compartment, the cavity of the vitreous humor, lies behind rhe lens. 

The transparent, biconvex lens is avascular. It is composed entirely of epithelial cells 
enclosed wirhin a homogeneolls ca psule. The cells on rhe anrerior surface of rhe lens just 
below the ca psule are simple cubo idal and form the lens epithelium. Toward the equator 
of the lens, the ce lls become long, prismatic, and arra nged in meridional rows, forming 
lens fibers. As new lens fibers develop from the lens epithelium at the germinal zone o f the 
equator, o lder lens fibers are displaced centrally and lose their nuclei. The lens is sus
pended by zonular fibers that extend from the lens capsule to the ciliary processes. 

T he sclera consists of densely interwoven bund les of collagenous fibers ar ranged par
a llel to the surface of the wa ll of the eye. T here are also fibroblasts, some fine elastic fibers, 
and scattered melanocyres, especiall y in rhe innermosr region of the sclera. 

The cornea is avascular. Its anterior (outer) surface is covered by the non keratinized, 
stratified squamous anterior epithelium. Below this layer is Bowman's membrane, which 
is nor distinct in domestic mammals. The underlying stroma (substantia propria ) is com
posed of thin lamellae of collagenous fibers oriented parallel to the corneal surface. Fi
broblasts occur between the layers of fibers. Descemet's membrane is a relatively thick 
membrane thar separates the stroma from the posterior epithelium. The larrer consists of 
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a single layer of squa mous to low cuboidal cells that covers 
the posterior surface of the cornea. 

The corneoscleral junction is called the limbus. Here, 
the regular collagenous lamellae of the corneal stroma 
merge with the interwoven fibers of rhe sclera. The appear
ance of the stratified squamous epithelium of the cornea dif
fers from that of the bulbar conjunctiva, which overlies the 
sclera near the limbus. The deepest cells in the epithel ium of 
the bulbar conjunctiva are smaller and more closely packed 
than those of the anter ior epithelium of the cornea. In addi
tion, the basal border of the conjunctival epithelium is un
even with the presence of an underlying, papillated layer of 
loose connective dssue. The boundary between the cornea l 
epithelium and its underlying stroma, however, is smooth. 

The choroid is the portion of the vascular tunic of the 
eye that lies between the sclera and the photosensitive 
retina. it contains numerous melanocytes. The fi ne net
work of connect ive tissue of the suprachoroid layer joins 
the sclera to the vascular layer of the choroid. The latter is 
composed of a profusion of blood vessels surrounded by 
loose connective tissue. The choriocapillary layer contains 
a thin netwotk of capillaries that are distributed in a single 
plane. Bruch's membrane, a refractile membrane that lies 
between the chotiocapi llaty layer and rhe pigment epithe
lium of the tetina, is d ifficult to resolve. 

A reflective tapetum lucidum is located between rhe 
choriocapi llary and vascular layers of the choroid in the 
dorsal portion of the eye. It is present in all domestic mam
mals except the pig. The horse and ruminants have a fi
brous tapetum lucidum composed of layers of collagenous 
fibers and fibrobl asts. The cat and dog have a cellular tape
tum lucidum formed by flattened, pentagonal or hexagonal 
cel ls that appea r brick like in profile. The tapeta l cells are 
fiLled w ith numerous rod-shaped granu les. The flat surfaces 
of the cells and the long axes of their rod-shaped gran ules 
lie parallel to the surface of the retina. 

The ciliary body is an anterior continuat ion of the 
choroid that extends to the base of the iris. The loose con
nective tissue of the stroma contains smooth muscle, the cil
iary muscle, that lies peripheral to an inner, vascu lar re
gion. The epithelium of the ci liary body, which is formed 
by cells of the non photosensitive portion of the retina, is 
called the pars ciliaris retinae. It is a bilayer of cells consist
ing of a basal layer of pigmented cells and a surface layer of 
nonpigmented columnar cells. Short fo lds of the posterior 
surface of the cilia ry body become longer toward the iris 
and form ciliary processes that project toward the lens . 
Zonular fibers extend from the processes to the lens cap
sule near the equaror of the lens. 

The iris is the most anterior part of the uveal tract. It 
forms a thin, contractile diaphragm with a central apera
ture, the pupil. The base of the iris is attached to the ante
rior portion of the ci liary body. The stroma of connective 
tissue of the iris contains many melanocytes and blood ves
sels. The stroma contains circwnferentiaUy arranged bun
dles of smooth muscle that fotm the sphincter (constr ictor) 
muscle. The anterior surface of the iris is not covered by an 
epithelium, but rather by a discontinuous layer of stromal 
cells (fibroblasts a nd melanocytes) . The posteriot surface is 
covered by a bilayer of epithel ial cells, the pars iridica reti
nae, which represents the most anterior continuation of the 
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non photosensitive portion of the retina. It consists of a su
perficia l layer of pigmented columnar cells and a basal 
layer of partially pigmented myoepithelial cells. The latter 
are elongated, radially arranged, contracti le cells that form 
the dilator "muscle" of the iris. They have an apical, pig
mented porrion containing the nucleus and a nonpig
mented basal portion. The nonpigmented regions of these 
cells border the stroma and appear as an acidoph ilic band. 
T he pigmented portion of each myoepithelial cell lies just 
below the layer of pigmented columnar cells. In the horse, 
pig, and ruminant a number of corpora nigra (iris granules) 
project from the pupillary margi n of the iris. They are 
high ly vascularized prol iferat ions of the stroma and the 
pigmented epithelial cells of the iris. 

At the peripheral margin of the anterio r chamber is the 
filtration angle, the area between the limbus, the base of the 
iris, and the ciliary body. This triangula r region is spanned 
by a latticework of trabeculae and intertrabecu lar, f1uid
filled spaces. The trabeculae are composed of connective 
tissue and pigment cells and are covered by a single layer of 
squamous cells . They for m the pectinate ligament, rhe 
uveal trabecular meshwork, and the corneoscleral trabecu
lar meshwork. At the peripheral margin of the anterior 
chamber, excess aqueous humor passes through the open
ings within the pectinate liga ment into the spaces of 
Fontana within the uveal trabecular meshwork. These 
spaces communicate with those of the corneoscleral tra
becular meshwork, which drain into the scleral venous 
plexus. In the horse the limbus does not overlap the pecti
nate ligament of the mtration angle, so that the pectinate 
ligament is apparent by direct examination of the eye. In 
the other domestic mammals the limbus covers the pecti
nate ligament, which is therefore obscured from view by 
the opaque scleta. 

The retina is the irmermost layer of the wall of the eye. 
The photosensitive portion lines the inner surface of the eye 
(adjacent to the cavity of the vitreous humor) from the ora 
ciliaris rctinae to the optic d isc. The latter is the point of 
transition from the photosensitive retina to the non photo
sensitive retina. From the ora ciliaris retinae, the nonpho
tosensitive portion continues anteriorly as a bi layer of cells, 
forming the pars ciliaris retinae and the pars iridica retinae, 
which cover the ci liary body and the posterior surface of 
the iris, respectively. 

From the choroid to the cavity of the vitreous humor, 
the 10 layers of the photosensitive retina are as follows: 

Pigment epithelium 
Layer of rods and cones 
Outer limiting membrane (usually not apparent) 
Outer nuclear layer 
Outer plexifo rm layer 
Inner nuclear layer 
Inner plexiform layer 
Ganglion cell layer 
Nerve fiber layer 
inner limiting membrane 

In that part of the eye where the tapetum lucidum is lo
cated, the cuboida l cells of the pigment epitheliu m contain 
few or no pigment granules. In other parts of the eye, pig
ment granules are numerous in the cells of the pigment ep
ithelium. 



The nerve-fiber layer consists of axonal processes of 
the ganglion cells that converge at the optic disc and form 
the optic nerve. Because photoreceptor cells are not present 
here, this region is also referred to as the blind spor. Bun
dles of fibers of the optic nerve pass through perforations 
of the sclera . This sievelike parr of the sclera is the lamina 
cfibrosa. 

The conjunctiva is a thin, transparent, mucous mem
brane. The bulbar conjunctiva is continuous with the ante
rior surface of the cornea at the li_mbus and covers the 
sclera for a shorr distance. The palpebral conjunctiva lines 
the internal surface of the eyelids. The fornix of the con
junctiva is the point of re fl exion of the bulbar and palpe
bral conjunctiva . The epithelium of the conjunctiva varies 
from stratified squamous to strati fi ed columnar and may 
even appear transitional. Goblet cells are often present. The 
underlying layer of loose connective tissue may contain dif
fuse or nodular lymphatic tissue. 

The eyelids are covered interna lly by the palpebral con
junctiva and externa lly by thin skin. The skin contains hai r 
follicles, sweat glands (glands of Moll), and sebaceous 
glands (glands of Zeiss) . In the pig the glands are parricu
larly well developed. Between the dermis of the skin and the 
lamina propria of the palpebral conjunctiva is a plate of 
dense connective tissue, the tarsus (tarsa l plate). Large, 
multilobular, sebaceous glands, called tarsal (Meibomian) 
glands, are embedded in the tarsus. Their central ducts 
open onto the palpebral surface near its junction with the 
skin. 

The nictitating membrane (third eyelid) is a ventrome
dial fo ld of conj unctiva. lt is supported by hyaline cartilage 
in the dog and ruminants and by elastic cartilage in the cat, 
horse, and pig. The superficial gland of the nictitating 
membrane surrounds the base of the cartilage. It is a serous 
gland in the horse and cat, mixed in the dog and ruminants, 
and mucous in the pig. The pig also has a Harderian gland 
(deep gland of the nictitating membrane) that produces a 
fatty secretion. 

The lacrimal gland is a tubuloacinar gland, serous in 
the cat and mixed in the horse, ruminant, dog, and pig. It 
is predominantly a mucous gland in the pig and mostly 
serous in the horse and ruminant. There are also accessory 
lacrimal glands, such as Krause's gland, which ma y be 
serous or mixed. 

CHICKEN 
The eye of the chicken is quite different from that of mam
mals. Within the capsule the lens is divided into the annu
lar pad and the lens body. The annula r pad forms an outer 
ring around the equator of the lens body. It consists of ra
dially arranged lens fibers with peripheral nuclei . In the lens 
body the lens fibers are oriented parallel to the optica l axis 
of the eye, and some nuclei are present, primarily near the 
annular pad . 

A remarkable feature of the avian sclera is the presence 
of a ring of overlapping scleral ossicles, anteriorly, and a 
cup-shaped layer of hyaline cartilage, the scleral cartilage, 
posteriorly. The latter terminates internal to the scleral os-

sicles. Dense connective tissue encloses the scleral ossicles 
and extends posteriorly, peripheral to the carti lage layer. 

The layers of the cornea of the chicken are similar to 
th ose of mammals. Bowman's membrane, however, is 
thicker and therefore more apparent in histologic prepara
tions. Descemet's membra ne is relatively thin and less dis-

• [lnct. 
The choroid is a thick, vascularized coat with numer

ous pigment cells. The suprachoroid abuts the thin peri
chondrium of the scleral cartilage. The vascular layer of the 
choroid contains blood vessels and large spaces embedded 
in loose connective tissue. The choriocapillary layer is sep
arated from the pigment epi thelium of the retina by an in
distinct Bruch's membrane. No tapetum lucidum is present 
in the chicken. 

The ciliary body is a thin layer of loose connective tis
sue with a thick ourer region of numerous elastic fibers. It 
is covered by a bilayer of more or less cuboidal, pigmented 
basal cells and cuboidal to columnar, nonpigmented sur
face cells. Folds of the lining of the ci liary body form cil iary 
processes that fuse to the lens capsule in the region of the 
equator of the lens. More posteriorly, zonular fibers extend 
from the ciliary body to the lens capsule. The ciliary mus
cles (Cra mpton's and Brucke's) are skeletal muscles that lie 
across from the ciliary body, just inside the main portion of 
the sclera. 

The iris is thickest just above its narrow base, then ta
pers toward the pupillary margin. The stroma contains a 
sphincter and dilator muscle. Both of these are formed 
from small skeletal muscle cells that contain lipid vacuoles. 
The dilator muscle is sparse and posterior to the thicker 
sphincter muscle. The anterior (corneal) surface of the iris 
is covered by a simple layer of nonpigmented, flattened ep
ithel ial cells. The posterior (lens) surface of the iris is cov
ered by a stratified layer of pigmented epithelial cells, three 
to five cells thick. 

The photosensitive retina of the chicken is composed 
of 10 layers, as in mammals, but unlike that in mammals is 
avascular. The cells of the pigment epithelium are consid
erably different in the chicken. They are tall and narrow 
rather than cuboidal. The nucleus occupies the smaller, 
basal region of each cell, which contains few or no pigment 
granules. The apical portion is filled with rod-shaped pig
ment granules that are oriented parallel to the long axis of 
the cell. The apical cytoplasm often appears to be separated 
into tufts or strands of pigment granules. 

The pecten is a thin, highly vascular, pleated mem
brane that protrudes into the cavity of the vitreous humor 
from the ventral surface of the eye. Its base is secured in
termittently to the Linear, optic disc. The apical surface is 
attached to a thickened mass of pectineal tissue called the 
bridge. The pecten is characterized by an extensive network 
of capillaries lined by thick endothelial cells wi th plump nu
clei. Polymorphic pigment cells fill the spaces between the 
capillaries and larger vessels. The pecten is draped by a cov
ering membrane, which is thought to be continuous with 
the inner limiting membrane of the retina. 

The filtration angle of the chicken is somewhat differ
ent from that of mammals. It is filled by a trabecular mesh
work formed by the pectinate ligament (uveal meshwork) 
and the scleral trabecular meshwork. The pectinate liga-
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ment is a loose network of elastic fibers covered by simple 
squamous cells. It spans the filtration angle from the scleral 
trabecular meshwork ro the iris and the elastic tissue of the 
ci liary body. The trabecular meshwork of rhe pecti nate lig
ament encloses the spaces of Fontana . The latter com mu
nicate with the spaces of the sclera l trabecular meshwork, 
wh ich is fo rmed by collagenous and elasric fibers. These 
spaces commun icate with the canal of Schlemm within the 
sclera . 

The chicken has a rhi n, well-deve loped nictitating 
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membrane. A supportive cartilage is absent. The inner sur
face of the eyelids is lined by the palpebra l conjunctiva. The 
external surface is covered by thin ski n with sparse feath
ers. No glands are present. 

The lacrimal gland is a small , tubular gland that pro
duces a mucous secretion . It lies medial to the ca udal parr 
of the lower eyelid. The Harderian gland is a larger gland 
that lies on the dorsal posterior su rface of the eye. It is char
acterized by numerous plasma cells that surround the tu bu
lar secretory units. 
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KEY 
1. Anterior chamber 
2. Bulbar ~oniundivo 
3. Ciliary body 
4. Ciliary muscle 
5. Ciliary process 
6. Cornea 
7 . Corneosclerol trobecular 

13. Lens capsule 
14. Lens epithelium 
15. lens fibers , new 
16. Lens "bers, old 
17. limbus 
18. Palpebral coniunctivo 
19. Pors cilioris retinae 

meshwork 
8. Elastic fiber 

20. Pectinate ligament 
21 . Posterior chamber 

9. Filtration angle 
10. Germinal zone 
11. Iris 
12. Lens 

22. Sclera 
23. Scleral venous plexus 
24. Spaces of Fontana 
25. Vascular layer, choroid 

Figure 19.2. Eye, Dog. Anterior, peripherol portion of the eye. 

Figure 19.3. lens, Equator, Horse. Newly formed and older lens 
fi bers are visible in this section through the germinal zone. The lat· 
ter is the marginal band of lens epithelium that lies around the 
equator. Its cell s are capable of dividing throughout adult life. 

Figure 19.4. Ciliary Body, Dog. The epithelium of the ciliary body 
is called the pars ci liaris retinae. This portion of the nonphotosen
sitive retino consists of on inner (closer to the covity of the vitreous 
humor), nonpigmented layer and an outer, heavily pigmented 

~-19 layer of cells. 
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Figure 19.5. Ciliary Body, Cat (Orcein), In addition to smooth 
muscle (see Fig. 19.4), the cil ia ry body contai ns an abundance of 
elastic fi bers. 

Figure 19.6. Eye, Horse. In a section through a horse's eye, the 
limbus does not overlap the pectinate ligament. Compare wi th Fig· 
ure 19.7. The filtration angle is indicated by the triangular-shaped 
a rea marked by the dashed line . 
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13. Nonpigmented cells 
14. Palpebral conjunctiva 
15. Pectinate ligament 
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16. Pigmented cells 
17. Pigmented surface cells 
18. Sclera 
19. Spaces of Fontona 
20. Sphincter muscle 
21 . Stroma 

10. Myoepithelial cell , cytoplasm 
11. Myoepithelial cell, nucleus 

22. Uveal trobecular 
meshwork 

23. Zonulor fibers 
12. Myoepithelial cells 

Figure 19.7. Eye, Pig. In a section through the eye of a domestic 
mammal other than the horse, the limbus overlaps the pectinate 
ligament. The area of the filtra tion angle is outli ned by dots. 

Figure 19.8. Filtratian Angle, Pig. Collagenous fibers, elastic 
fibers, fibroblasts, and pigment cells form the pectinate ligoment 
and the uveal trabecular meshwork. The corneosderal trabecular 
meshwork is a three-d imens ional la tticework of fi ne fi bers of con
nective tissue and fi broblasts lying adjacent to the sclera. 

Figure 19.9. Ciliary Processes, Pig. The nonpigmented cells of 
the epithelium of the ci liary processes cover the pigmented cells. 
Together these two layers of cel ls comprise the pars ciliaris retinae, 
which extends from the ora ci liaris retinae to the iris . The nonpig
mented cells give rise to the zonula r fi bers. 

Figure 19.10. Iris, Horse. The back surface of the iris is covered 
by a continuation of the pars ciliaris reti nae a nd is ca lled the pars 
iridica reti nae. The surface layer of the pars irid ica retinae consists 
of heovily pigmented cells, and its inner layer is formed by the 
contractile, pigmented myoepi thelia l cells that dilote the iris. Ante' 
rio rly, the iris is covered by a disconti nuous layer of stromal cells. 

Figure 19.11. Iris, Dog. The heavily pigmented cells of the pars 
iridica retinae cover the posterior surface of the iris. The myoep
ithelial cells of the pars irid ica reti nae are partia lly pigmented in 
the region of their nuclei. 
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Figure 19.16 x 62.5 

KEY 
1. Anterior epithelium 
2. Bulbar conjunctiva, epithelium 
3. Bulbar conjunctiva, lamina pro-

• pno 
4. Choroid 
5. Corneo 
6. Corneal stroma 

9. Iris 
10. Melanocyte 
11. Ora ciliaris retinae 
12. Pars ciliaris retinae 
13. Posterior epithelium 
, 4. Retino, photosensitive 
15. Sclera 

7. Corpus nigrum 
8. Descemet's membrane 

16. Space artifacts 
17. Stroma 

Figure 19.12. Iris, Cat. In the cat the melanacytes of the iris are 
binucleate and contain rod-shaped melanosomes. 

Figure 19.13. Carpus Nigrum, Gaot. In ungulates the pupillary 
border of the iris is djfferentiated into corpora nigra, which are 
vascularized outgrowths of the stroma and pigmented epithelium 
of the iris. 

Figure 19.14. Cornea, Dog. The anterior surface is covered by a 
non keratinized stratified squamous epithelium. The posterior sur
face is covered by squamous or law cuboidal cells. 

Figure 19.15. Junc~on of Cornea and Bulbar Coniunc~va, Pig. 
Both the cornea and bulbar conjunctiva are covered by a nonker
atinized stratified squamous epithelium at their junction. The basal 
border of the conjunctiva is irregular, and the cells of its deepest 
layers are smaller than those of the anterior epithelium of the 
cornea . 

Figure 19.16. Oro Ciliaris Retinae, Dog. The transition zone be
tween the photosensitive and the nonphotosensitive (pars cilioris 
retinae) regions of the retina is named the ora ciliaris retinae. 
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Figure 19.20 

I . Blood vessel 
2. Choriocapillory layer 
3. Choroid 
4. Cone 
5. Ganglion cell layer 
6. Inner limiting membrane 
7. Inner nuclear layer 
8. Inner plexiform layer 
9, Lamina cfibrosa 

10. Loyer of rods and cones 
11. MelanC?CYfes 
12. Nerve fiber layer 

18 

x 250 

KEY 

13. Nerve .be", bundle of 
14. Opne disc 
15. Optic nerve 
16. Outer nuclear layer 
17. Outer plexiform layer 
18. Pigment epithelium 
19. Retina 
20. Rod 
21 . Sclera 
22. Tapetum lucidum 
23. Vascular layer, choroid 

Figure 19.17. Optic Nerve, sagittal section, Dog. Nerve fibers of 
the retina converge to form the optic nerve at the optic disc (blind 
spall . 

Figure 19.18. lamina Cribrosa, x.s., Dog. AI the lamina cribrasa 
the connective tissue of the sclera forms a sievelike framework, 
which subdivides the optic nerve into bundles of fibers. 

Figure 19.19. Retina, Choroid, and Part of the Sclera, Pig. Note 
that the dendrites Icanesl of cone cells of the pig are particularly 
plump and easily recognized . 

Figure 19.20. Fibrous Topetum Lucidum, Sheep. The tapetum lu
cidum of ruminants and horses is a compact membrane of con
nective tissue sandwiched between the choriocapillary and vascu· 
lor layers of the choroid. The cells of the pigment epithelium of the 
retina contain few or no pigment granules where a tapetum lu
cidum is present. Compare with Figure 19.21 . 
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Figure 19.25 

1. Anterior chamber 
2. Bulbar conjunctiva 
3. Capillary, x.s. 
4. Choriocapillary layer 
5. Cornea 
6. Cytoplasmic process 
7. Descemet' 5 membrane 
8. Elastic cartilage 
9. Ganglion cell layer 

10. Inner nuclear layer 
1,. Inner plexiform layer 
12. layer of rods and cones 

1 

. . 
, > '-." ; .' 

x 12.5 

KEY 
13. Melanocytes 
14. Nerve fiber layer 
15. Nictitating membrane, bulbar 

surface 
16. Outer nuclear layer 
17. Outer plexiform layer 
18. Pectinate ligament 
19. Pigment epithelium 
20. Sclera 
21. T ope'ol cell 
22. T opetvm lucidum 
23. Vascular layer, choroid 

Figure 19.21. Retina, Choroid, and Part of the Sclera, Dog. 
Where the tapetum lucidum is lacking from the choroid loyer, the 
cells of the pigment epithelium of the retina contain numerous 
melanosomes. 

Figure 19.22. Cellular Tapetum Lucidum, Dog. In profile, the 
cells of the tapetum lucidum of carnivores are bricklike. Note that 
in this section the cells of the pigment epithel ium of the retina ore 
indistinct and lack pigment. Compore with Figure 19.21. 

Figure 19.23. Melanacytes of Choroid Layer, Dog. Melanocyte, 
of the choroid layer a re flat polygonal cells with cytoplasmic rro. 
cesses . Their polygonal shape is evident in this tangentia cut 
through the choroid layer . 

Figure 19.24. Tapetum Lucidum, Dog. Tapetal cells are flaHened 
and have a pentagonal or hexagonal outline, which is apparent 
in th is tangential section through the choroid layer. The cells are 
filled with numerous small rods, whose long axes parallel the flot 
surfaces of the cells. 

Figure 19.25. Nic~tating Membrane and Cornea, Horse. A por
tion of the bulbar surface of the nictitating membrane and its sup
portive cartilage are shown. The nictitating membrane is a fold of 
the ventromedial portion of the con junctiva. It contains elastic car
tilage in .the horse, pig, and cat and hyaline cartilage in the dog 
and ruminants. 
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1. Diffuse lymphatic tissue 9. Serous acinus 
2. Duct 
3. Epidermis 
4, Goblet cell 
5. Hairfallicle 
6. Hyaline cartilage 
7 . Mucous acinus 
8. Palpebral conjunctiva 

10. Stratified columnar epithelium 
11. Stratified squamous epithelium 
12, Supe~icial gland 
13. Sweat gland 
14. Tarsal gland 
15. Tarsus 

, 

"J... 

x 125 

Figure 19.26. Superficial Gland of the Nictitating Membrane, 
Dog. The base of the cartilage of the nictitating membrane is sur
rounded by the superficial gland. 

Figure 19.27. Superficial Gland of the Nictitating Membrane, 
Dog. This gland is mixed in the dog and ruminants. It is serous in 
the horse and cat and mucous in the pig. 

Figure 19.28. Palpebral Conjunctiva, Pig. The palpebral con' 
junctiva is a mucous membrane that lines the inner surface of the 
eyelid. Its stratified epi thelium varies from squamous through 
columnar and may even appear transitional. Goblet cell s may be 
present. 

Figure 19.29. Eyelid, lower, Horse. The outer surface of the eye· 
lid is covered by thin skin, while the inner surface is lined by the 
palpebral conjunctiva, The ta rsa l gland is a multi lobulated gland 
whose duct opens onto the palpebral surface near the margin of 
the eyelid . The tarsal gland is surrounded by a condensed layer of 
connective tissue, the tarsus. 

Figure 19.30. Eyelid, Upper, Pig. Numerous tubular sweat 
glands (and sebaceous glands, not shown) occur in the skin sur' 
face of the eyelid of the pig. 
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Figure 19.35 x l25 

KEY 
1. Acinus 9. Sclera 
2. Epidermis 
3. Fornix of conjunctiva 
4. Hair follicle 

10. Sebaceous gland 
11 . Skeletal muscle 
12. Smooth muscle 

5. Interlobular connective tissue 
6. Intralobular duel 
7. Krause' s gland 
8. Palpebral conjunctiva 

13. Sweal gland 
14. Tarsal gland 
15. Tarsus 

Figure 19.31 . Eyelid, lower, Goat. The skin surface of the eyelid 
conta ins hai r fo llicles, sweat glands, and sebaceous glands. 

Figure 19.32. Eyelid, Lower, Goat. Bundles of smoolh and skele· 
ta l muscle fi bers are scattered in the connective tissue between the 
tarsus ond the skin surface of the eyelid. 

Figure 19.33. Krause's Gland, Pig. Krouse' s gland is a small , ac' 
cessory lacrimal gland Iserous in this preparation) located near 
the fornix of the con junctiva . 

Figure 19.34. Harderian Gland, Pig. Among domestic mammals 
th is gland is present only in Ihe pig. It secreles 0 folly product. 

Figure 19.35. lacrimal Gland, Cow. A compound tubula r acinor 
gland. The lacrimal gland is predominantly a serous glond in ru' 
minants and horses. 
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Figure 19.39 x 62.5 

KEY 
1. Annular pad 15. lens body 
2. Anterior chamber 16. Lens fibers, annular pad 
3. BrDcke's muscle 17. Lens fibers , lens body 
4. Bulbar conjunctiva 18. Nonpigmented epi thelium, iris 
5. Conol of Schlemm 19. Pectinate ligament 
6. Capsule 20. Pigmented epithelium, iris 
7. Cavity of the lens 21. Posterior chamber 
8. Covity of vitreous 22. Sclero 

humor 23. Scleral cartilage 
9. Ciliory body 24. Scleral o5sicle 

10. Ciliary process 25. Scleral trabeculor meshwork 
11. Corneo 26. Spaces of Fontana 
12. Cromplon' 5 muscle 27. Sphincter muscle 
13. Dilator muscle 28. Zonular fibers 
14. Iris 

Figure 19.36. Eye, Drawing of an Anterolateral Segment, 
Chicken. 

Figure 19.37. Lens, Chicken. A portion of the onnulor pod and 
lens body. 

Figure 19.38. Filtration Angle, Chicken. The filtra tion angle is 
bordered by the cornea, iris, ciliary body, and sclera in the 
chicken. It is bridged by a trabecular meshwork of the pectinate 
ligament, which encloses the spaces of Fontana. 

Figure 19.39. Ciliary Process, Chicken IMasson'sl. Ci liary pro
cesses occur below the base of the iris and fuse with the lens cap
sule of the annular pad. The ci liary epithelium a lso aijaches to the 
capsule by zonular fibers. 
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Figure 19.44 

1. Bowman's membrane 
2. Cilia'Y body 
3. Descemet's membrane 
4. Dilator muscle cell 
5. Elastic fiber 
6. Lipid vacuole 
7. Nonpigmented epithelium, 

• • 
IriS 

8. Pectinate ligament 
9. Pigmented epithelium, iris 

-- • --

KEY 

10. Posterior epithelium 
11. Scleral cartilage 
12. Scleral ossicle 
13. Space artifact 
14. Sphincter muscle cell 
15. Squamous cell, nucleus 
16. Stratified squamous 

epithelium 
17. Stroma 
18. Zonular fibers 

x 62.5 

Figure 19.40. Iris, Chicken. The iridial musculature of the chicken 
is composed of skeletal muscle cells, which are characterized by 
the presence of numerous lipid vacuoles. Unlike mammals, the an
terior Icorneal) surface of the iris is covered by a layer of flattened, 
nonpigmented epithelia l cells. The posterior liens) surface of the 
iris Isee Fig. 19.39) is covered by a stratified pigmented epithe
lium that is three to five cells thick . 

Figure 19.41. Junction of Ciliary Body and Iris, Chicken 10r
cein}. The elastic fibers of the pectinate ligament insert into an elas
tic meshwork of the ci liary body. 

Figure 19.42. Pectinate Ligament, Chicken. The elastic fibers of 
the pectinate ligament ore covered by a simple squamous epithe
lium. 

Figure 19.43. Cornea, Chicken. A well.developed Bowman's 
membrane sef?arates the anterior, stratified squamous epithelium 
of the cornea from the underlying stroma . 

Figure 19.44. Sclera, Chicken. The sclera is strengthened anteri
orly by overlapping bony plates Iscleral ossicles). Posteriorly, it 
consists of a thin layer of cartilage. See Figure 19.36 for the loco· 
tion of ossicles and cartilage. The region of overlap of these skele· 
tal elements is shown here. In th is section the ciliary body has sep
arated from the sclera, creating a space artifact. 
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Figure 19.49 x 125 

KEY 
1. Blood vessels 
2. Bridge 
3. Capillary 
4. Choriocapillary layer 
5. Choroid 
6. Covering membrane 
7. Ganglion ceilloyer 
8. Inner nuclear layer 
9. Inner plexiform layer 

10. layer of rods and cones 

12. Melanocyte 
13. Nerve fiber layer 
14. Optic nerve 
15. Outer nuclear layer 
16. Outer plexiform layer 
17. Pecten 
18. Pigment epithelium 
19. Retina 
20. Scleral cartilage 
21. Space 

11. loose connective tissue 

Figure 19.45. Retina and Choroid, Chicken. The bulk of the 
choroid is composed of blood vessels and large spaces supported 
by a loose connective tissue. The layers of the retina are compa
rable with those of mammals. 

Figure 19.46. Retina and Choroid, Chicken. Cells of the pigment 
epithelium of the retina are tall and contain rod.shaped pigment 
granules. The basal region of each cell contains the nucleus and a 
few pigment granules. 

Figure 19.47. Pecten, Chicken. The pecten is a thin, folded, and 
heavily pigmented membrane that projects into the vitreous humor 
from the posteroventral surface of the eye. 

Figure 19.48. Pecten, Chicken . Numerous, polymorphic 
melanocytes are interspersed through this highly vascularized, nu· 
tritive membrane. The large capillaries are lined by thick endothe· 
lial cells with plump nuclei. 

Figure 19.49. Bridge of Pecten, Chicken. This thickened, highly 
pigmented mass of pectineal tissue is located a long the free edge 
of the pecten . 
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KEY 
,. Choroid 
2. Collecting duct 
3. Dermis 

8. Herbst corpuscle 
9. Interlobular connective tissue 

10. plasma cells 
4. Epidermis 
5. Extrinsic muscle 
6. Feather follicle 
7. Horderian gland 

11. Retina 
12. Scleral cartilage 
13. Secretory tubule 

Figure 19.50. Eyelid, Chicken. A thin epidermis covers the eye' 
lid. Herbst corpuscles are associated with a feather follicle. 

Figure 19.51. Lacrimal Gland, Chicken. This compound tubular 
gland produces a mucoid secretion and is organized into lobules. 

Figure 19.52. Harderian Gland, Chicken. This accessory im' 
munologic gland contains a multitude of plasma cells. It is located 
on the dorsal posterior surface of the eye. 

Figure 19.53. Harderian Gland, Chicken. Detail of the Horde· 
rian gland showing numerous plasma cells surrounding the vac· 
uolated cells of the tubular secretory units. 
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ensations of sound and balance are received by separate and specialized areas of the 
ear befo re being transmitted to the bra in, where they are interpreted. Based on 
anatomy, location, and fu nction, the ear is divisible into external, middle, and inter

nal components. The external ear collects sound waves, which it ch3lUleis to the tympanic 
membtane. Vi btations produced in the lattet ate transmitted by the ossicles of the middle 
ear to fluids o f the internal ear, where they generate movements of the delicate basilar 
membrane. Such movementS stimulate sensory hair ce lls from which impulses are relayed 
by sensory nerves to the brain, where the sound is identified. 

MAMMALS 
The external ear of domestic mammals is comprised of the pinna (a uricle), which collects 
sound, and an external auditory meatus, which con veys the sOllnd waves to the tympanic 
membrane. 

The external auditory meatus is lined by a contin uation of the surface skin. Hai_r, se
baceous glands, and tubular cerumjnous glands are present. The combined secretions of 
these glands, plus sloughed epithelia l cells, fotm cerumen (eat wax). The outer portion of 
the meatus is supported by cartilage, the remainder by bone. 

J\1idd le-ear ossicles (malleus, incus, and stapes) are located in the tympanic cavity. 
They bridge the cavity from the tympanic membrane to the oval window located within 
the petrous part of the temporal bone. 

The tympanic cavity is surrounded by bone. The tympanic membta ne fo rms the lat
eral wall of the cavity. It is composed of a thin, outer layer of epithel ium that is continu
ous with the skin of the external auditory meatus; a thjn layer of connecti ve ti ssue; and 
an inner layer of simple squamous or cuboidal epithelium. The remainder of the cavity is 
lined by ciliated columnar and simple squamous cells. The latter covet the ossicles, as well 
as portions of the wall of the cavity. 
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The membranous labyrinth of the inner ear consists of 
the cochlear duct, sacculus, utriculus, and semicircular 
ducts. Cavities within the petrous segment of the tempora l 
bone, li ned by periosteum and contain ing perilymph (a 
fluid similar to cerebrospinal fluid ), house the membranous 
labyrinth . Those cavities containing the semicircular ducts 
are ca lled the semicircular canals; the one conta ining the 
sacculus and utriculus is ca lled the vestibule; and the one 
containing the cochlear duct (membranous cochlea, scala 
media) is named the cochlear canal (bony cochlea). The 
cochlear cana l spi ra ls like a sna il shell around a centtal pil
lar of bone, the modiolus. A thin shelf of bone, the osseous 
spiral lamina, travels up the mod iolus like the thread of a 
screw. The number of turns in the cochlea r canal va ries. 
There are two and one-ha lf in the horse, three in the cat, 
and four in the pig, for example. 

Each semicircular duct is lined by a mesothelium, is 
filled with endolymph, and bears an expansion, the am
pulla. A sensory structure, the crista ampullaris, is located 
in each ampulla. The sensory hair ceUs and supporting cells 
of each crista are covered by a gelatinous cupula. When the 
latter is deflected during rotational movements o f the head, 
the sensory cells are stimulated and impulses are sent to the 
brain, where the signals are interpreted. 

Both the sacculus and utricul us are filled with en
dolymph and ate lined, in part, by maculae, wh ich are 
patchlike collections of sensory hair cells and supporting 
cells. The remainder of these structures is lined by mesothe
lium. Embedded in the o uter surfa ce of the gelatin ous 
otolithic membrane covering the maculae are nu merous 
ctystalline particles of calcium carbonate ca lled otoliths 
(otoconia, statoconia). As the membra ne shifts in response 
to gravity acting on the otol iths, sensory cells of the macu
lae are stimulated. Impulses sent to the brain in response to 
the stimulus make the anima l awa re of the position of its 
head in space. Also, beca use of the effect of inertia on the 
otolithic membtanes w hen the body suddenly begins to 
move or slow down, hair ce lls are stimulated and the sen
sations of acceleration and deceleration are experienced. 

The spirally organized cochlea r duct is filled with en
dolymph and is roughly triangula r in cross section . One 
side of the duct is attached to the spiral ligament, a thick
ening of the periosteal lining of the cochlear ca na l. This side 
consists of a stratified cuboidal epithelium, the stria vascu
laris. Capillaries occu r among the superficial cuboidal cells 
of the stria . The side of the duct opposite the stti a is 
pointed . The float of the duct is formed from the fibrous 
basilar membrane, wh ich extends from the spiral ligament 
to the osseous spira l lamina. The roof is fotmed from the 
vestibular (Reissner's) membrane, which consists of two 
adjacent layers of simple squamous epithelium. Above the 
roof is a large chamber, the scala vestibuli, which is filled 
with petilymph. Below the floor of the cochlea r duct is an
other large chamber fill ed with perilymph, the scala tym
pani . All three scalas follow a spiral path to the top of the 
cochlear canal. At the apex the scala vestibuli communi-
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cates with the sca la tympani through a tiny opening ca lled 
the helicotrema. 

T he upper surface of the basilar membrane supports 
the acoustically sensitive organ of Corti, which is bathed by 
the endolymph within the cochlear duct. The lower surface 
of the basilar membrane is lined by a simple squamous ep
ithel ium that faces the scala tympani . The organ of Corti is 
comprised of sensory hair cells and va rious different sup
porting cells. Overlying the organ of Corti and extending 
from the spiral limbus (an elevation of connective tissue 
above the osseous spiral lam ina) is the proteinaceous, tec
torial membrane. Stereoci lia of the sensory cells of the or
gan of Corti contact the tector ial membrane. The stere
ocilia are displaced when the basilar membrane vibrates in 
response to sound waves passing through the flu id-fil led 
sca las. The sensory ce lls respond to this perturbation by ini
tiating impulses in the cochlear nerve, wh ich are transmit
ted to the brain for interpretation . The stimulatory sound 
waves are dissipated through the secondary tympanic 
membrane of the round window located in the lower parr 
of the medial wall of the tympanic cavity. 

CHICKEN 
The ear of the chicken consists of the sa me basic compo
nents as that of the mammal, but there are some differ
ences. 

Although an external auditory mea tus is present in the 
chicken, it is relatively shorr, and there is no pinna. 

T he middle ear is lined by a cuboida l epithelium that 
also covers the columella, a single partially ossified rod that 
extends from the tympan ic membrane to the ova l window. 
The columella transmits vibratio ns from the tympanic 
membrane 10 the intern al ear, taking the place of the 
malleus, incus, and stapes of mammals. 

Unlike ma nunals, the sacculus of the internal ear con
tains two maculae. The cochlea r duct is a short, narrow, 
sl ightly curved rube. It possesses a terminal expansion, the 
lagena, a structure peculiar to bi rds. The lagena contains a 
macula that is similar in structure and function to other 
maculae (see under Ma mmals). The cochlear duct is sepa
rated fro m the overlying scala vesti buli by the tegmentum 
vasculosum . The latter is composed of a th in membrane of 
connective tissue integrated with a highly folded epithelium 
containing numerous blood vessels. The epithelium faces 
the cavity of the cochlear duct. T he tegmentum occupies 
the sa me position as the vestibular membrane in ma mmals. 
T he common wa ll sepa rating the cochlear duct from the 
sca la tympani below is formed from the basilar membrane, 
a platform that supports the organ of Corti (papilla acus
tica or basilaris) . As in ma mmals, the organ of Corti is com
posed of sensory and supporting cells and is overlain by a 
tectorial membrane that is in contact with the sensory hairs 
(stereocilia ) of the sensory cells. 
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1. Adipose tissue 
2. Bone 

7. External auditory meatus 
8. Hair follicle 

3. Ceruminous gland 
4. Duct 
5. Elastic cartilage 
6. Epidermis 

9. Pigment granules 
10. Sebaceous gland 
11 . Tympanic cavity 
12. Tympanic membrane 

Fi.gure 20.1. External Auditory Meatus, Puppy. The outer portion 
of the mootus is supported by elastic cartilage. The thin epidermis 
is underlain by numerous sebaceous glands and a few ceruminous 
glands. Small hair follicles are present. 

Figure 20.2. External Auditory Mootus, Puppy. The external au
ditory meatus, near the tympanic membrane, contains large se~ 
bacoous glands. 

Figure 20.3. External Auditory Meatus, Goat. Outer portion of 
the meatus with numerous ceruminous glands. Hair follicles and 
portions of sebaceous glands are also present. 

Fi.gure 20.4. Ceruminous Gland, Goot. The secretory epithelium 
ot these apocrine glands varies from cuboidal to columnar. The 
cells contain tiny, brown pigment granules. 

Figure 20.5. Tymponic Membrane, Periphery, Puppy. The tym
panic membrane has a core of collagenous fibers. Its outer (exter
nal auditory meatus) surface is covered by a strati fied squamous 
epithelium; its inner (tympanic cavity) surface is covered by a sim
ple squamous or cuboidal epitheli um . 
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1. Annular ligament 
2. Articular cartilage 
3. External auditory meatus 
4. Facial nerve 
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KEY 
10. Malleu, 
11 . Sacculus, macula of 
12. Stopes, articular cartilage 
13. Synovial cavity 
14. Temporal bone, petrous 

part 
15. Tympanic cavity 
16. Tympanic membrane 
17. Utriculus, macula of 
18. Vestibule 

Figure 20.6. Malleus and Tympanic Membrane, Puppy. The 
handle (manubrium) of the ma lleus i, attached to the tympanic 
membrane. 

Figure 20.7. Tympanic Membrane, Puppy. Where the 
manubrium of the malleus is embedded in the tympanic mem
brane, the connective tissue of the tympanic membrane is th icker 
than elsewhere, and blood vessels ore abundant. 

Figure 20.8. Portion of Stapes and Incus, Puppy. The footplate of 
the stapes is a ttached to the oval window by an annular ligament 
Ibroken on one side in this section}. The stapes articulates with the 
lenticular process of the incus. 

Figure 20.9. Joint, Malleus and Incus, Puppy. The head of the 
malleus articulates with the body of the incus in this synovial joint. 

Figure 20.1 O. Junc~on of Len~cular Process and Stapes, Puppy. 
The stapes articulates with the lenticular process of the incus. See 
Figure 20.8 for orientation. 
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1. Ampulla, cavity 
2. Annular ligament 
3. Connective tissue 
4. Cupula, portion of 
5. Mixed glands 
6. Otolith 
7. Otolithic membrane 

8. Pseudostratified epithelium 
9. Sensory ceil, nucleus 

10. Siapes, articular cartilage 
11. Supporting cell, nucleus 
12. Temporal bone, petrous part 
13. Type 1 cell 

Figure 20.11 . Annular Ligament, Stapes, Puppy. The stapes is 
fastened to the circula r cartilage of the oval window by the fi· 
broelastic, annular ligament. See Figure 20.8 for orientation. 

Figure 20.12. Macula of Sacculus, Puppy. Otoliths are embed· 
ded in a gelatinous otolithic membrane, which lies on an epithe
lium consisting of sensory and supporting cells. (halicelike, Type 
I sensory cells and the basal nuclei of supporting cells are evident 
in this micrograph. 

Figure 20.13. Crista Ampullaris, Puppy. This ridge of sensory 
epithelium, supported by connective tissue, protrudes into the am
pulla of a semicircular duct and is oriented at right angles to the 
long axis of the duct. The epithel ium consists of sensory and sup
porting cells simi lar to those found in the maculae. A mass of 
gelatinous material, the cupula, covers the surface epithelium. 

Figure 20.14. GuHural Pouch, Horse. This diverticulum of the eu
stachian tube is lined by a ciliated, pseudostrotified columnar ep
ithelium with goblet cells. Mixed glands occur in the lamina pro-

• pna. 
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10. 
11. 
1 2. 
13. 
14. 
15. 
16. 
17. 

Spirol ganglion 
Spiral ligament 
Spiral limbus 
Spirol tunnel 
Stria vascularis 
Tectorial membrane 
Temporal bone, petrous part 
Vestibular membrane 

Figure 20.15. Cochlea. Puppy. Cross section Ihrough a portion of 
Ihe spiral cochlea. See Figure 20. 16 for deloils of cochlear duel 

• 
region. 

Figure 20.16. Cochlea, Puppy. Deta il of the region of the 
cochlear duct (scala media, membranous cochlea). 
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1. Basilar membrane 
2. Blood vessel of 

connective tissue bose 
3. Copillory 
4. Cartiloginous frome, caudal 
5. Cartilaginous frome, rostrol 
6. Cochleo, bony woll 
7. Cochlear nerve 

13. Organ of Corti 
14. Perilymphatic space 
15. Rophe 
16. Scala media (cochlear 

ductl 
17. Scolo tymponi 
18. Scola vestibuli 
19. Semicircular canal, wall 

8. Dork cell 20. Semicircular duct, wall 
9. Endolymphatic space 

10. Hair cells 
21 . Supporting cells 
22. Tectorial membrane 

11 . Homogeneous cells 
12. Ught cell 

23. Tegmentum vosculosum 

Figure 20.17. Semicircular Canal, X.5., Chicken. The semicircu
lar canal is a part of the bony labyrinth . It contains the semicircu
lar duct, a part of the membranous labyrinth. The duct is lined by 
a simple squamous epithelium except at the raphe, where 
cuboidal cells form the lining . 

Figure 20.18. Cochlea, x.s., Chicken (Masson's) . 

Figure 20.19. Organ of Corti, Cochlea, x.s. , Chicken (Mas· 
son'sl . 

Figure 20.20. Tegmentum Vasculosum, Cochlea, Chicken (Mas· 
son's). This thick membrane rests on a thin base of connective tis
sue and possesses a highly folded epithelial surface with numer
ous vascular loops. The epithelium consists of light and dark cells. 
Dark cells have a constricted neck region that extends to the sur
face of the epithelium. Their bosal portion contains the nucleus 
and is irregularly shaped. The cytoplasm is very dense. light cells 
have a pale cytoplasm and surround the dark cells. 
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GLOSSARY 

A band: The part of a sarcomere, of both skeletal and car
diac muscle ce lis, containing actin and myosin myofil a
ments and located centra ll y between the I ba nds of the 
sarcomere. 

Abomasum: The glandular stomach of a ruminant. 
Accessory gland: The name applied to any of the following 

glands of the male reproducti ve system: bulbourerhral, 
prostate, seminal vesicle. 

Acid stain (anionic stain): A dye, used for histologic or cy
tologic staini ng procedures, th at carries a nega tive 
charge. Such dyes attach electrostatically to posi tively 
charged components of cells or other tissue elements. 

Acidophil (alpha cell ): An acidoph ilic chromophil fo und 
within the pa rs distalis of the pituitary. 

Acidophilic: A cell or tissue component that is selectively 
stained by an acid dye. 

Acinus: A small grape-shaped secretory unit of an acinar 
gland or tu buloacinar gland . 

Adenohypophysis: The glandular portion of the pituitary. 
It is derived during development from Rathke's pouch. 
It incl udes the pars distal is, pars tu beral is, and the pars 
inrermedia . 

Adipocyte: Synonym fo r fat cell. 
Adipose tissue: Aggregates of ad ipocytes within loose con-. . 

nec[lve [Issue. 
Adrenal cortex: That part of the adrenal gland surrounding 

the medulla. It is divisible into fo ur zones of cells that 
produce steroid hormones. 

Adrenal medulla: The region interior to the cortex of the 
adrenal gland. The chromaffin cells of the medulla se
crete the hormones epi neph rine (ad renalin ) and nore
pinephrine. 

Adventitia: The external layer of connective tissue covering 
a structure. 

Afferent arteriole: Smallest branch of the renal artery that 
del ivers blood directly ro the glomerulus of a rena l cor
puscle. 
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Agranulocyte: A leukocyte that lacks specific granu les, e.g., 
a lymphocyte or monocyte. 

Air capillary: In birds, a tiny respiratOry tubule formi ng 
part of a network connecting parabrollchi . Respiratory 
excha nge occurs between the blood in surro unding 
blood capillaries and the gas within air capillaries. 

Air sac: One of several ra ther large, thin-walled, and air
filled sacs fo und with in va rious partS of the body cavity 
of a bird . Many hollow bones of the chicken contain ex
tensions of air sacs. The designation ai r sac is also used 
as a synonym for alveolus. 

Alveolar bone: The bone lining the alveolus (root socket) of 
a tooth . Collagenous fibers attach the root of the tooth 
to the alveolar bone. 

Alveolar duct: The portion of the resp iratory tree of a 
mammal lying between a respiratory duct and an alveo
lar sac. 

Alveolar sac: A termi na l, baglike expansion of the 
bronchial tree whose wa ll is fo rmed entirely from alve
oli. 

Alveolar septum: All of the tissue separating the cavities of 
adjacent alveoli of the lung. 

Alveolus: One of millions of thin-walled, tiny sacs forming 
the terminal limits of the bronchial tree. It is sometimes 
ca lled an air sac. The term is also used as a synonym for 
the acinus of a exocrine gland. 

Ameloblasts: Cells that fo rm the enamel organ of a tooth 
and produce the enamel. 

Amorphous ground substance: A viscous and colorless ma
terial that fills the spaces between the fibers, cells, and 
vessels of connective tissue. 

Ampulla: A di la ted portion of a tu bular structure such as 
the ampulla of a semicircular duct of the inner ear, or the 
ampulla of the vas deferens. 

Anal gland: A tubuloacina r gland found within the submu
cosa and muscularis of the anal cana l of ca rnivores and 

• pigs. 



Anal sac: One o f a pair o f pouchlike glands fo und within 
the tissue adjacent to the anus. 

Anastomosis: A connection between twO srrUCfUres. 
Anestrus: In non primate mammals, the period of sexual in

activity. 
Annular ligament: A fibroelastic ligament thar anaches the 

Stapes of the middle car ro the cartilage of the oval win
dow. 

Annular pad: Th e portion of the lens of the chicken eye lo
cated around the equator of the lens. 

Annular sinus: A large blood sinus lying between the inner 
and outer layers of the connective tissue sheath of a si
nus hair foll icle. 

Anterior chamber: The space, filled with aqueous humo r, 
that is bounded by the cornea, iris, and lens of the eye. 

Anterior epitheli um: The stratified squamous epithelium of 
the outer surface of the cornea . 

Antrum: A cavity such as the antrum of an ovarian follicle. 
Aortic body: A small enca psu lated structure, located be

tween th e pu lmonary artery and aorta, that contains 
blood vessels, nerves, and two kinds of parenchyma cells. 

Apocrine gland: A gland whose secretory cells release thei r 
product by pinching off blebs of cytoplasm containing 
secretory product from thei r free surface. 

Arachnoid layer: The mi ddle meninx enveloping the spinal 
cord and brain. 

Argyrophilic: A substance having an affinity for silver. 
Arrector pil i muscle: The smooth muscle originating from 

the dermis of the skin and insert ing 011 the connective tis
sue sheath of a hair foll icle. Elevates the hair. 

Arteriole: The smallest of the arteries . Consists of an en
dothelium and one or twO layers of smooth muscle. 

Arteriovenous shunt: A vessel that enables blood to flow 
directly from an a rte ry to a vein withou t passing 
th rough a capilla ry bed. 

Artery: A blood vessel that carries blood away from the 
heart to a ca pillary bed. 

Artifact: Any alteration in appearance or structure that has 
been caused by arti ficial means. 

Arytenoid cartilage: One of two small cartilages located at 
the back of the larynx. 

Astrocyte: A neuroglial cell having long processes and a 
starlike appearance. 

Atresia: The dcgenerati ve regression of an ovarian fo il ide. 
Atretic follicle: An ovarian folli cle that has undergone atresia. 
Atrium: A cavity or chamber such as an atrium of the heart 

or an air vesicle of a chicken's parabronchus. 
Auerbach's plexus: A collection o f nerve cells and fibers ly

ing between the circular an d longitudinal byers o f the 
muscularis externa of the digestive tract. 

Axon hillock: The place of origin of an axon from a nerve 
cell body. The hillock lacks Nissl granules. 

Azurophi lic granu le: Nonspecific granules found in the cy
toplasm of some leukocytes. 

Band cell: A granulocyte in the process of development and 
characterized by the presence of a strapli ke unseg
mented llucleus. 

Barb: A subd ivision, bearing barbules, of a vane of a con
tour fe.H ller. The barbulcs of adjacent barbs interlock 
with one another by means of their hook lets. 

Barb stem: The stalk of the ba rb of a fearher. 
Barbule: A projection, bearing hook lets, from a barb. 
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Basal cell: A pale cell fo und in the fund us of the gastric 
glands of the ventriculus of the chicken. The term basal 
cell is also applied to a cell attached to the basement 
membrane of a stratified epithelium. 

Basement membrane: A fibrous membrane separati ng (he 
cells of an epithelium from the underlying connective tis
sue. 

Basic stain (cationic stain ): A dye used for hisrologic or cy
tologic stain ing procedures [htlt ca rries a pos itive 
charge. Such stains attach electrostatica ll y to negatively 
charged elements w ith in cells and tissues. 

Basilar membrane: A membrane of the inner ear that sup
ports the organ of Corri. 

Basophil: A grtlnulocyte characterized by large, basophilic, 
specific granules. Also, a cel l of the pars distal is of the pi
tuitary gland. 

Basophilic: A cell or tissue component that a ttracts and be
comes colored by a basic stain. 

Basophilic erythroblast: A developing cel l of the erythroid 
line chamcterized by an intensely basophil ic cytoplasm 
and a large, roun d, and deeply stained nucleus. 

Bile canaliculus: A tiny channel, formed from the cell mem
branes of ad jacent hepatocytes, that receives bile from 
the hepatocyte and delivers it to a bile ductule. 

Bile ductule: A subdivision of a bile duct found within a 
portal area (tract) and lined by a simple cuboida l epi
thelilllll. 

Bistratified epithelium: A stratified epithelium consisting of 
two layers of cells. 

Blastocyst: The vesicubr embryonic stage of a mammal 
that consists of an inner cell mass and ou ter cell mass 
(trophoblast) surrounding a fluid -filled cavity (blasto
cele, blastocyst cavi ty). 

Bone marrow (active): The site of the formation of blood 
cells (hematopoiesis) within the marrow cavity of a bone. 

Bone matrix: The hard, calcifi ed substance of a bone, con
sisting of hydroxyapatites and collagenous fibers. 

Bowman's capsule: The ho llow, bulbus, initial portion of a 
renal corpuscle. Its outer wall is the capsular epitheli um 
(si mple squamous), and its inner wall o r glomerula r ep
ithelium is composed of podocytes. 

Bowman's gland: A mucoserous gland located in the lam
ina propria below the respiratory epithelium. Its duct 
opens OntO the respiratory epithelium. 

Bowman 's membrane: A membrane of connective tissue 
that lies below the anterior epi thelium of the cornea. 

Brain sa nd: A granular, calcified materitll that may be 
found in various parts of the brain. 

Bronchiole: A subdivision of the bronch ia l tree that begins 
at the tcrmination of (he sma llest bronchus. Bronchioles 
vary in diameter, amount o f smooth muscle present, and 
whether a cilia ted epithelium is present. 

Bronchus: Any subdivision of the bronchial tree from the end 
of the trachea to a bronchiole. All bronchi are supported 
by cartilage and are lined by an epithelium that varies from 
cilia ted pseudostratified columnar in the larger bronchi to 
cil iated simple columnar in the smaller ones. 

Bruch's membrane: A thin , refractile membrane of the 
retina separating the choriocapillary layer of the choroid 
from the pigment epithelium of the retina. 

Briicke's muscle: A cilia ry muscle (skeletal) of the chicken 
eye. 



Brunner's gland (duodenal or submucosal gland ); A com
pound tubuloacinar mucous gland found within the 
submucosa, and to some degree the lamina propria, of 
the duodenum. 

Brush border: A border fo rmed from numerous microvilli 
of variable length on the apical surface of certain ep
ithelial cells, e.g., those of the proximal convoluted 
tubules of the kidney. 

Suffy coat: The thin layer of leukocytes between the 
plasma and packed red blood cells in a sample of blood 
that has been cenrrifuged . 

Bulbar conjunctiva: T hat portion of the conjunctiva lo
cated on the surface of the eyeball . 

Bu lbourethral gland (Cowper's gland ): An accessory male 
reproductive gland that empties into the urethra. Its se
cretion forms part of the seminal fluid . 

Bursa of Fabricius: A saclikc lymphatic diverticulum from 
the dorsal surface of the proctodeum of birds. 

Calamus: The hollow quill of a feather. 
Calcified cartilage: Cartilage matrix that has become im

pregnated with calcium salts, as in the zone of calcifica
tion of the epiphyseal disc. 

Canal of Hering: A tiny channel, lined by simple cuboidal 
epithelium, that connects a bile canaliculus to a bile duc
tule within a portal tract (area). 

Canal of Schlcmm: A channel within the sclera that drains 
excess aqueous humor from the eye to the circulatory 
system. 

Canaliculi: In bone, tiny channels that contain the pro
cesses of osteocytes. 

Capillary: A blood vessel ranging from 4 to 12 micrometers 
in diameter that is networked with other capillaries and 
located between an arteriole and venule. 

Capsular epithelium: The outer simple squamous cpithe
limn of Bowman 's capsule. 

Capsule of Glisson: A thin layer of connective tissue en
veloping the liver. 

Cardiac gland: A mucous gland located in the cardiac gland 
region of the glandular stomach . 

Cardiac gland region: The proximal part of the glandular 
stomach preceding the fundic gland region. 

Cardiac muscle: The striated, involuntary muscle of the 
heart. 

Cardi ac skeleton: A supportive framework of connective 
tissue found at various locations within the wall of the 
heart. 

Caruncle: In ruminants, any nonglandular region of the 
mucosa of the uterus. 

Cavernous space: A thin-walled vein that forms part of the 
erectile tissue of the urethra. 

Cavity of the vitreous humor: A large space behind the lens 
of the eye that contains a transparent and colorless 
gelatinous mass, rhe vitreous body (humor). 

Cecum: In mammals, that portion of the large inrestine that 
unites with rhe small intestine. In chickens, one of two 
diveniculi that arise from the region of junction of the . 
ileum and large intestine. 

Cellular tapetum lucidum: A cellular reflective layer of the 
choroid of the eye of cats and dogs. 

Cementoid (precementum ): Uncalcified cementum of a 
tooth, produced by cells cal1ed cementoblasts. 

Cementum: A layer of bonelike mineralized tissue covering 
the dentin of the root of a tooth. 

Central artery: A branch of the splenic artery that passes 
through the white pulp of the spleen. 

Central canal: The fluid -filled cavity within the center of 
the spinal cord. 

Central pallor: The pale central area, evident in a surface 
view, of the biconcave erythrocyte. 

Ccntroacinar cell: An extension of an intercalated duct of 
the pancreas into the interior of a secretory acinus. 

Cerebellum: A part of the brain that lies above the medulla 
and pons and below the posterior parr of the cerebrum. 

Cerebrospinal fluid: T he clear fluid found within the ven
tricles of the brain and the central canal of the spinal 
cord. 

Cerumen: A soft, waxy substance fo rmed from the com
bined secretions of the ceruminous and sebaceous 
glands of the external auditory meatus and containing 
sloughed epithelial cells. 

Ceruminous gland: A gland of the external auditory mea
tus whose secretions contribute to the composition of 
the cerumen. 

Cervical os: The opening of the cervix into the vagina . 
Chestnut: A small round or oval thickening of the epider

mis located on the inner side of the legs of a horse. 
Chief cell (stomach): A cell found in the fundic gland region 

of the stOmach that secretes pepsinogen. 
Chondrocyte: A caniJage cel! surrounded by cartilage ma

triX. 

Chorioallantoic membrane: An extraembryonic membrane 
of amniotes formed from the fusion of the chorion and 
the allantois. 

Choriocapillary layer: A network of capillaries of the 
choroid, distributed in a single pla ne, below Bruch's 
membrane of the eye. 

Chorion laeve: A part of the chorionic sac, having a smooth 
surface, that is not involved in the formation of the pla
centa. 

Choroid: The portion of the uvea (vascular tunic) of the eye 
located between the sclera and the photosensitive retina . 

Choroid plexus: A highly vascularized portion of the roof 
of the fourth ventricle and of other ventricles of the 
brain whose villi are surrounded by cerebrospinal fluid. 

Chromaffin cells: Cells of the adrenal medulla that form 
clusters and anastomosing cords separated by sinusoids. 

Chromophil: A cell of the pars distalis of the pituitary that 
can be stained with variolls kinds of histologic dye sub
stances. 

Chromophobe: A small cell of the pars distalis of the pitu
itary that stains poorly or nOt at all with dyes. 

Ciliary body: The portion of the uvea between the choroid 
and the iris. 

Ciliary muscle: The musculature of the ciliary body. 
Ciliary process: A projccrioll from the surface of rhe pars 

ciliaris retinae of the ciliary body to which zonular fibers 
are attached . 

Circumanal gland: A partly sebaceous gland found in the 
subcutis nea r the anus of the dog. 

Circumferential lamellae: The bony lamellae that lie paral
lel to the outer and inner surfaces of long bones. 

Circumvallate papilla: A large, round elevation bearing nu
merous raste buds, found on the surface of the tongue. 

GLOSSARY 271 



Classic liver lobule: A cylindrical subunit (about I x 2 mm ) 
o f the liver that is composed of pl;ues of hepatocyrcs sep
arated by an extensive nenvork of sinusoids. 

Claw: A keratinized derivative of the skin found on the tips 
of the digits . 

Clear cell: A cell of the secretory units of the carpal gland 
of the pig. 

C learing: In a tissue sample being processed, the replace
ment of alcohol with a substance miscible with paraffin 
prior to infiltrating the sample with paraffin. 

Clitoris: A structure of the fe male that is homologous to the 
glans penis of the male. 

Cloaca: A cha mber, internal to the vent, of va rious verte
brates that receives d igestive wastes, reproductive cells, 
and urinary products. 

Cochlear canal: The bony canal, w ithin the petrous ponion 
of the temporal bone, that contains the scala tympani, 
scn ln media (cochlear duct), and scala vestibuli. 

Cochlear du ct: A spirally arranged part of the membranous 
hlbyrinrh, whose walls are formed from the basilar 
membrane, stria vascularis, and the vestibular mem
brane. 

Collagen: A fo rm of fibrous protein of wh ich several types 
eXist. 

Collagenous fibers: Fibers formed from one of the types of 
the fibrous protein collagen. 

Collecting tubule: The pan of a uri niferous tubule that re
ceives urine filtrate from a nephron. 

Col1oid: A gelatinous material found within follicles of the 
thyroid gland and the pars intcrrnedia of the pituitary 
gland, among other places. 

Columella: An ossicle of the middle car of birds and some 
other venebrates. 

Comb: A highly vascularized derivative of the sk in found 
atop the head of the chicken. 

Compact bone: A bone whose dense matrix contains few 
marrow spaces. 

Compound follicle: A hair follicle bearing several hair 
bu lbs. 

Con junctiva: An epithel ial la yer covering part of the bulbar 
surface of the eye and the inner surface of the eyelid. 

Connecting duct: Tubules of the epididymis of the rooster, 
which arc also called excretory cana ls. 

Connective tissue proper: A category of connective tissue 
that includes loose, dense, reticular, clastic, and adipose 

• {Issues. 
Connective tissue sheath (of hair follicle); A layer of con

nective tissue surroundi ng a hair follicle. 
Contou r feather: A flight feather of birds with a central 

shaft consisti ng of a rach is supponing the vanes and a 
hollow quill. 

Coprodeum: The portion of the cloaca that joins the large . . 
Intestlne. 

Cornea: The anterior, transparent portion of the fib rous tu 
nic of the eye. 

Corneal stroma (substantia propria): Lamellae of collage
nous fibers oriented parallel to the corneal surface and 
located benveen Bowman's and Descemet's membranes 
of the cornea. 

Corncoscleral trabecular meshwork: A meshwork of tra
beculae of connenive tissue, fibroblasts, and pigment 
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cells found in the filtration angle of the eye immediatcly 
ad jacenr of the sclera . 

Corneous cells: Kera tinized cells of a feathe r follicle or sur
face epidermis. 

Corneous connection: A strand of tissue extending from 
the corneolls layer of a feather follicle TO the calamus of 
a developing feather. 

Corona (of lymphatic nodule): The extern a l layer, consist
ing of numerous smalll Ylllphocytes, of an activated lym
phatic nodule. 

Corona radiata: The columnar cells abutting the zona pel
lucida and fo rming the innermost layer of the cumulus 
oophorus of an ovaria n folli cle. 

Coronary region: The proximal, peripheral parr of thc 
horse's hoof located above the lami nae. 

Corpora amylacea: Concretions of casein and cellular de
bris found within the ca vities of the secretory units of the 
mammary gland. 

Corpora nigra: H ighly vascularized proliferations of the 
pupillary margin of the iris. 

Corpus albicans: Scar tissue remaining following regres
sion of the corpus luteum of the ovary. 

Corpus cavernosum: A mass of erectile tissue located 
within the body of the penis. 

Corpus cavernosum clitoridis: Erectile tissue of the clitoris. 
Corpus luteum: An endocrine gla nd derived from granu· 

losa cells and theca interna cells of a postovu latory ovar
ian follicle; its cells secrete progesterone and estrogen. 

Corpus spongiosum (corpus cavernosum urethra): Erectile 
tissue within the glans of the penis and surrounding the 
peni le urethra. 

Cortex (hair): That portion of a hair located between the 
cuticle and the medulla . 

Cortica l nephron (chicken ): A nephron with a relatively 
small renal corpuscle located in the cortex of the kidney. 

Cotyledonary placenta: The type of placenta found in ru
minants where numerous, bean-shaped ponions of the 
chorioa llantoic membrane form the functional connec
tions with the endometrium. 

Crampton's muscle: One of the ciliary muscles (skeletal ) of 
the chicken's eye. 

Crenated: I-laving a corrugated or sca lloped border, e.g., 
the cell membrane of an erythrocyte followi ng the loss 
of water. 

C rista ampull aris: A sensory StruCture located within the 
ampu lla of a semicircular duct of the inner ea r . 

C rop: A caudal di vert iculum of the esophagus of the 
chicken used for the temporary Storage of food. 

Crypt o f Lieberkiihn (i ntestinal gland); A simple tubular 
gla nd located within the lamina propria of the small and 
large intestine. 

C umulus oophorus: The mound of granu losa cells sm· 
roundi ng an oocyte of the ovarian folli cle of a mammal. 

Cupula: The gelatinous covering of the sensory hair cells of 
the crista ampullaris. 

Cu ticle (hair): The layer o f fl a t cells, arranged in a shingle· 
like ma nner, on the surface of a hair. 

Cytoplasmic bridge: The region of adhesion (at the desmo· 
somes) benveen adjacent epithelial cells of the Stratum 
spinosum of the epidermis. 

Cytotrophoblast: The cellular layer of the trophoblast (cov· 



ering layer of the blastocyst) that comributes to the for
mation of the placema. 

Dark zone (glandular stomach): The distal and longest part 
of the fundic gland region of the stomach of carni\'ores; 
characterized by a thick mucosa and relatively shallow 

• • gastric PitS. 
Decidu ate placenta: A type of placenta wherein the 

choriO:lllantoic membrane has fused with the en
dometrium. 

Dendrite: T he neuronal process that receives stimuli. 
Dense irregular connective tissue: A form of connective tis

sue proper that consists of relatively thick collagenous 
fibers arranged as a feltwork with scam space between 
them. The predomi nam cell is the fib roblast. 

Dense regular connective tissue: A form of connective tis
sue proper that consists of relatively thick collagenous 
fibers, arranged in parallel, with scam space between 
them. The fibroblast is the only cell type present. 

Denta l lamina: A band of ectodermal cells fro m the em
bryonic jaw that grow into the underlying mesenchyme. 
Buds from the dental lamina give rise to the primordia 
of the enamel organs of the teeth. 

Dental papilla: A projection of mesenchyme of the embry
onic jaw into the developing enamel organ. 

Dental pulp: The soft tissue of the pulp cavity of a tomh. 
Denta l sac: The mesenchyma l precursor of the connective 

tissue surrounding a developing tooth, or the connective 
tissue surround ing a developing tooTh. 

Dentin: T he ivory that forms the mass of the tooth. 
Dermal papilla: A projection of the dermis into the overly

ing epidermis. 
Dermis: The connective tissue of the skin located beneath 

the epidermis. 
Desccmet's membrane: An acellular layer separating the 

stroma from the posterior epithelium of the cornea. 
Diaphysis: The shaft of a long bone. 
Diencephalon: A subdivision of the brain composed of the 

tha lamus, subthalamus, and hypothalamus. 
Diestrus: That part of the estrous cycle, between metestrus 

and anestrus, when development and secretory activity 
of the endomet rial glands peak. 

Diffuse lymph atic tissue: A type of lymphatic tissue char
acterized by a moderate amount of sca ttered lympho
cytes. 

Diffuse placenta: T he name given to a placenta when the 
chorioallantoic membrane makes a major structural 
contri bution. 

Digital cushion: The loose connective tissue (subcutis) be
low the dermis of the digital pad. 

Digital pad: The soft, shock-absorbing tissue formed by the 
epidermi s, derm is, and subcutis beneath the digits of 
many mammals. 

Diplokaryocyte: A bi nucleate gia nt cel l of the epitheli um of 
a chorionic villus o f t he placenta of the cow. 

Distal convoluted tubule: That portion of a nephron lo
cated l>Ctween the loop of Henle and a collecting tubule. 

Dorsal plate (claw): The keratinized, upper parr of a claw. 
Dorsal root ganglion: The ganglion of the dorsa l root of a 

spinal nerve. 
Down feather: A soft, fluffy feat her that lacks barbu[es 

with hook lets. 

Duct of the epididymis: T he highly convoluted duct form
ing a major part of the epididymis. 

Dura mater: The outer meni nx of dense connective tissue 
surrounding the brain and spinal cord. 

Efferent arteriole: The arteriole carrying blood away from 
the glomerulus of a renal corpuscle. 

Efferent ductu le: One of several small tubes connecting the 
rete testis to the duct of the epididymis. 

Elastic carti lage: A type of ca n ilage whose matrix conm ins 
numerous elastic fibe rs. 

Elastic fiber: A component of certain connective tissues 
that forms from the protein elasti n. 

Ellipsoid: A fusifo rm structure, composed of macrophages, 
that surrounds a portion of each of the capillaries of the 
penicillus of the spleen. 

Embedding: When an infil trated tissue is transferred to a 
fresh solution of embedding medium (e.g. melted paraf
fin) and the paraffin is then allowed to harden. 

Embryonal connective tissue: A fo rm of connective tissue 
exemp lified by mesenchyme and IllUCOUS connective tis
sue. 

Enamel: The hard, glisten ing material covering the exposed 
su rface of a tooth . 

Endocardium: The tissue layer lining the atria and ventri
cles of the hea rt. 

Endochondral bone: Bone thar has been formed by replac
ing a cartilaginous model. 

Endocrine gland: A ductless gland. 
Endolymph: A clear fluid contained within the semicircular 

ducts, saccu lus, utriculus, and coch lear duct of the inner 
car. 

Endometrial gland: A simple tubular gland of the en
dometrium of the uterus. 

Endometrium: The mucosa of the uterus. 
Endomysium: The con nective tissue immediately sur

rounding individual muscle cells of a fascicle of a mus
cle. 

Endoneurium: The connective tissue im med iately su r
rounding the processes of nerve cells with in a fascicle of 
a nerve. 

Endosteum: The layer of squamous osteogen ic cells lining 
the entire marrow cavity and extending into the haver
sian canals. 

Endotheliochorial placenta: A type of placenta, found in 
ca rnivores, where the maternal and fetal blood a re sep
arated by four layers of tissue. 

Endothelium: The simple squa mous epithel ium lining the 
ca rdiovascular system and lym phatic vessels. 

Enterochromaffin cell: A fo rm of APUD cell (amine-pre
cursor uptake decarboxylase cell) found in the gastroin
testinal tract, among other places; it can be stained with 
bich romate solutions and produces either a hormone or 
a pa racrine (n substance tha t ,letS locally by diffusing to 
a target organ). 

Eosinophil: A granulocyte cha racterized by the presence of 
eosinoph ilic specific gra nules. 

Ependymal cell : A nellroglial cell that lines the ventricles of 
the brain and the central cana l of the spinal cord. 

Epicardium: The outermost la rer of the heart. 
Epidermal collar: A th ick ring of epidermal cells situated a t 

the base of the follicle of a feather. 
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Epidermal laminae: The platelike epidermal structures of 
the wall of the horse's hoof. 

Epidermal peg: A downward extension of the epidermis 
that alternates with upward -extending dermal papillae. 

Epidermis: The ectodermally derived stratified squamous 
epithelium forming the surface layer of the skin . 

Epididymis: A highly coiled tube of the male reproductive 
system located between the efferen t d uctules and the vas 
deferens. 

Epimysium: The Outer sheath of connective tissue of a mus
cle. 

Epineurium: The outer sheath of connective tissue of a nerve. 
Epiphyseal disc: A plate of hyaline carti lage between the 

epiphysis and diaphysis of a developing (growing) long 
bone. 

Epiphysis: The end (proximal or distal) of a long bonc . 
Epithdiochorial placenta: A placenta with six tissue layers 

between the maternal and fetal blood streams. 
Epithelioid cell : A cell that resembles an epithelial cell. 
Epithelium: A cellu lar tissue that covers external surfaces 

or lines cavities. 
Erectile tissue: A high ly vascular tissue that allows for an 

increase in turgidity of the penis or clitoris. 
Ergot: An epidermal thickening found on the posterior sur

face of a horse's foot at the level of the distal end of the 
metacarpal bone. 

Erythrocyte: A red hlood cell. 
Estrous cycle: A cyclic event of a fe male non primate mam

mal involving changes in anatomic structure of repro
ductive organs, changes in physiologic condition, and 
changes in sexual behavior. 

Estrus: That segment of the estrous cycle during which the 
female is sexually receptive of the male. 

Euchromatic: The relatively pale appearance of the nucleus 
of a fixed and stained cell when the chromatin is not 
highly coiled. 

Exocrine gland: A gland with a duct system that carries a 
secretion to a body surface or cavity. 

External auditory meatus: The canal of the external ear. 
External car: That portion of the ear externa l to the tym · 

panic membrane, including the external auditory mea · 
tus and the pinna. 

External elastic membrane: The elastic membrane externa l 
to the tunica media of some arteries . 

External roO( sheath: The layer of cells in the wall of a hair 
follicle benveen the inner root sheath and the connective 
tissue sheath. 

Eyelid: The movable, muscular fold covering the eye . 
Fascicle: A bundle of structures such as a bundle ofaxons 

or a bundle of muscle cells. 
Feath er fo llicle: The epidermal structure from which a 

feather grows. 
Feather pulp: The vascularized, mesenchyme-like tissue in 

the center of a developing feather. 
Feather sheath: The thin, epidermal surface layer of the 

calamus of a growing feather. It eventually disintegrates 
except for a collar like remnant around the calamus. 

Fibroblasts: Ubiquitous cells of the connective tissuc, re
sponsible for producing the precursors of collagen and 
elastin and for producing the amorphous ground sub
stance . 
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Fibroelastic tissue: Connective tissue proper containing a 
mi xture of collagenous and elastic fibers. 

Fibrous cartilage: Dense connective tissue containing iso
lated groups of chondrocytes surrounded by small 
amounts of matrix. 

Fibrous tapetum lucidum: A reflective layer of the choroid 
of the eyes of horses and ruminants that is composed of 
collagenous fibers and fibroblasts. 

Fibrous tunic: An external sheath comprised of fibers of . . 
connectIve tIssue. 

Filiform papilla: An outgrowth on the surface of the tongue 
bearing threadlike projections or spines. 

Filoplumc: A small, hairlike feather. 
Fil tration angle: In the eye the angle formed between the 

limb us, ciliary body, and the base of the iris. 
Fixative: A chemical or mixture of chemicals used to pre· 

serve the structural characteristics of fresh tissue. 
Foliate papilla: One of several fold like elevations of the sur· 

face of the tongue. 
Follicular tonsil: A tonsil with deep invaginarions (crypts) 

of its surface epithelium. 
Forestomach: The nongland ular portion of the stomach of 

the horse, ruminant, or pig. 
Formed clements: Collectively, the erythrocytes, leuko

cytes, and platelets of the blood. 
Fornix of conjunctiva: The point of reflection of the bulbar 

and palpebral conjunctiva . 
Fossa: A cavity or a pit. 
Fourth ventricle: The fluid-filled cavity of the medulla oh· 

longata of the bra in. 
Frog: A caudal wedge-shaped part of the horse's hoof that 

lies between the bars. 
Fundic gland region: A portion of the glandular stomach 

lying between the cardiac and pyloric gland regions. 
Fungiform papilla: A mushroom-shaped elevation of the 

surface of the tongue. 
Gallbladder: A saclike diverticulum of the cornman bile 

duct; functions as a storage depot for bile. 
Ganglion ccli layer (retina): Layer of cell bodies of neurons 

between the inner, plexiform layer and the nerve fiber 
layer. 

Gastric furrow: A depression in the mucosa of the glandu
lar stomach lined by columnar surface mucous cells. 

Gastric pit (foveola): An invagination of the mucosa of the 
glandular stomach lined by columnar, surface mucous 
cells. 

Germinal center: The central region of an activated lym
phatic nodule, consisting ma inly of lymphocytes of 
medium to large size. 

Germinal epithelium: The epithelial layer covering rhe cor
tex of the ovary; composed of cuboidal or flattened cells. 

Germinal vesicle: The nucleus of an oocyte. 
Germinal zone (lens of eye): A band of epithelia l cells 10· 

cated around the equator of the lens, capable of dividing 
throughout adult life. 

Gingiva: The gum surrounding a tooth. 
Glands of Moll: Sweat glands of the skin of the eyelids . 
Glands of the anal sac: Tubular glands in the wall of an 

anal sac. 
Glands of Zeiss: Sebaceous glands of the skin of the eyelids. 
Glandular stomach: The portion of the stomach character-



ized by the presence of various types of tubular glands. 
It includes cardiac, fundic, body, and pyloric regions. 

Globular (Globule) leukocyte: A leukocyte-l ike cell with 
la rge, round, eosinophi lic granules, found in the mucosa 
of rhe intcstine and stomach and repon ed to be derived 
from mast cell precursor cells in rumi nants and rats. 

G lomerular epithelium: The layer of podocytes in intimate 
contact with the glomeru lar capillary loops of a renal 
corpuscle. 

Glomerulus: The tuft of capillary loops in the center of a re
nal corpuscle pos itioned between the a fferent and effer
ent a rteriole. 

G lycogen body: A structu re, centrally located in the spinal 
cord of bird s, w hose ceUs camain a central mass of 
glycogen . 

Goblet cell: A mucus-secreting cell having thc shape of a 
gobler. 

Gonocyte: A pri mordia l germ cell. 
Granulocytc: A leukocyte having specific granules, e.g., 

eos inophil , neutrophil, basophil, and heterophil. 
Granulosa lutein cell: The principal cell type of the corpus 

luteum; derived from a membrana granulosa cell of a 
postovulatory follicle. 

Gray matter: T hat portion of the brai n and spinal cord con
tai ning the cell bodies o f neurons and mainly unmyeli
nated neu ronal fibers. 

Ground substance: T he substance, consisting mainly of gly
coproteins and glycosa minoglycans, that fill s the spaces 
between the cellul a r and fibro us elements o f connective . 
tissue. 

Gutmrai pouch: A diverriculum o f the eustach ian rubes of 
the horse. 

H&E: Hematoxylin and eosin. 
H band: A pa le zone, devoid of actin fi laments, located at 

the center of an A band of a sarcomere. 
Hair bulb: The expanded base of a hair follicle. 
Hair follicle: A derivative of the epidermis from which one 

. or more hairs grow. 
Hair matrix: That portion o f a hair bulb where cell division 

occurs giving rise to a hai r shaft 
Hard keratin: A tough form of keratin found in hair and 

na il s, am ong other places; conm ins more disu lfide 
bonds and cystine than soft kerati n. 

Harderian gland: A large tubular gland that lies on the dor
sal posterior surface of the eye. 

Hassall's corpuscle: Aci dophilic, concentric a rrangements 
of reticu lar cells fo und in the medulla of the thymus of 
ma mma ls. 

Haversian canal: T he canal in the center of a haversian sys
tem; contains blood vessels and nerves. 

Haversian system (osteon): Collectively, concentrically at
ranged bony lame llae, osteocytes, and a haversia n canal 
and its contents. 

Head of the epididymi s: The initia l portion of the epi
didymis. 

Hclicine artery: A tortu ous vessel th at supplies blood to the 
cavernous spaces of the penis. 

Helicotrema: A tiny opening a t the apex of the cochlear 
canal of the inner ear connecting thc cavity of the sca la 
vestibuli with the cavity of the sca la tympa ni. 

Hemal node: A nod ular structure found along blood ves-

scls in ruminants; conrains blood-filled si nuses between 
cellular cords. 

Hematoma: Blood tha t has escaped from a blood vessel(s) 
with in a tissue o r organ. 

Hemolymph node: A nod ular structure, contai ning lym
phatic vessels, whose sin uses receive a mixture of blood 
and lymph. 

Henle's loop: The V-shaped portion of a nephron located 
between its proxima l and distal convoluted tubules. 

Hepatocyte: A liver cell. 
Hepatoid gland: The nonsebaceous portion of the circum

anal glands of the dog. Its cells resem ble hepatocytcs, 
hence the name hepatoid. 

Herbst corpuscle: A tactile, encapsu lated nerve ending of 
the skin of birds resembling the pacinian co rpuscle but 
smaller. 

Herring body: A ncu rosecretion fou nd within the axons of 
unmyelinated neurosecretory cells of the hypothalamo
hypoph yseal tract. 

Heterochromatic: The appearance of the nucleus of a fixed 
and stained cell whose chromatin is tightly coiled. Such 
chromati n stains readily, resu lting in a gra iny nucleus. 

Heterophil: The most abu nda nt of the granulocytes of the 
chicken . Its specific gran ules arc spind le-shaped and 
sometimes possess a distinct, ru by-red, spheric granule 
centrally. 

Hi lus: An invaginated region of the margin of an organ 
where blood vessels enter and leave. 

Hilus cell: A group of epithelioid cells tha t may be found 
close to the rete ova ri i near the hilus of the ovary in some 
mammals. 

Histiocyte: A synonym for macrophage. 
Holocrine secretion: A mode of secretion where disinre

grated secretory ce lls and thei r product a rc released 
from a gland. 

Hoof: The kerati nized, epidermal, digita l outgrowth of an 
ungulate . 

Horn: A kerati nized, epidermal outgrowdl, with a bony 
core, o f the head of some mammals. 

Horn tubu le (tubu lar horn ): A taper ing, keratinized, epi
dermal structure of rhe equi ne hoof that extends toward 
the su rface from a dermal papilla. 

Hyali ne cartilage: The most common fo rm of ca rtilage 
whose matrix has the appearance of ground glass in the 
fresh sta te. 

Hypothalamohypophyseal tract: Collectively, the axons of 
neurosecretory cells within thc infundibular stal k and 
infundibular process of the pituitary gland. 

I band: That portion of adjacent sarcomeres lying to either 
side of the Z -line of an unconrracted myofibril. The I 
band conta ins actin myofilaments excl usively. 

Immature bone: A highly cell ular form of bone that be
comes replaced by mature bone during development. 

Incus: The ossicle of the middle ear located between the 
mall eus <l nd stapes. 

Indcciduate placenta: A placenta whose endometri um and 
chorioallantoic membrane a re in contact but do not 
fuse, seen in the mare, rumina nts, and the sow. 

Infundibu lar cavity: An extension of the third ventricle into 
the in fundibular stalk of th e pituita ry and, in some ani
mals, into the infundibular process. 
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Infundibular stalk: That portion of the neurohypophysis 
between the median eminence and the infundibular pro
cess. 

Infundibulum: A ventral outpocketing of the diencephalon 
that develops into the neurohypophysis of the pituitary 
gland. Also, that part of the oviduct having a funnel 
shape and lying closest to the ovary. 

Inner limiting membrane: The parr of the phoTOsensitive 
retina of the eye abutting the vitreous body. 

Inner nuclear layer: The part of the photosensitive retina of 
the eye lying benveen the outer and inner plexiform lay
ers. 

Inner plexiform layer: The part of the photosensitive retina 
of the eye lying benveen the inner nuclear and ganglion 
cclllayer. 

Inner root sheath : That portion of a hair follicle lying be
tween the hair and the external root sheath. 

Inner tunnel: A large cavity lying within the organ of Corti 
of the inner ear. 

Intercalated disc: A cell-surface modification found at both 
ends of cardiac muscle cells that is responsible for cell 
to-cell adhesion and physiologic exchanges. 

Intercalated duct: That part of the duct system of many 
glands tha t connects directl y to the secretory unit. 

Intermediate cell : An epithelial cell of th e vagina with 
round corners, but larger than a para basal cell, that oc
curs during the estrous cycle. 

Internal ear: That part of the ear comprised of the semicir
cular ducts in scmicircular canals, saccule and utricle in 
the vestibul e, and the cochlea. 

Internal elastic membrane: A sheetlike elastic membrane 
forming the outer boundary of the tunica intima of 
many a rtenes . 

Interstitial cell (Leydig cell ): A cell that produces testos
terone and is found in the connective tissue between 
seminiferous tubu les of the testes. 

Interstitial gland cells: Epithelioid cells, arranged as cords, 
in the stroma of the ovaries of bitches and queens but 
not ordinarily found in othet domestic mammals. 

interstitial system: A remnant of a preexisting haversian 
system of bone. 

lnterterritorial matrix: The matrix of hyaline cartilage sur
rou nding the territoria l matrix and possessing lesser 
concentrations of glycosaminoglycans than territorial 
matnx. 

Intertubular horn: The keratinized epidermis of the hoof 
that surrounds the tubular horn . 

Intralobular: That which is located within a lobule of a 
gland. 

Intralobular duer: A duct located within the lobule of a 
gland. 

Intramembranous bone: Bone that develops directly within 
or under a membrane of connective tissue. 

Iris: The pigmented portion of the uvea surrounding the 
pupil of the eye. 

Islet of Langerhans: A multicellu lar, endocrine structure 
embedded within the exocrine pancreas that produces 
insulin, glucagon, pancreatic polypeptide hormone, and 
somatostatin. 

Isthmus (of the oviduct): The section of the oviduct at
tached to the uterus. 
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Isthmus (of the uropygial gland): The part of the drainage 
system of the uropygial gland located between the pri
mary duct and the nipple. 

Juxtaglomerular apparatus: A trinity of cellular structures 
associa ted with a nephron and consisting of the macula 
densa, juxtaglomerular cells, and mcsangial cells. 

Juxtaglomerular cell : A modified cell (smooth muscle ) of 
an afferent arteriole of the kidney. 

Keratinized: A structure whose cells have become filled 
wi th the protein keratin. 

Kerarinoid: A tough proteinaceous substance lining the giz
zard of the chicken . 

Keratohyalin granules: Vesicles found within the cells of 
the stratum granulosum of the epidermis whose con
tents will form the amorphous portion of keratin . 

Kohler illumination: Bright, even illumination required for 
optimal light microscopy and achieved by adjusting the 
light source in a prescribed manner 

Krause's gland: An accessor~' lacri rna I gland that ma y be ei
ther serous or mixed . 

Kupffcr cell : A macrophage located within the blood vas' 
cular system of the liver. 

I.s.: Longitudinal section. 
Labia: Lips. 
Labial gland: Mixed glands found within the lips of the 

mouth . 
Labyrinth: A complica ted structural arrangement. 
Lacrimal gland: The tear gland. 
Lacuna: A sma ll cavity or space. 
Lagena: A terminal expansion of the cochlear duct of the 

inner car of birds. 
Lamella: A layer of material, e.g., of bon e. 
Lamina cribrosa: T he sievelike part of the sclera that parti

tions groups ofaxons of the optic nerve. 
Lamina propria: The loose connective ti ssue beneath the 

epithelium of a mucous membrane. 
Lamina subglandularis: A thick sheet of collagenous fibers 

(stratum compactum ) and the accompanying layer of fi
broblasts (stratum granulosum) between the base of the 
glands and the lllLlscularis mucosae of the stomach of 
the cat and sometimes the dog. The lamina may also oc
cur in rhe small intestine of carnivores. 

Laminar region: T he part of the wall of the hoof that is 
composed of numerous plates (laminae) that function to 
suspend the third phalanx from the hoof. 

Layer of rods and cones: [n the retina of the eye, the layer 
comprised of the dendrites of the photoreceptor cells. 

Lens: A biconvex, transparent structure comprised of lens 
fibers, positioned between the iris and the vitrcous body. 

Lens body: The part of the eye of the chicken, exclusive of 
the ann ular pad, whose lens fibers are oriemed parallel 
to the optical axis of the eye. 

Lens epithelium: The layer of simple cuboidal epithelium 
on the amerior surface (iris side) of the lens. 

. Lens fibers: Transparent, elongated, prismatic cells forming 
the bulk of the substance of the lens of the eye. 

Leukocyte: A white blood cell, either granulocyte or agran
ulocyte. 

Light cell: Any cell, among comrasting dark cells, with pale 
cytoplasm; found in such places as the epithelium of the 



gall bladder or rhe tegmentum vasculosum of the inner 
ear of the chicken, among other places. 

Light zone (of the glandular stomach) : The initial portion 
of the fundic gland region of the stomach of a ca rni vore; 
com pared with the da rk zone of the fundic gland region, 
it is shorter and its mucosa is thinner. 

Limbus: The boundary line oc r-ween the cornea and sclera. 
Lobule: The subdivision of a lobe of an organ such as a 

gland or rhe lung. 
Loop of Henle: The U-shaped portion of a nephron joining 

a proximal and distal convoluted tLlbule. 
Loose (areolar) connective tissue: A type of connecrive tis

sue proper whose fibers are in the form of a noncom
pacted, open meshwork . 

Luteal cells (interstitial cells): The lutein cells of the corpus 
lureum of the mammalian ova ry, or the pale intersti tial 
cells within the theca extcrna surrounding the oocyte of 
an ovarian follicle of the chicken. 

Lymph node: A Iympharic organ having both afferent and 
efferent lymphatic vessels. 

Lymphatic nodule: A temporary, spherical, or oval struc
ture, consist ing o f nu merous lymphocytes, found 
wi thin va rious Iymph:ltic o rga ns; Illay also be found 
anywhere within the loose connective tissue of the 
body. 

Lymphocyte: An agranulocyte with scant cytoplasm and, 
typica lly, a large, round, or broadly ova l nucleus. 

Macrophage: A phagocytic cell, derived from a monocyte, 
and widely distributed in tissues and organs throughout 
the body. 

Macula (of the car): A patch of sensory and supporting 
. cells fou nd with ill the saccu lus (saccu le) and utriculus 
(utricle) of the inner ear. 

Macula densa: A p;'tr( of rhe juxtaglomeru lar apparatus of 
a nephron and formed from cl osely packed epithelial 
ce lls of a portion of the wall of the dista l convoluted 
tubule. 

Magnum: T he part of the chicken's oviduct whose gland 
cells produce the albumi n of the egg. 

Malleus: T he midd le ear ossicle in wnwcr wirh the tym
panic membrane. 

Mammary gland: The mi lk -prod ucing orga n of the mam
malia n female. 

Marginal zone: Splenic tissue located between the white 
and red pulp. 

Mast cell: A large, granular, ubiquitous cell of the conncc
rive tissue tha t produces histamine. 

Mature bone: Bone with an acidophilic matrix and fewer 
osreocytes than the immature bone it replaces during de
velopment. 

Median eminence: Th e region of the floor of the dien
cephalon of the brai n from which the in fundibular stalk 

• of the pituitary arises. 
Medulla: T he inner region of an organ such as the medulla 

of the kidney, ovary or lymph node. 
Medullary cone: The cone-sha ped mcdu llary portion of the 

chicken's kidney that con tains segments of uriniferous 
tu bules . 

Medullary cord: One of many interconnected segments of 
diffuse connective tissue, su rrounded by medullary si
nuses, within the medulla of a lymph node. 

Medullary nephron: The la rger of two for ms of nephrons 
of the chicken's kidney having the characteristics of the 
mammal ian nephron. 

Medullary sinuses: The lymph-fill ed Spaces surrounding 
the medullary cords of a lymph node. 

Megakaryocyte: An extraordina ri ly large cell of the bone 
marrow that produces blood platelets by a buddi ng pro
cess and releases them direcdy into the sinusoids of the 
marrow. 

Meissner's plexus: As seen in histologic section, a spind le
shaped collection of parasympathetic neurons and their 
processes found withi n the submucosa of the digestive 
tract. 

Melanocyte: A la rge, branched cell that produces 
melanosomes (tiny vesicles containing pigment). 

Membrana granulosa: The cells that line the antrum of a 
mammalian ovarian follicle. 

Membranous labyrinth: The hollow, soft-tissue structures 
of the inner ear, i. e. , cochlear duct, utriculus, sacculus, 
and semici rcula r ducts . 

Merkel 's cell: A cell of the epidermis o f the skin that has 
contact with tacti le nerve endings. 

Merocrine gland: An cxocrine gland whose secretory cells 
release droplets of secretion by exocytosis. 

Mesangial cells: Phagocytic cells found within the renal 
glomeru lus. 

Mesenchyme: Embryonal connecti ve tissuc tha t consists of 
stella te mesenchyme cells and ground substance. 

Mesobronchus: The intrapulmonary, primary bronch us of 
thc chicken's lung. 

Mesometrium: The mesentery supporting the uterus fro m 
the abdominal wa ll . 

Mesosalpinx: Thc mesentery supporting the oviduct from 
the abdominal wa ll. 

Mesothel ium: Thc mesodermally derived, simple squa
mous epithelium, covering the sur face of mesenteries 
and organs that protrude into coelomic cavities of the 
body. 

Metachromsia: The circumstance in which a cell or tissue 
component acqui rcs a color d ifferent from the dye solu
tion with which it is stai ned . 

Metamyelocyte: A developing granulocytc that possesses 
an indented nucleus and specific granu les. 

Metestrus: T hat part of the eStrouS cycle between estrus 
and diestrus. The development of {he corpus luteulll oc
curs during metestrus. 

Microplacentomc: A placental struCtu re of the mare con
sisting of a small tuft of chorionic villi and a crypt of the 
endometrium into which it is inserted. 

Middle car: A subd ivision of the car comprised of three 
small ossicles (ma lleus, incus, and sta pes) or of a col
umella. 

Mixed gland: An exocrine gland whose secretory units con
sist of either mucous or serous cells or of a combination 
of these cells. Or, a gland with both endocrine and ex
ocn ne components. 

Modiolus: T he pillarlike bone in the center of the cochlea. 
Monocyte: A large, agranular leukocyte with an oval, in 

dented or horseshoe-shaped nucleus and pale, blue-gray, 
often vacuola ted, cytoplasm. 

Mucosa: In the digestive tract, the mucous membrane com-
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prised of an epi thelium, lam ina propria, and muscu laris 
m ucosae (latter is lacking in the mouth, pharynx, and 
portions of the esophagus). In o ther o rgan systems, the 
epithelium lining the organ together with the underlying 
lamina propria constitutes the mucosa. 

M ucous aci nus: The bulb i ike sec retory unit of a gla nd 
whose cells secrete mucus . 

M ucous connecti ve tissue: A form of embryonal connective 
t issue consisting of amo rphous groun d substance, 
loosely arra nged collagenous fibers, and fibroblast s. 

M ucous membrane: A synonym fo r m ucosa . 
Mucous neck cell: A cell of the neck region of a gastric 

gland that prod uces m ucus. 
Multilaminar primary follicle: A preanrral ovarian fo llicle 

wh ose oocyte is surrou nded by several laye rs of fo ll icle 
cells. 

M ultilocular adipose cell: An adipocyre whose lipid con
tent is located with in nume rous, small ves icles . 

Multinucleate giant cell: A large, phagocytic cell with many 
nuclei; formed by the coalescence of macrophagcs. 

M ultipolar neuron: A nerve cell having numerous dendrites 
and a single axon. 

Muscularis externa: The outermost layers of muscle in t he 
wa ll of the digesti ve tract; may be smooth muscle, skele
tal mu scle, or both. 

Muscularis mucosae: T he layer (5) of smooth muscle below 
the la mina propria of the mucosa of the digestive tract. 

M yelin sheath: A der ivative of the cell membrane of a 
Schwann cell o r of a oligodendrocyte; the sheath is ar
ranged in concentric layers around axoDS. 

Myeloblast: An early stage in the development of a graml
locyte of the bone marrow. 

Myelocyte: T he developmental stage of a granulocyte fo l
lowing the promyelocyte stage. 

Myocardium: The middle, muscul ar tunic of the heart wall . 
Myoepithelial cell: An epithelia l cell with contractile prop

erties, as found on the surface of many glandula r secre
tory uni ts; a lso, one of the many contractile cells form
ing the iridial d ilator of the eye. 

Myofibril: One of many contracti le units, for med from lin
early joined sarcomeres, as in skeletal and ca rdiac mus
cle cells. 

Myoid cell: A contractile cell, such as fo und at the surface 
of a semini ferous tubule. 

Myometrium: T he layers of smooth m uscle external to the 
endomecrium of the uterus. 

Nasal cavity: One of a pai r of bilaterally arranged chambers 
located between the external nares and nasopharynx. 

N asolabi al gland: An exocrine gland of the subcuti s of the 
pla num nasola biale of ruminants . 

N asopharynx: T hat portion of the pharynx between the in
ternal nares and the oropharynx. 

Necrotic: Pertaining to dead cell s or tissue. 
Nephron: The portion of a uriniferous tubule before the 

co!lecting tubule; includes the renal corpuscle, proxjmal 
convoluted tub ul e, loop of H enle, and the dis ta l convo
luted tubule. 

Nerve fiber layer (of the retina): The portion of the reti na 
between the ganglion cell layer and the inner limiting 
membrane; consists of axons of ganglion cdls. 
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Neurilemma: The covering (sheath), formed from Schwann 
cells or oligodendrocytes, of a nerve cell's process. The 
neurilemma may or may not include a myelin component. 

Neuroglia: Su pportive cells of the central nervous srstem; 
considered to be abo ut tell times more numerous than 
neurons. 

Neurohypoph ysis: T he portion of the pituitary gland that 
is derived from the infundi bulu m; consists of the median 
eminence, infu ndibular sta lk, and infundibula r process 
(pars nervosa) . 

Neuromuscular spindle: A fusiform-shaped proprioceptive 
StfllCmre within the 5keletalmusculature. 

Neutrophil: A polymorphonuclear granul ocyte with fine 
specifi c gran ules . 

N ictitating membrane: T he third eyelid fo und in some ani
mals. 

N issl granule: T he rough endoplasmic reticulum of a neu
ron. 

Nonglandu lar stomach: The part of the stomach lacking 
glandula r elements. 

Nonsinusal spleen: A type of spleen having poorly devel
oped sinu ses or no sinuses, as found in the cat, horse, 
pig, and rum inants. 

N uclear bag fiber: An intrafusal fiber (modified skeletal 
muscle cell) of a neuromuscular spindle, characterized 
by the presence of many closely packed nuclei. 

N ucleolus: A small round or ova l st fllcturc, within the nu
cleus of a cell, where ribonucleoprotein is synthesized. 

Odontoblasts: Cells on the surface of dental papillae that 
produce uncalcified dentin (predentin). 

Olfactory epithelium: The pseudostratified columnar ep
ithelium of the nasal cavity that is comprised of sensory 
cells, supporting cells, and basal cells. 

Omasum: The third subdivision of the ruminant forestom
ach . 

O ptic di sc: T he portion of the eye w here the axons of the 
nerve fibe r layer of the retina converge to form the optic 
nerve . T here a re no light sens itive cells present in the 
disc, hence the name blind spot. 

O ptic nerve: The second cran ial nerve. 
Ora ciliaris retinae: The poi nt of transition from the pho

tosensitive to the nonphotOsensitive part of the retina. 
Organ of Corti: The part of the inner ear that is sensitive to 

sound. 
Oropharynx: The portion of the pharynx t hat is located be

hind the mouth . 
Orthochromatophilic erythroblast: In the erythroid line, 

the smallest nucleated cell . 
Os penis: A bone within the glans of the penis of carni

vores. 
Osseous spiral lamina: A spiral shelf of bone around the 

modiolu s of the cochlea. 
O steoblast: A cell that synthesizes and secretes bone ma-

• tTlX. 
Osteoclast: A mult in ucleate giant cell t hat resorbs bone 

matTlx. 
O steocyte: A mature bone cell. 
O steoid: Uncalcified bone matrix. 
Otolith: A tiny structure with a prismatic shape found em

bedded in the gelatinous coveting (otolithic membrane) 
of a macula of the utricle and saccule of the inner ear. 



Otol ithic membrane: The gelarinous covering of a macula 
of the utricle and saccule of the inner car. 

Ourer enam el epith elium: A layer of cell s abutting (exter
nally) the stellate reticulum of a developing fetal tooth. 

O uter limiting membrane: The retina l layer fo rmed from 
the plasma mem branes of M uller cells and located be
tween the layer of rods and cones and the outer nuclear 
layer. 

Outer nuclear layer: The retinal layer cons isting of the nu
clei of the rod and cone cells. 

Outer plexiform layer: The retinal layer composed of neu
ronal fibers and located between the ourer nuclear layer 
an d the inner plexiform layer. 

O uter root sheat h (external root sheath) : T he layer of cells 
in t he wa ll of a ha ir follicle between the in ner roOt 
shea th and the connective tissue sheath. 

Ovarian follicle: T he cellular unit surrounding ,Ill oocyte in 
the ova ry. 

Oviduct: T he tu bula r organ that receives an oocyte from 
the ovary and conveys it, after fert ilization, to the exte
rior (birds) or to the uterus (mammals, except prororhe
ria ns) fo r implantation. 

Oxyphil: A parenchymal cell of the para thyroid gland. 
Pn cinian corpuscle: An encapsulated nerve ending that re

sponds to heavy pressure as opposed to light touch. 
Palpebral conjunctiva: The mucous membrane lining the 

eyelid. 
Paneth cell: A secretory cell whose acidophilic granules 

contai n lysozyme; fo und in the intestinal glands of some 
mammals. , 

Papillary duct: A large uri nary duct that opens to the re ll al 
pelvis from the t ip of a renal papilla of the kidney. 

Papilla ry layer: T he upper layer of the dermis with finger 
like extensions (called dermal papillae) into (he epider
mis of thick skin . 

P.lrahasal cell: A sloughed, small , round vagina l epitheli al 
cell, found in vaginal smears taken from an an imal in 
anestrus. 

Parahronchus (tertiary bronchus): An intrapulmonary 
branch of a secondary bronch us of the chicken lung. 

Parafollicular cell (e cell ): A large, pale cell found between 
epi thelia l cells of thyroid follicles and also between fol
licles; prod uces the hormone ca lcitonin whose action 
lowers blood calcium level . 

Parenchyma cells: T he cells responsible fo r the special func
tion o f an orga n as opposed to t he orga n's stroma 
(framework of connective tiss ue) . 

Pnrietal cell: A large acidophilic cell of the fu ndic and py
loric gland regions of the stomach that produces hy
drochloric acid . 

Par.> ciliaris retinae: The bilayered, nonphorosensitive por
tion of the retina associated with the ciliary body and lo
ca ted between the ora cilia ris retinae and the pars iridica 
tetmae. 

Pars convoluta (cortical labyrinth ): T hat part of the renal 
cortex that coorains rena l corpuscles and convoluted 
tubules, and is located between medullary rays. 

Pars dissemi nata: The sca ttered portions of the prostate 
gland. 

Pars distalis: Derived from Rathke's pouch and the la rgest 

component of the pituita ry gland . Alone or with the pars 
tuberalis, called the aorerior lobe of the pituitary. 

Pars interm edia: That part of the pitu itary gland locared 
between the pars disralis and pars nervosa . A deriva tive 
of Rathke's pouch. 

Pars ir idica retinae: T hat part of t he non photosensi tive 
retina located on the side of the iris faci ng the lens. 

Pars nervosa : The major part of the neu rohypophysis and 
a derivative of the hypotha lamus; with the pars interme
dia , for ms the posterior lobe of the pitu itary. 

Pars radiata (medullary or cortical rays): The pa rt of the re
nal cortex al ternating with the pars convoluta and con
sisting of collecting t ubules and the straight portions of 
nephrons. 

Pars tu bcral is: T he part of the pituitary gland thm for ms a 
colla r a round the infu ndibula r sta lk; derived from 
Rathke's pouch. 

Pecten : A thin, vascular, pleated membrane that protrudes 
from the ventral su rface of the ch icken's eye into the cav
ity of the vi treous body. 

Pcctinate ligamcnt (uveal meshwork ): A loose network of 
clastic fibers, coveted by squamous cells, that spans the 
fi ltration angle of the eye. 

Penicillus: Term applied to the pulp arteries of the spleen 
and their branches because, collecti vely, they resemble 
the bristles of an arrist 's brush. 

Penis, body of: Shaft of the introminenr organ of the male. 
Penis, glans o f: The expanded terminal end of the penis. 
Periarterial lymphatic sheath : The white pulp of the spleen. 
Pericardium: The visceral and parietal serosa of the peri-

cardial cavity. 
Perichondriu m: The chondrogenic, dense irregular connec

tive tissue covering of hya line or elastic cartilage. 
Perilymph: T he flu id found in the bon y labyrinth of the in

ner ea r surrounding the membranous labyrinth. 
Perimetrium: The serosa of the uteru s. 
Perimysium: The connect ive tissue surrounding a fascicle of 

muscle cells. 
Perineurium: T he connective tissue surrounding a bundle 

of nerve cel l fibers (axons, dendrites, or both). 
Periople: T he proximal bo rder of the horse's hoof. 
Periosteum: The osteogenic, dense irregular connective tis

sue that covers portions o f many bones. 
Peritoneum: T he serosa lining a coelom ic cavity. 
Perivitelline membran e: T he membra ne abutting the cell 

membrane of the oocyte of a chicken's ovarian fo1l icle. 
Pessulus: A small bone supporting t he syrinx of a chicken. 
Peyer's patch: An aggrega tion of lymphatic tissue (nodu lar 

and diffuse) in the lamina propria and submucosa of the 
small intestine, especially the ileum. 

Photosensitive retina: The portion of the reti na contai ning 
light sensitive rod an d cone cells. 

Pia mater: The delicate, well vascula rized meninx in con
tact with the su rface of the brain. 

PigmeIH epithelium: T he pigmented layer of cells forming 
the outermost boundary of the retina . 

Pineal gland: A dorsal evagination from the roof of the di
encephalon of the brain. 

PinealocYlcS: T he epithelioid, acidophil ic, pa renchyma l 
cells of the pineal gla nd. 
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Pi nna (auricle): The sou nd-collecting auricular appendage 
of the head. 

Pituicytcs: Neuroglial cells located among the neurona l 
fibers of the pars nervosa of the pituitary gland. 

Placen ta: A nutritive organ, deri\'ed in pa rt fro m both the 
endometrium and the chorion . 

Placentome: A structu re fo rmed from a cOfyledon (clump 
of chorionic vill i) and caru ncle (elevation of the en
dometri um) of a cotyledonary placenta . 

Planum: The fl at surface of skin located between the exter
nal narcs. 

Plasma: The acell ular fl uid portion of ci rculating blood. 
Plasma cel\; A derivative of the I~ cell that synthesizes im

munoglobul ins. 
Platelet: A fragment of membrane-bound cytoplasm, de

rived by budding from a mega karyocyte, with an im
portant role in blood clotting. 

Plcxus: A loca li zed network of any of the fo llowing: neu
rons a nd their processes, blood vessels, or lymphatic ves
sels . 

Plica: A fold. 
Podocytc: A highly br:lnched cell whose processes interdig

irate with t hose of o ther podocytes to form the glomeru
lar epithel ium of the Bowmnn's ca psule of the kidney. 

Polychromatophil ic erythroblast: An erythroblast of 
medium size with cytoplasm exhibiting both basophilic 
and acidophilic a reas. 

Polymorphonuclear leukocyte: A granulocyte with a seg
mented nucleus. 

Ponal tract (a rea): An aggregation of blood vessels (and 
sometimes lymphatic vessels) and a bile ductu le within 
the interlobular connective tissue of the liver. 

Postcapi ll ary venule: A ven ule, of the deep conex of a 
lymph node, whose endothelial cells are cuboidal. 

Poster ior cha mber (of the eye): The cavit y, contai ni ng 
aqueous humor, that is located between the iris and the 
lens . 

Posterior epi thelium (of the cornea): The simple cuboidal 
or squa mous ep itheliu m covering the side of the cornea 
in contact with the aqueous humor. 

Preantral fo llicle: A growing ova rian follicle that has not 
yet formed an antrum. 

Preden tin: Uncalcified dentin. 
Prepuce: The foreskin of the penis. 
Prima ry bronch us: A large bronchus branching directly 

from the trachea. 
Primary follicle: An ovarian fo llicle whose oocyte is sur

rounded by a single layer of cuboidal cells. The term is 
also used, by some authors, for a mult ila minar follicle. 

Pri mary ha ir: A la rge ha ir shah produced by a compound 
folli cle. 

Primary spermatocyte: A diploid cell fo rmed by differenti
a tion from a spermarogoniu m. 

Pri mordial follicle: T he earl iest, smallest, and most numer
ous of ovaria n follicles; consists of an oocyte surrounded 
by a layer of flat follicle cells. 

Principal cell (chief cel l): A parenchymal cell of rhe pa rathy
roid gland . T he l1allle is also used fo r the small, ba
sophilic cell of the glandula r stomach that secretes 
pepSinogen. 

Proctodeum: That part of the chicken's cloaca that joins 
the Inrge intestine. 
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Proerythrocyte (rubriblasr): A large, round cell of the ery
throid line with basophilic cytoplasm and a large round 
nucleus. 

Proestrus: The firs t stage of the eSlrOUS cycle; characterized 
by growth of the endometrium. 

Promyelocyte: An early granulocyte, recognized by a large 
nucleus wi th nucleoli and 3Zurophil ic cytoplasmic gran
ules. 

Prosta te gland: An accessory ma le reprod uctive gland 
whose secretion cont ributes to the seminal flu id at ejac
ulation. 

Proventricu lus: T he gla ndular ponion of the stomach of 
the ch icken . 

Proximal convoluted tubule: The long, highly convoluted 
tubule of a nephron that arises from a renal corpuscle 
and whose cells have a distinctive brush border. 

Pseudostratified epitheli um: An epithelium that appears to 
be strlltified but is not. All of its cells arc in contact with 
th e basemenr membmne. Its stratified appearance is the 
result of irs cells being of different heights and their nu
clei being locllted at different levels. 

Pul p artery: An <lr tery within the red pulp of the spleen that 
arises from th e centra l arrery of the periarterial lym
pha tic shetl th 

Pupil: The opening in the center of the iris. 
Purkin je cell: A large, modi fied cardiac muscle cell that 

forms a part of the heart's conduction system. The word 
also identifies the la rge multi polar nerve cells presenl in 
the cerebel lum at t he junction of the granular and 
molecular layers. 

Pyknotic cell: A cell with a sh runken, basophilic nucleus or 
a cell that has become reduced in size. 

Pyloric gland region: The termi nal glandular region of the 
stomach, characterized by deep gastric pits and mucous 
glands with some parieral cells. 

Pyramidal cell : A nerve ceJl having rhc shape of a pyramid, 
as fo und in the cerebral cortex . 

Rachis: The pan of the central shaft of a co ntour feather 
bearing the vanes. 

Rathke's pouch: An ecrodermal diverticulum from the roof 
of the oral ctlvity of <ln em bryo . 

Red pu lp: T he porti on of the parenchyma of the spleen 
other than the white pu lp; characterized by the abun
dance of eryth rocytes . 

Renal corpuscle: A com ponent of the nephron consisting of 
Bowman's ca psule and the glomerulus. 

Renal cortex: The outer part of the kidney, identified by the 
presence of numerolls renal corpuscles. 

Renal medulla: T he region of the kidney internal to the cor· 
tex and dominated by loops of Henle, collecting tubulC5, 
and vasa rcctae. 

Renal papilla: T he rip of a renal pyramid. 
Renal pelvis: T he expanded end of the ureter located within 

the hilus of the kidney. 
Respira tory bronchiole: A bronchiole with scattered a lveoli 

w ithi n its wal ls and positioned between a terminal bron
chiole and an alveolar duct. 

Rete ovarii: Channel s, lined by cuboidal cells, located 
with in the medulla of the ovaries of ca rnivores and ru· 
mm antS. 

Rele testis: A network of channels located within the loose 
connective tissue of the mediastinum testis. 



Rcticulnr fiber: A thin, argyrophilic, collagenous fiber 
Reticula r layer (of demlis): The dense irregular connective 

tissue layer of the dermis. 
Reticular structure: A diffuse form of Hassall's corpuscle in 

the thymus of the chicken, consisting o f an irregular 
mass of reticular cells, includ ing degenera ting ones, in 
the medulb of lobules. 

Reticula r tissue: A specia l fo rm of connective tissue proper 
consisting of a feltwork of reticular fibers fu nctioning as 
a supportive framework fo r cel ls of the parenchyma. 
Among other locations, it is well represented in the liver, 
spk'Cn, and bone marrow. 

Reticu locyte: A newly produced erythrocyte. 
Retina (photosensitive): The part of the retinal tun ic of the 

eye containi ng light sensi ti ve rod and cone cel ls. 
Retinal tu nic: T he innermost layer of the wall of the eye, 

consisting of the photosensitive retina, the pars ciliaris 
retinae, and the pars iridica retinae. 

Rom<lnovsky Slain: A compound dye substance used fo r 
stai ning th e variolls diffe rent cells of the blood and bone 
marrow. 

Roulc<lUx: An a rra ngement of erythrocytes, in a smear 
prcp,lfation , resembling a stack of discs or coi ns. 

Rumen: T he largest subd ivision of the forestomach of ru
mmants. 

Sacculus (s<lccule): A parr of the mem branous labyrinth 
within the vestibule of the inner ear; contai ns a macula 
whose sensory cells, when stimulated, make an animal 
aware of the position of its head in space and the sensa
tions of linear acceleration and decelera tion. 

Sarcolemma: T he plasmalemma (cell mem brane) of a mus
d e cel l. 

Sarcomere: T he unit of contraction of a skeletal or cardiac 
muscle myofibril; every sa rcomere of a myofibri l is 10-
cared lx·tween ad j<lcent Z lines. 

Sarcoplasm: The cytoplasm of a muscle cd l. 
Satellite cell: A neuroglia cell in close proxi mity to the cell 

body of a neuron . Also, a cell with mcsenchymal prop
erti es foun d imimately associated with skeleta l muscle 
cells. 

Scala tympani: A cha mber of rhe inner eM, fill ed with per
ilymph, and lying be low the floor of the cochl ear duct. 

Scala vestibu li : A chamber of rhe inner ear, filled with per
ilymph and lying above the roof (vesti bular membrane) 
of the cochlea r duct. 

Schiff's reagent: A colorless fuchsin sulfu rous acid (leuco
fuchsin) sol ution. Leucofuchsin is used in rhe Periodic 
Acid-Schiff (PAS) reaction for demonstrati ng the pres
ence of complex carbohydrates, e.g., glycogen, starch, 
cellulose, and proteoglycans, among others. 

Schwann cell: A cell of the peripheral nervous system 
cl ose ly associated with neurona l processes and responsi
ble for for ming rhe neuri lelllma. 

Sclera: A part of rhe outcrmost tunic of the eye, consisting 
of dense irregular connecti ve tissue. 

Scleral cartilage: A cup-shaped laycr of cartilage within the 
sclera of the eye of the chicken. 

Scleral ossicle: A plate o f bone, located anrerior to the scle
ra l cartilage, w ithin the sclera of the eye of rhe chicken. 

Scleral trabecular meshwork: A webwork o f elastic and 
collagenou s fibers, within rhe fi ltration angle of the eye 
of the chicken, whose spaces are continuous with the 

spaces of Fontana of rhe uveal meshwork (pectinate lig
ament). 

Scleral venous plexus: A system of channel s that drain ex
cess aq ueous humor away fro m the eye. 

Sebaceous gland: A holocrine gland of the skin [ha( pro
duces an oily secretion. 

Sebaceous zone: T he sebaceous region of t he uro pygial 
gland of the chicken. 

Secondary follicle: An ovarian fo llicle of the mammal with 
a C-sh aped antrum 

Secondary spermatocyte: T he stage of spermatogenesis be
tween primary sperma tocyte and carly spermatid. 

Secretory duct: See stria ted duct. 
Semicircul<lr can<ll: T he tubula r channel o f the inner ear 

within the temporal bone that contains a semicircular 
duct. 

Seminal vesicle: An accessory reproductive gland that con
tributes to the seminal fluid at ejaculation. 

Seminiferous tubul e: A highly convoluted tu bule within the 
testis where spermatogenesis occurs . 

Sensory cdl: A neuron that conveys sensory informa tion to 
the central nervous system. 

Sensory hair cells (car): Cells, with stereocilia on th eir api
cal surfaces that, when sti mulated, will initiate an im
pulse to the brai n fo r interpretation; found in the organ 
of Corti, sacculus, utricle, and crista ampullaris. 

Serosa: T he lining mem brane of the coelom in all its subdi
visions; consists of a mesothelium and layer of underly-.. • !Tlg connective tlssuc. 

Serous demilune: A crescent-sha ped cap, as seen in histo
logic section, of scrous cells on the surface of a muco us 
aC!TlllS. 

Scrous membrane: A synonym for serosa. 
Senoli cell: A la rge, multi functional cell, fo rming parr of 

the epithelium of the wall of a seminifcrous rubll1e. 
Serum: The aceHular flu id pa rt of blood obtai ned fo llowing 

coagulation. 
Sex cord: A convoluted cord of cells, within the testis of an 

embryo or young animal, whose cells wi ll differentia te 
into stem cells. 

Sharpey's fibm:: Collagenous fibers that anchor the perios
tcum to bone or a tend on to bone. 

Sheathed artery: A vessel of the w hite pulp of the spleen of 
the chicken that is surrounded by a ring of reticular cells. 

Shell gland: T hat po rtion o f rh e oviduct of the chicken 
whose secretion prod uces rhe egg shell; the shell gland is 
a lso called the utcrus. 

Simple epi thelium: An epithel ium consi sting of a si ngle 
layer of cells, a ll of which arc attached to thc basement 
membrane. 

Sinus hair: A tactile hair, limited to the facia l region, thar 
originates from a highly innervated follicle containing a 
large blood-filled sinus. 

Sinusal spleen: A spleen whose red pulp is characterized by 
numerous, blood-filled si nuses. 

Sinusoid: A th in-walled blood vessel with the cha racteris
tics of a capillary bur having a larger and more irregular 
diameter. 

Small artery: Arbitrarily, an a rtery with up to 8 or 9 layers 
of smooth muscle cells in the ru nica med ia . The smallest 
of the small arteries is ca lled an arteriole. 

Smegma: The soft, cheesy dcposi t of desqllllmated epithe-
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lia1 cells and glandular secretions fo und on the glans and 
prepuce of the penis; it is a lso found in the urethra l 
pouch of the stallion. 

Smudged cell: A ruptured, or o therwise disrorted, leuko
cyte fou nd in a blood or bone marrow smear. 

Soft keratin: A form of keratin, fo und in such places as the 
stratum corneum, that ha s fewer disulfide bonds and 
less cystine than hard keratin . 

Spaces of Fontana: Cavities filled with aqueous humor 
within the trabecular meshworks of the eye. 

Specific granules: Granules within the cytoplasm of a gran
ulocyte that characterize the cell, e.g., eosinophilic gran
ules of an eosinophil. 

Sperm-host gland: Tubula r gla nds of the vagina of the 
ovid uct of the chicken that serve as storage depots for 
deposited sperm. 

Spermatid: The haploid cell following the secondary sper
matocyte during spermatOgenesis. 

Spermatogenic cell : Any precurso r of a spermatozoon 
fou nd within the seminiferous epithelium. 

Spermatogonium: The most imm ature spermatogenic cell 
o f the seminiferous epi thel ium 

Sphi ncter (iris ): The circumferentia lly a rra nged smooth 
muscle of the iris that enables pupillary constr iction. 

Spicule: A small, frequently irregu la rly-shaped, piece of 
bone. 

Spiral ganglion: The auditory gangl ion associated with the 
modiolus of rhe cochlea. 

Spiral ligament: A thickening of the periosrea llining of the 
cochlea r canal. 

Spiral1imbus: An elevation of connective tissue resting on 
the osseous spira l la mina of the cochlea . 

Spiral tunnel: The space below the tectorial membrane of 
the inner ear. 

Spleen: A major lymphatic and blood-filteri ng organ. 
Spongy bone (cancellous bone): An :uchitectural form of 

bone consisting of a three dimensional meshwork of 
bony tralx.'culae contai ning numerous marrow spaces. 

Stapes: The middle ea r ossicle atta ched to the oval window 
in the perrOllS portion of the tempora l bone. 

Stellate reticulum: A portion of rhe enamel organ of a de
veloping tooth characterized by sm r-shaped cells. 

Stereocil ia: Long microvilli found on rhe apices of certain 
cells, e.g., on [he epithelial cells lining portions of the 
duct of the epididymis and on the sensory hair cells of 
the inner ear. 

Stra ight tubule: A tubule that connects a sem iniferous 
tubule w ith the rete testis. 

Stmtified epi th el ium: An epithel iu m consisting of two or 
more layers of cells with only the basal layer being in 
contact with the basement membrane. 

Stratum basale: The layer of cells in contact with rhe base
ment membrane of the ep idermis. 

Stratum cavcrnosum: The erecti le tissue of the pelvic ure
dna. 

Stratum compactum: A thick layer of collagenous fibers lo
cated between the base of the gla nds and the muscularis 
mucosae of the glandular stomach of the cat and some 
dogs. 

Stratum corneum: T he outermost, keratinized layer of the 
epidermis. 
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Stratum gcrminativum: The layers o f the epidermis below 
the stratum corneum of the chicken, i.e., the basal, in
termediate, and transitional la}'ers. In mammals, stra
tum germina tivum is a term sometimes employed to in
cl ude both the stratum basale and the stratum spinosum. 

Stmtum granulosum: The layer of cells below the stratum 
co rneum whose c}'toplasm contai ns keratohyal in gran
ules. 

Stratum intermediurn: T he layer of cells located between 
amelob lasts and the stellate reticu lum of a developing 
tooth. 

Stratum lucidum: T he layer of pa le epidermal cells located 
between the stratum corneum and stratum granu losulll 
of thick skin. 

Stra tum med ium: T he ma jor portion of the wall of the 
horse's hoof, consisting of tubular and intertubular horn 
that extends from [he coronary region to the surface of 
the grou nd. 

Stratum spinosum: The layer of t he cpidermis directly 
above the stratum basal e. It is characterized by cells 
whose membranes have sh runken in all places except 
where desmosomes occur, giving the cel ls the appear
ance of having spines. 

St ratum vasculare: The richly vascularized and well inner
vated layer wedged between the inner circular and outer 
longitudinal layers of the myometrium of the bicornuate 
uterus of domestic mamma ls. 

Stria vascularis: The stratified cuboidal epithelium of the 
side of the cochl ear duct that is attached to the spirallig
ament of the cochlear canal. Capi llaries occur among 
the superficial cuboidal ce ll s o f rhe stria . 

Striated border: The border of apical microvilli of intestinal 
ep ithelial cells as seen in profile view. 

Striated duct: An in tra lobula r d uct of a sa li va ry gland 
whose epithelia l cells have vertical stripes (invaginations 
of the plasma membrane) along thei r basal ends. 

Stroma (corneal): The predom inant layer of the cornea; 
also called the substanti a propria. It consists of lamellae 
of collagenous fibers oriented parallel ro the corneal sur
face. 

Suba rach noid space: A space, fi lled with cerebrospinal 
fluid , located between the arachnoid layer and pia mater 
of the brain and spinal cord . 

Subcapsular si nus : The space, filled with lymph, beneath 
the capsule of a lymph node. 

Su bcutis (subcutaneous connective tissue): The layer of 
loose connective tissue deep to the skin. 

Submucosa: T he layer of connective tissue beneath a mu
cous membrane. 

Sulcus (chicken proventriculus): A depression between 
folds of the mucosa of the proven tric ulus. 

Superficial cell: Similar in size and shape to a superficial in
termediate cell of a vaginal smear, but with a pyknotic 
nucleus, faded nucleus, or no nucleus. 

Superficial gland of the nictitating membrane: Depending 
on the type of animal, a scrous, mucous, or mixed gland 
su rround ing the base of the ca rtilage supporting the 
membrane. 

Superficial intermediate cell: A large, vaginal, epithelia l cell 
with angular edges and a round nucleus found in vagi
nal smea rs. 



Sweat gland: A tu bular, or saclike gland of the skin; may be 
either apocrine or merocrine. 

Syndesmochorial placcn ta: The type of placenta of ewes 
and nanny goa ts where five layers of tissue separate ma
ternal from fetal blood. 

Sy novial flui d: The dear, lubri cating fluid within the syn
ovia l cavity of a synovial jo int. 

Synt rophoblas t: The syncytial outer layer of the tro
phoblast. 

Syri nx: The voice box of the chicken, loca ted where the tra
chea bifurcates into two bronchi. 

Taenia ced: Flat bands of smooth muscle and elastic fibers 
w ithin the cecum of horses and pigs . 

Taeni a coli: Flat bands of smooth muscle and elastic fibers 
with in the colon of horses and pigs. 

Ta il of the epididym is: The end of the epid idymis that joins 
with [he vas deferens. 

Tapetum lucidum: A fi brous or cellular reflective layer of 
the choroid coat of the eye. 

Tarsal glands: Large mu lti lobul a r sebaceous glands located 
within the tarsus (plate of dense connective tissue) of the 
palpebral conjunctiva . 

T ars us: A plate o f dense connective tissue within the eyelid. 
It is located between the dermis of the skin and the lam 
ina propria of the palpebral conjunctiva . 

T aste bud: A multicellular, barrel-shaped structure, con
sisti ng of sensory and supportive cells and loca ted 
within va rious PHfts of the epi thelium of the tongue. 

T aste pore: A tiny opening a t the ti p of a taste bud . 
T eat canal: A channel, lined by stratified sq uamous epithe

lium, that opens onto the tip of a teat. 
T eat sinus: A channel, lined by a bistratified epithelium, 

that opens into a teat ca nal. 
T ectorial membrane: A proteinaceous membra ne that 

overl ies and contacts the stereoci lia of the sensory cells 
of the organ of Corti of the inner ear. 

Tegmentum vascu losum: A vascularized membrane sepa
rating the cochlea r duct fro m the overlying scala 
vestibuli of the inner ea r of the chicken. 

T endon: A bundle or band of dense regu la r connective tis
sue connecting a muscle to a bone. 

T endon sheath: A layer of cells and fibers of connective tis
sue on the surface of a tendOTl. 

T erritoria l matrix: T he matri x, rich in sulfated gly
cosaminoglycans, immediately surrounding a chondro
cyte (s) of hyaline cartilage. 

T ert iary fo ll icle: The largc ovarian follicle just prior to ovu
la tion; also called a Graafian fo llicle. 

T heca externa: The outer (connective tissue) layer of the 
wal l of a mammalian ovarian fo llicle. 

Theca folliculi: A sheath of stromal cells, su rrounding a 
growing, mammalian ovari an fo llicle, that will differen 
tiate into a theca externa and theca interna. 

T heca interna: The inner cell ula r and well vascu la rized 
iarer of the wall of a ma mmali fl ll ovarian follicl e. 

T heca lutein cell: A small lu tein cell of a corpus luteum de
rived from a cell of rhe theca imerna . 

Thick skin: Hairless skin with an epidermis that is many 
cells thick, e.g., skin of a digita l pad or of the planum na
solabiale. 

T hi n skin: Skin with an epidermis that is only ,1 few cells 

thick; e.g., skin of the trunk or of the legs among other 
places. 

T hrom bocyte: A blood cell of the chicken with a role in 
blood clot for mation.: Also, incorrectly used as a syn
onym for a platelet of mammals . 

T hyroid follicle: A vesicle of the thyroid gland, formed of a 
simple epitheli um, that contains the storage form of thy
roxin called thyroglobulin. 

Tonsil: A lymphatic organ found below t he epitheli um in 
such places as the tongue and pharynx. 

Trabecula: A part of the framework of connective tissue of 
an organ or structure, e.g., a bundle of fibers of the 
splenic stroma or any of the irregu larly shaped pieces of 
bone that form part of th e three dimensional latticework 
of spongy bone. 

T ransitional epithelium: An epithelium, limited to the uri 
na ry system, whose appearance depends on the amount 
of fluid pressure applied against it. 

T rophoblast: T he mesectodermal la yer covering the blas
toc},st. 

Tubuloacinar gland: A gland whose secrerory units consist 
of tubu les and acini. 

T unica adventi tia: T he outermost layer of connective tissue 
of a blood vessel. 

T un ica albugi nia: A layer of dense connective tissue sur· 
rounding a structure, e.g., the layer beneath the germi· 
nal epithel ium of the ovary or the layer surrounding the 
testis . 

T unica intima: T he innermOSt runic of the wall of a blood 
vesseL 

T unica media: T he middle, muscl e layer of the wall of a 
blood vessel. 

T unica vagina li s: Th e serosa of t he testis and the epi
didp nis. 

Tympanic cavity: The cavity contai ning the middle ear 05-

sides; also cfl l1ed the cavity of the middle ear. 
Tympani c membrane (eardrum): The membrane between 

the external auditory meatus and the tympanic ca vity 
(cavity of th e middle ear). 

Type I cell (of the macula): A chalice-shaped sensory cell of 
the epithelium of the macula of a saccu lus 

Unipolar neuron: A nerve cell with two processes that arise 
from a single site on the su rface of the nerve cell. 

Ureter: The tu be extending from the renal pelvis to the uri 
nafY bladder. 

Urethra: The tube extending from the urinary bladder to 
the exterior. 

Urethral process: An extension of the urethra beyond the 
penis as in the stallion and ruminants. 

Urinary space! The cavity between the capsular epithelium 
and the glomerular epithelium of a renal corpuscle. 

Urodeum: The portion of the cloaca of a chicken into 
which urinary wastes are deposited . 

Uropygial gland (preen gland ): A holocrine gland that pro
duces an oily secretion and is located dorsal ly w ithin the 
base of the tail of the chicken. 

Uterine gland : A simple, tubular gland within the en
dometrium of the uterus. 

Utriculus: Function sa me as for sacculus. 
Uveal trabecula r meshwork: One of three meshworks of 

connective tissue, within t he fi ltration angle of the eye, 
whose cavities arc filled with aqueous humor. 
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Vacuolar ccll: A cell of the cortex of the chicken ovary con
taining numerous fat vacuoles and a pyknotic nucleus. 
Collections of these cells may represent the remnants of 
a postovulatory fo llicle. 

Vagi na (of the chicken ovid uct): The segment of the 
oviduct that opens into the urodcum of the cloaca. 

Vane (of a feather): The most prominent fea ture of a con
rour fea ther. It is formed of barbs tlnd interlocking bar
bui es positioned 011 opposite sides of the rachis. 

Vas deferens: The sperm duct that extends from the testis 
to the urethra. 

Vasa vasorum: 1~lood vessels within the wall of a blood ves
sel. 

Vasa recta: Strtlight, thin-walled, large d ia meter blood ves
sels located within the medulla o f the kid ney. 

Vascular tunic (uvea): The middle layer of the wall of the 
eye. 

Vascular layer (of choroid): T he portion of the choroid 
layer of the eye that contains numerOllS blood vessels. 

Ventra l root: The motor portion of tl spinal nerve that 
a ri ses from the ventrolateral part of the spinal cord. 

Venule: A sma ll, thin·walled vein . 
Vestibular membrane: A thin, epi thelial mem brane sepa

rating the cochlear duct from the scala vestibuli of the 
. 
Illner ear. 

Vestibule: An entrance chamber, e.g., of the nose, inner ear, 
or vulva . 

Villus: A fi nger-shaped process, e.g., intesti nal villus. 
Visceral pleura: The serous membrane covering the surface 

of the lung. 
Vocalligamenr: A band of elastic fibers enclosed in a fold 

of a mucous membrane. 
Volkmann cana l: In the diaphysis of a long bone, any trans

verse channel connecting nvo haversian ca nals or pierc
ing the shaft of the bone. 

Vu lva: The external genitalia of the fema le mammal; it in
cl udes the vestibule, labia, and clitoris. 

Wall (o f hoof): The pan of the hoof that is visible when the 
d igi t is on the ground. 

Waule: A fleshy appendage of the skin as in the throat re
gion of the neck of a chicken, goat, o r pig. 
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White linc: The junction, at the surface of the ground, of 
the wall and sale of the horse's hoof. 

White maner: The part of the brain o r spinal cord contain· 
ing numerous myelinated neuronal processes. 

White pulp: T he scattered but numerous concenrra tiolls of 
diffuse and nodu lar lymphatic tissue fou nd throughout 
the red pulp of the sp leen . 

x.s.: Cross section. 
Z band (line): The boundary between adjacent sarcomercs 

o f a myofibril; structurally, it represents the point at 
which the actin filaments of ad jacent sarcomeres arc in 
conracr with the Z filament. 

Zona fasciculara: The thickest porrion of the adrenal cor· 
rex; located between the zona glomeru losa or zona in
rermedia and the zona reticularis. 

Zona glomerulosa (zona multiformis): The outermost pot· 
tion of the adrena l correx. 

Zona intermedia: The portion of thc adrenal cortex located 
between the zona glomerulosa and the zona fascicul ata. 

Zona pellucida: An acidophilic membrane separating an 
oocyte from the cumulus oophorus. 

Zona reticu laris: The innermOSt portion of the adrenal cor
tex located benveen the zona fascicula ta and rhe adrenal 
medu lla. 

Zonary placenta: A placenta, fou nd in carnivores, that is 
wrapped around rhe chorionic sac in the manner of 3 

cummerbund. 
Zone of calcification: The portion of rhe epiphyseal disc 

where the cartilage matrix becomes infiltrated by cal· 
cium salts. 

Zone of hypertroph y: The portion of an epiphyseal disc 
where the chondrocytes become en larged. 

Zone of multiplication (prolifer<1tion): The portion of an 
epiphyseal disc where condrocytes are dupl icated. 

Zone o f ossi fication : The portion of an epiphysea l d isc 
where cartilage is being replaced by bone. 

Zone o f reserve carti lagc: The portion of an epiphyseal disc 
that is attached to the bone of the epiphysis. 

Zonular fibers: Collagenous suspensory fibers that extend 
from the capsule of the lens to the ciliary processes. 
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Page numbers in italics denote figures. 

A band, 41, 43 
A cell, 155, 156, 161 
Abdominal air sac, 189 
Abomasum, 120, 139-141 
Acidic (an ionic) stains, J 
Acidophil (alpha cell), 191,193,195,196,201 
Acinu s, 155, '156, 161,256 
Adenohypophysis, 191, 193 
Adipocyte (fat cell), 13, 17, 18 
Adipose t issue 

cardiov:lscular system, 61, 62, 64, 65, 66, 67 
connective tissue, J4, 18 
digestive system, 124,127,130,132,133, 1J9, 144, 14S, 

149 
ear, 263 
endocrine system , 197,202 
female reproductive system, 228 
integument, 97, 98,115, 116, li S 
lymphatic system, 78, 83 
male reproductive system, 21 S 
nervous system, 51 
respi ra tory system, 179, 180, 18 1 
urinary system, 166, 169 

Adrenal cortex, 192 
Adrenal gland, 192, 199,200 
Adrena l medulla, 192, / 99, 200,2 02 
Adventitia 

digestive system, 119, 132, 133, 154 
female reprod uctive system, 222-223, 237 
male reproductive system, 211 
tunica adventi t ia, 57, 60, 6.1, 62, 63, 65, 230 
urinary system, 164, 165,171 

Afferent arteriole, 168, 169 
Agranulocyte, 28 
Air capillary, ,] 77, 189 
Ai r sac, 177, 189 
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Air spnce, 113 
Air vesicle (atrium ), 177,188,189 
Albumen, 242 
Allanroic blood vessel, 232, 2JJ, 234, 235, 236 
Allantoic epithelium, 232 
Alpha cdl (acidophil), 191, 193, 195, 196,201 
Alveolar bone, 122, 123 
Alveolnr duct, 176, 183 
Alveolar sac, 176, 183 
Ah'eola r septum, 184 
Alveolar (type II) cell, 184 
Alveolus, 176, 182, 18J, 184,185 
Ameloblast, 123 
Amorphous ground substance, 13,14,15, 19 
Ampulla 

e:a f, 262, 265 
fema le reproductive system, 222, 228 
male reproductive system, 204, 211 

Anal canal, 120, 149, 151 
Anal gla nd, 120, 149, 150 
Anal sac, 120, 149, 150 
Anastomotic artery, 63, 155 
AnesTrus, 222, 223, 229, 237, 238 
Anionic (acidic) stains, 3 
Annu lar gland, 257 
Annulnr ligament, 264, 265 
Annular pad, 247 
Annular sinus, 99 
Anterior chamber, 245, 249,250,254,257 
Anterior epithel ium, 245 , 252 
Antrum, 221, 225, 226 
Aorta, 63, 64, 65 
Aortic body, 66, 67 
Apical cell, 243 
Apocrine tubular gland, 150 
Arachnoid layer, 47 



Areolar (loose) connective tissue 
defined, ]4, 15, 16, 17 
digestive system, 124 
eye, 259 
male reproductive system, 209, 210 

Argyrophilic fiber, 13 
Arre-ct()r pili muscle, 86, 94 
Arteriole 

cMd iovascular system, 57, 59,60,66,67 
connective tissue, 17 
digestive system, 134, 141 
lymphatic system, 70 
muscle, 42 

Arteriovenous anasromoses, 58, 63 
Arteriovenous shunt, 54 
Artery, 25, 57-58, 6 1,67,230 
Articular cartilage, 264 
Articulating surface, 26 
ArtifaCt (imperfections) 

crackling artifact, 8 
defined, 7, 8 
digestive system, 12J, 127, 143 
e-ndonine system, 198 
eye-, 252, 258, 259 
female- reproductive system, 235 
nervous system, 52, 55 
space artifact,.52, 55,123, 127, 198, 2J5, 252, 2S8, 259 

Arytenoid cartilage, 179, 180 
Astrocyte, 48 
Atresia, 222 
Arretic follicle, 223, 240 
Atria, 58 
Atrium, myocatdium, 65 
Atrium (ai r vesicle), 177, 188, 189 
Attachment epithelium, 123 
Auerbach's plexus, 51, 146 
Auricle (pinna), 261 
Axial hlood vessel, 112 
Axon, 45,52,53, 55 
Axon hillock, 50 
Awrophilic granule, 28,34, 38, 39 

Bcell, 155, 156, 161 
Band cell , 38, 39, 40 
Bar, hoof, 108,109 
Barb, 87,112 
Barb stem, 113 
Barbule, 87, 113 
Basa l cell 

digestive system, 158 
I!pithelium,10 
fema le reproductive system, 243 
integument, Ill, 118 
male reproductive system, 210, 21 1, 212 
pllTllbasal cell, 223, 238, 239 
respir:ltory system, 178,185, 186 

Basa l layer, 87,11 4 
Basa l striations, 128 
Basement (glassy) membrane, 9, /0,86, 101 
Basic (cationic) sta in, 3 
Basilar membrane, 262, 266, 267 
Basoph il (beta cell) 
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blood, 28, 29, 30, 3 1,32,36 
endocrine system, 191, 196, 201 

Basophilic hand cell, 40 
Basophilic erythroblast (prorubricyte), 37- 38, 39, 40 
Basophilic myelocyte, 39, 40 
Basophilic suhstances, 3 
Be-ak, 87, 11 S 
Beta cell (basophil ) 

blood, 28, 29, ]0, ] / ,32,36 
endocrine system, 19 1, 196,20 '1 

Bifurcation, 44 
Bile canaliculus, Ill, 152 
Bile duct, 152, 153 
Binocular microscope, 6 
Binucleate hepatocyte, /53 
Bistratified columnar epithelium, 104, lOS 
Bistratified cuboidal epithelium, 11, 104, lOS 
Bitch . See Dog 
Blood,27- 36 

agranulocr te,28 
azurophilic granule, 28, 34 
hasophil (beta cell), 28, 29, 30, 3 1,32, 36 
buffy coat, 31, 32, 34, 35 
central pallor, 27, 28 
chicken, 28-29, 35-36 
crenated erythrocyte, 27, 28 
eosinophil, 28, 29, 30, 31,32,33,34,35,36 
erythrocyte (red blood cell), 27-29, 30, 35, 36 
formed elements, 27 
granulocyte, 28, 35 
heterophil, 29, 35, .16 
leukocyte (white blood cell), 27, 28, 30 
lymphocyte, 28, 29, 30, 31,32,33, 34, .1S, 36 
mammals, 27-28, 30-35 
monocyte, 28, 29, 30, 3 1.32.33, 3S, 36 
neutrophil, 28, 30, 31,]2, 33,34,35 
plasma, 27,30 
platelet, 17,28,31,32,34 
polymorphonuclear leukocyte, 28 
Romanovsky (Wright 'S and Giemsa's) stains for, 3 
rou lea ux, 27, 28 
serum, 27 
sm udged cell, 30. 32, 36 
thrombocyte, 29, 35 
vacuole, 29, 35 

Blood vessel 
allantoic blood vessel, 232, 233, 234, 235, 236 
axia l blood vessel, 112 
digestive system, 123, 130, 13 I 
ear, 267 
endocrine system, 195 
e)'e, 253, 259 
fema le reproductive system, 2J I, 232 , 233, 234, 235, 236, 

243 
integum e- nt, 98, 104,105, 111, 112,115 
lymphatic system, 83 
maternal blood vessel, 233, 234, 235 
mesenteric blood vessel, 54 
nervous system, 46, 53, 54 

Boar. See Pig 
Body of penis (corpus penis), 205, 215, 21 6 
Body o f prostate gland, 204, 212 



Bone, 21-26 
artery, 25 
articulating surface, 2 6 
bone marrow, 22, 23, 24 
bone matrix, 2 1, 22. 23, 24, 26 
calcifi ed I;:art ilage, 22, 23, 24 
cana liculi, 2 1, 24 
ca rtilage, 26 
circumferential la mellae, 2 1,24 
collagen, 21 
com pact bone, 21, 24, 25 
distal interphalangeal joint, 26 
ear, 263 
endochondral (intracart ilaginous) bone, 21, 22, 24 
endosteum, 2 1, 25 
epiphYM:a l disc, 2 1, 22, 23 
extensor tendon, 26 
fibro us capsu le, 26 
haversian systems, 21, 24, 25 
hyaline cartilage, 21, 22 
hydroxyapatites,21 
immature bone, 21, 22 
integument , 115, " 7 
interst itial systems, 2 1, 24 
intramem hranous bone, 2 1 
joint cavity, 26 
lacuna, 24 
lamellae, 21, 24 
marrow cavi ty, 25 
mature bon e, 2 1, 22 
megakaryocyte, 25 
membrane bone, 22 
nerve, 25 
nervous system, 55 
osteoblast, 2 1, 22, 23, 24 
osteoclast, 2 1,22, 24 
osteocyte, 21 , 22, 23, 24, 25 
osteoid, 22 
1'3, 110,111 
periosteum o f femur, 25 
primary center of ossi fication, 22 
respirarory system, 178, 189 
Shar)N:y's fiber, 15, 26 
sinusoid,24 
skull, 46 
spongy bone, 21, 22, 23 
synovial fold, 16 
tendon, 25, 16 
vein, 25 
Volkmann's cana l, 24, 25 
zone of calci fi cation, 23, 24 
zone of hypertrophy, 23, 24 
lone of multiplication, 23, 24 
zone of ossi fica tion, 23, 24 
lone of reserve cartilage, 23 

BQnc marrow, 37-40 
awrophil ic granule, 31l, 39 
band cdl, 38, 39, 40 
basophilic band cell, 40 
basophilic erythroblast (prorubricytc), 37-38, 39, 40 
basophik myelocyte, 39, 40 

bone, 22, 23, 24 
chil;:ken, ]8, 40 
endothelial cell, 40 
eosinophil,40 
eosinophilic band cell, 39 
eosinophi lic myelocyte, 39 
erythroblast, 40 
erythrocyte, 39, 40 
granulocyte, 38 , 39 
hematOpoiet ic tissue, 37 
heterophil, 40 
mammals, 37-38, 39-40 
mega karyocyte, 31l, 39 
metamyelocyte, 38, 40 
mifOtic figure, 39 
myeloblast, 38 
myelocyre, 38, 39, 40 
neutrophil, 40 
neutrophil ic band cell, 39, 40 
neutrophilic metamyelocyte, 40 
orthochromatophilic erythroblast (normoblast, metarubri-

cyte), 38, 39, 40 
osteoblast, 38, 39 
osteoclast, ]8, 39 
plasma cell , 39 
pluripotent stem cell, 37 
polychromatophilic erythroblast (rubricyte), 38, 40 
proerythrocyte, 37 
promyelocyte, 38, 40 
reticulocyte, 38, 40 
Romanovsky (Wright's and Giemsa's) stains for, 3 
smudged cell, 39 
vascular sinusoid, 37, 38 

Bone matrix, 21, 22, 23,24,26 
Bony tracheal ring, 186, 187 
Bowman's capsule, 164 
Bowman's gland, 175, 178, 186 
Bowman's membrane, 245, 247, 258 
Brain sand, 48 
Bridge, 24 7, 259 
Bronchi, 175, 176- 177, 182, 184 
Bronchial cartilage, 188 
Bronchia l rings, 186, 187 
Bronchiole, 176, 182, 183, J 84 
Bruch's membrane, 246, 247 
Brucke's muscle, 24 7, 25 7 
Brunn ~r's gland, 120, '141 , 143,1 45 
Brush border, 163,1 68 
Buff)' coal, 31, 32, 34, 35 
Bulb, hoo f, 108, 109 
Bulbar conjunctiva, 247, 249, 2.10, 251, 252, 254 
Bulbourethral (Cowper's) gland, 204, 21 3 
Bursa of Fabricills, 71 , 84 

C (pa rafollicular) cen, 192, 197 
Calamus (quill), 87, 113,114 
Calcified cartilage, 12, 23, 24 
CA M (chorioa!lantoic membrane), 222, 232, 234, 235 
Canal of Hering, 121 
Canal of Schlemm, 248, 257 
Canaliculi, 21 , 24 
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Capillary 
air capilla ry, 177, 189 
ca rdiovascu lar system, 57, 59 
choriocapillary la yer, 246, 253, 254, 259 
digesti ve system, 134, 155, 161 
ear, 26 7 
eye, 254, 259 
integument, 98, 100 
lymphatic system, 70, 7 1, 77, 80, 84 
muscle, 42, 44 
nervous system, 48 
posrcapillary venule, 70, 77 
rcspi rarory system , 177, 189 
sheathed capilla ry, 70 
sinus ca pi llary, 114, 115 
urinary system, J 72 

Capillary layer, 7 1, 84 
Capsular (parietal) epithelium, 164, 167, 168 
Capsule 

bone, 26 
Bowman's, 164 
connective tissue (ca psule of), 11 7, 163 
digestive system, 120, 12 1, 15] 
endocri ne system, 199,200,201,202 
eye, 247, 250, 257 
fi brous capsule, 26 
lens ca psule, 250 
lymphatic system, 70, 74, 75, 76, 78, 79, 80, 81, 8] 
ma le reproductive system, 212 
nervous system, 54 
urinary system, 163, 164, 166, 167 

Capsule of Glisson, 120, 121 , J 53 
Cardiac gla nd, 136, 137, 139 
Cardiac gland region, 120, 136 
Cardiac muscle, 4 1, 44, 64 
Cardiac skeleron, 58 , 65, 66 
Cardiac sphinCter, 137 
Card iova scular system, 57-67 

adipose ti ssue, 61, 62, 64, 65, 66, 67 
anastomotic artery, 63 
aorta, 63, 64, 65 
aortic body, 66, 67 
arteriolc, 57, 59, 60, 66, 67 
arteriovenous anastomoses, 58 , 63 
artery, 57- 58 , 6 1, 67 
atria, 58 
atrium, myocardium, 65 
ca pillary, 57, 59 
cardiac muscle, 64 
cardiac skeleton, 58, 65, 66 
cecum, 67 
chondrocyte, 66 
collagenous fi ber, 64 
clast ic fiber, 61. 64 
endocardiu m, 58 , 64 
endothelial cell, 59, 60 
endothel iu m, 57, 67 
epicardi um, 58 
epithelioid cd l, 63 
erythrocyte, 59, 60, 6 1, 6 7 
external elastic membrane, 61, 62 
glomus, 63 
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hea rt, 58 
inrernal clastic membranc, 57, 60, 61, 62 
lymph node, 67 
lymphatic vessel, 58, 67 
macrophage, 59 
mast cell, 59 
mediu m artery, 57, 61, 62 
mediu m vein, 57, 61, 62 
mesenchyme-like tissue, 65 
myoca rdium, 58, 64, 66 
myo fib rils, 66 
nerve, 61, 62, 63, 66, 67 
neurons, 66 
pa ncreas, 61 
p3renchY!lla cell , 66 
pcric3rdia l cav ity, 66 
perica rdium , 58, 66 
pla sma, 59, 60, 67 
portal vein, 62 
pu lmonary artery, 63, 64, 65 
pu lmonic (semilunar) valves, 65 
Purkinje cell , 66 
renal artery, 62 
right auricle, 64 
skeletal muscle, 59, 60 
small artery, 57, 59,60,61 
small vein, 57, 59, 60 
smooth muscle, 59, 64 
squa mous cell , 57 
sweat gland, 60 
mnica adventitia, 57, 60, 61 ,62, 63, 65 
tunica inrima, 57, 61, 62, 63, 64, 65 
mnica media, 57, 61 , 62, 63, 64, 65 
Type J cell , 67 
Type J1 ceil , 67 
umbilical artery, 63 
uteri ne gla nd, 59 
va lves, 58, 60, 62, 65, 67 
vasa vasorum, 57, 64 
vein , 57, 6 1, 6 7 
vena ca va, 64 
venule, 57, 59, 60, 67 

Carpal gland , 101 
Cartilage, 19-20 

amorphous ground substance, 19 
bone, 26 
chondrocyte, 19,20 
collagenous fiber, 19,20 
elast ic ca rtilage, 19,20 
clastic fi ber, 20 
fib rocartilage, 19,20 
hyali ne ca rt ilage, 19, 20 
integument, 110 
interterritoria l matrix, 19, 20 
isogenous groups, 19 
lacuna, 19 
matr ix, 20 
perichondrium, 19, 20 
plate, 75 
proteoglycans, 19 
respi ra tory system, 178 
rcrritori3 1 malTix, 19, 20 



Ca n ilaginou s fra me, 267 
Cart ilagino us tracheal ring, 186, 187 
Caruncle, 222, 23 1 
Co< 

blood, 3D, 3 1 
bone, 22, 23, 24, 2.\ 
bone marrow, 39-40 
cardiovascular system, 60, 61, 62, 66 
conncctive tissue, 15" 
digesti ve system, 125, 127, 132, 138, 140, 141 , 143, 144, 

146,1 47, 149, ISO, 152 
endocrine system, 194, 199 
epithelium , 10, 11 
eye, 2.10, 252 
fem ale reproductive system, 225", 22 9, 23 7, 238 
integument, 88, 92, 94, 102, 103 
lymphatic system, 72, 73, 83 
male reprod uctive system, 214 
muscl e, 44 
nervous system, 48, 53, 54 
respiratory system, 180, 182, 183, 184, 185 
ur inary system, 167, 171 

Cationic (basic) sta in, 3 
Caudal la rynx [syr inx), 176, 187, 188 
Caudal region, pars distal is, 193, 200, 20 1 
Cavernous space 

fem ale reproduct ive system, 237 
male reprod uct ive system, 204, 213 , 214, 215, 216 

Cavernous vein , 178 
Cavi ty of air sac, 189 
Cavity of lens, 257 
Cavity of Rathke's pouch, 191 , 192, 194, 195 
Cavity of rena l pelvis, 169, 170 
Cavity of vit reous humor, 245, 257 
Cecal band, 12 1, 148 
Cecal tonsil, 83 
Cecu m, 67, 120, 147,148, 159 
Cellula r tapetum lucidum, 246 
Cementum, 123 
Ceruering slides, 3, 6 
Cent ra l a rrery, 79, 80 
Central canal, 49, 50, 5"4, 55 
Centra l lacteal, 142, 146 
Central layer, 118 
Centra l nervous system, 45 
Cemra l pa llo r, 27, 28 
Central vein 

digest ive system, 152, 153,1 6 "/ 
urina ry system, 164 

Centroacinar cell, 155, 1 S6 
Cephalic region, pa rs dista lis, 193, 200 
Cerebellum, 46, 48, 20 1 
Cerebral cortex, 46 
Cerebrospinal flu id, 4 7 
Cerum inous gla nd, 263 
Cervix, 222, 236 
Ch eek, 122 
Chestnut, 87,107 
Chicken 

blood, 2 8-29, 3S- 36 
bone, 24 

bone marrow, 38, 40 
cardiovascular system, 6 1, 67 
cartilage, 20 
connective tissue, 15 
digestive system, 12 1, 156-161 
ear, 262, 2 67 
endocrine system, 193, 200--202 
erythrocyte, average size, 7, 28 
eye, 24 7-248, 257-260 
female reproductive system, 223- 224, 239- 243 
integument, 87, 112-1 18 
lymphatic srstem, 70- 7 1, 83- 84 
male reproductive system, 205 , 2 17- 21 9 
nervous system, 54, 55 
respiratory system, 176-177, 185"-189 
urinary system, 164-1 65, 173- 174 

Chief cell 
digest ive system, 120, 137. 138, 139, 140, 158 
endocrine system, 192, ·' 98,202 

Chondrocyte, 19, 20, 66 
Chorioallanto ic connective tissue, 233 
Chorioall anto ic membrane (CAM), 222 , 232, 234, 235 
Chorioa llantoic vill us, 234, 235, 236 
Cho riocapillary layer, 246, 253, 254, 259 
Chorion laeve, 232, 234 
Choroid, 245, 246 , 247, 249, 252, 253, 259 
Choroid plexus, 48 
Chromaffi n cell, 200 
Chromaffin (medu llary) t issue, 193 
Chromophil, 19 1, 200 
Chromophobe, 19 1, 195, 196, 200 
Cilia 

endocrine system, 198 
fe male reproductive sys tem, 228, 231, 236 
male reproductive system, 218, 21 9 
nervous system, 50 
stereocilia, 210, 262 

Ciliary body, 245 , 246, 247, 250,257,258 
Ciliary muscle, 246, 249, 250 
Cilia ry process, 246, 249, 250, 25 1, 2S7 
Ciliated cell, 201 , 242 
Ci liated epithelium, 241 
Cilia ted pscudostrarified columnar epithelium, 10, 176, 

177 
Circula r muscle::, 229 
Circumanal gland, 120, 149, 150, 151 
Ci TCII III fen: nt ia I la mell ae, 2 1, 24 
Circumvallate papilla, 11 9, 126 
Classic lobule, 120 
Claw, 87, 106, 11 7 
Claw fold, 106 
Clear cell, 101 
Clearing specimens, 1, 2 
Clitoris, 223 
Cioaca, 12 1, 160, 164,165,205,240 
Cochlea, 266, 267 
Cochlear canal, 262 
Coch lear duct, 262, 266 
Cochlear nerve, 266, 267 
Collagen, 21 
Collagenous band, 104 
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Collogenous fiber 
(-ardiovo$cubr system, 64 
cartilage, 19, 20 
connective t issue, 13, 15, 16, 17 
integument, 97 
nervous system, 47 
trichrome (Mallory's and Mosson's) stains for, 3 

Collecring duct, 174, 260 
Collecting tubule, 163, 164-165,167,168,169,170,171, 

174 
Colloid, 197, 198,200 
Colon, 120 
Columella, 262 
Columnar cell, 237, 238 
Columnar epithelium 

bisrratified, 104, 105 
ciliated pseudostratified columnar epithelium, 10, 176, 177 
defined, 9,10 
digestive system, 136, 137, 139, 140, 146, 151, 160 
eye, 255 
fema le reproductive system, 222, 224, 228, 229, 241 
integllment, 104, 10:; 
male reproductive system, 204, 209, 214 
pseudosrratified columnar epithelium, 9, 10,175, 224,241 
respiratory system, 175, 176, 177, 182, 188 
simple columnar epithelium, 137, 139, 140, 151, 160 
stratified columnar epithelium, 11, 188, 214, 255 
urinary system, 163 

Comb, 87,114,115 
Common follicular opening, 94 
Compact bone, 2],24, 25 
Compound foll icle, 86 
Cones, 2:;3, 254, 259 
Conical papilla, 127, 13:; 
Conjunctiva, 247 
Connecting duct (excretory cana!), 205, 217, 219 
Connective tissue, 13- 18 , See also Blood; Bone; Canilage 

adipocyte, 13, 17, 18 
adipose tissue, 14, 18 
amorphous ground substance, 13, 14,15 
argyrophilic fiber , 13 
arteriole, 17 
collagenous fiber, 13, 15, 16, 17 
con neeti ve tissue proper ,I 4 
dense connective tissue, -14 
dense irregu lar connectivc tissue, ]4, .17 
dense regular connective tissuc, 14, 17 
ear, 265 
ebstic fiber, 13, 15, 18 
elastic tissue, 14,18 
embryonal connective tissue, 14 
eosinophil, 13, 15, 16, 17 
epithelium, 10, 15, 17 
erythrocyte in capillary, 15 
extracellu lar matrix, 13 
fibroblast, 13, 14 , 15, 16, 17, 18 
globular (globule) Ictlkocyte, 14, 16 
hematoxylin and eosin (H &E) stains, 13 
imegumem, 103 
loose (areolar) connective t issue, 14, 15, 16, 17, 124,209, 

210,259 
lymphatic system, 83 
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lymphocyte, 13, 16 
manophage, 13, 17 
male reproduct ive system, 214, 215 
mast cell , 13 , 15, 16 
mesenchyme tissue, [4, 15 
mucous connective tissue, [4, 1 S 
muscle, 42 
nelltrophil, 13, IS 
plasma cell, 13, 15, 16 
reticular fiber, 13, 18 
reticular tissuc, 14, 18 
Schiffs reagent, \3 
silver stains, 3, 13 
tendon and tendon sheath, 17, 18 
ur inary system, 167 
\Veigert's resorcin fuchs in, 13 

Connective tissue (band of), 134, 135 
Connective tissue (capsule 00,117,163 
Connective tiSSlle (coat of), lJO 
Connective [issue (core of), 126, 127 
Connective tissue (lamina of), 189 
Connective tiSSlle (papilla of), 122, 124, 125, 126, 133, 137 
Connective tissue (partition of), IS] 
Connective tissue (septum of), 155 
Connective tissue sheath, 96, 98, 99 
Connective tissue (trabecula of), 215 
Constrictor (sphincter) muscle, 246, 249, 251, 257, 258 
Contour feather, 87 
Coprodcull\,160 
Core, 55 
Cornea, 245-246, 247, 249, 250, 251, 252, 254, 257, 258 
Cornea l stroma, 252 
Corneosclend trabecular meshwork, 246, 250, 251 
Corneous cell, 112 
Corona, 69, 72 
Corona radiata, 222, 225 
Coromry region of hoof, lOll, 109, 110 
Corpora amylacea, 102, 103 
Corpora nigra (iris granule), 246 
Corpus albicans, 222, 226 
Corpus cavernosum, 205, 214, 215 
Corpus cavernoslllil clitoridis (erectile tissue), 223 
Corpus cavernOSllTll urethra (corpus spongiosull\), 204, 213, 

214 
Corpus lureUlll, 222, 225, 227 
Corpus nigrUln, 252 
Corpus penis (body of pen is), 205, 215, 216 
Corpus spongiosum (corpus cavernosum urethra), 204, 213, 

214 
Cortex 

hair, 86, 96, 98 
kidney, 163, 166, 168, 173, 174 
lymph node, 75, 76, 77 

Cortical cell, 202 
Cortical labyrinth (pars convoluta), 163,166 
Cortical nephrons, 164 
Cortical sinus, 74, 76 
Cortical stroma, 22] 
Cortical tissue, lymphatic system, 75 
Corric;!l tissue (interreml), 193 
Cotyledonary placenta, 222, 235, 236 
Covering membrane, 247, 259 



Coverslipping, 2, 3 
Cow 

blood,33 
cartilage, 20 
connective tissue, 15, 16, 17, 18 
digestive system, 124, 128, 134, 135, 140,145,148,156 
endocrine system, 198, 199, 200 
epithel ium, 10 
eye, 256 
female reproductive system, 226, 227, 228, 231, 235, 236 
integument, 90, 91, 99, 102, 103, 104, 105, 107 
lymphatic system, 74, 75, 76, 77, 80 
nervous system, 50, 54 
respiratOry system, 181, 182, 185 
urinary system, 170, 171, 172 

Cowper's gland (hulbourethral), 204, 213 
Crackling artifact, 8 
Crampton's muscle, 247, 2.57 
Craniallarvnx, 176 
Crenated erythrocyte, 27, 2S 
Crista ampullaris, 262, 265 
Crop, 157 
Crypt, 74, 234, 235, 236 
Crypt of Lieberkiihn 

digestive system, 120, 121, 141, 143, 144, 145, 146, 147, 
148,149,150,151,159,160 

lymphatic system, 83 
Cryptal epithelium, 236 
Cuboidal epithelium 

bistratified, 11, 104, 105 
defined, 9, 10 
female reproductive system, 221, 222, 229, 231, 235 
integument, J()4, 105 
male reproductive system, 204, 209 
respiratOry system, 177, 183 

Cumulus oophorus, 222, 225 
Cupula,265 
Cuticle, 86, 96 
Cyst, 198, 200 
Cystic duct, 155 
CytOplasmic process, 254 
CytOtrophoblast, 233 

Dark cell, 101, 154, 155, 198,267 
Dark principa l celi, 192 
Dark wne, 120, 138 
Dartos muscle, 97 
Deciduate, 222 
Deep cortex, 74 
Deep glandular layer, 232 
Dehydration, 1,2 
Dendrite, 46, SO 
Dense connective tissue, 14, 17 
Dental lamina, 122 
Dental pad, 124 
Dental papilla, 122, 123 
Dental pulp, 123 
Dental sac, 122, 123 
Dentin, 123 
Dentinocnamel junction, 123 
Dermal feather papilla, 85-86, 86, 87, 88, 90, 96, 107, 110, 

112,115 

Dermal lamina, 111 
Dermal papilla, 217 
Dermis 

eye, 260 
histology principles, 8 
integument, 85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 

98,101,105,106,107,112,113,114,115,116,117 
laminar dermis, 108, 110, 111 
male reproductive system, 214 
nervous system, 55 
perioplic dermis, 108, 110 

Descemet's membrane, 245, 247, 251, 252, 254, 258 
Diencephalon, 200 
Diestrus, 222, 223, 230, 239 
Diffuse lymphatic tissue 

eye, 255 
lymphatic system, 69, 72, 73, 74, 75, 76, 77, 78 
Diffuse placenta, 222, 234, 23.5 

Digestive system, 119-161 
A cell, 155, 156, 161 
abomasum, 120, 139-141 
acinar cell, 155 
acinus, 155, 156, 161 
adipose cell, 144 
adipose tissue, 124, 127, 130, 132, 133, 139, 148, 149 
adventitia, 119, 132, 133, 154 
alveolar bone, 122, 123 
ameloblast, 123 
anal canal, 120, 149, 151 
anal gland, PO, 149, 150 
ana ! sac, 120, 149, 150 
anastomotic artery, 155 
apocrine tubular gland, 150 
arteriole, 134, 141 
artifact, 143 
attachment epithelium, 123 
Auerbach's plexus, 146 
Bcell, 155, 156,161 
basal cell, iS8 
basal striations, 128 
bile canaliculus, 121, 152 
bile duct, 152, 153 
binucleate hepatocyte, 153 
blood vessel, 123, 130, 131 
BrUnner's gland, 120, 141, 143, 145 
canal of Hering, 121 
capillary, 134, 155, 161 
capsule of Glisson, 120, 121, 153 
cardiac gland, 136, 137, 139 
cardiac gland region, 120, 136 
cardiac sphincter, 137 
cecal band, 121, 148 
cecum, 120, 147, 148,159 
cementum, 123 
centra l lacteal, 142, 146 
central vein, 152, 153, 161 
centroacinar cell, 155, 156 
cheek, 122 
chicken, 121, 156-161 
chief cell, 120, 137, 1]8, 139, 140, 1S8 
circumanal gland, ]20, 149, 150, 151 
circumvallate papilla, 119, 126 
classic lobule, 120 
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Digestive system (Con tinued) 
cloaca, 121, 160 
colon, 120 
columnar epithelium, 136, 146 
conical papilla, 127, 135 
connective tissue (band of), 134,135 
connective tissue (coat of), 130 
connective tissue (core of), 126, 127 
connective tissue (papilla of), 122, 124, 125,126,133,137 
connective tissue (partit ion of), 153 
connective tissue (septum of), 155 
coprodeum, 160 
crop, 157 
crypt of Lieberkiihn, 120, 121, 141, 143 , 144, 145, 146, 

147, 148,149,150,151,159,160 
cystic duct, 155 
dark cell, 154, 155 
dark zone, 120, 138 
dental lamina, 122 
dental pad, 124 
dental papilla, 122, 123 
dental pulp, 123 
dental sac, 122, 123 
dentin, 123 
dentinoenamel junction, 123 
duct, 122, 126, 130, 131, 132, 143, 156 
duodenum, 120, 121, 141, 142, 143, 144, 145, 159 
elastic fiber, 131, 136 
enamel, 123 
enamel epithelium, 122, 123 
enamel space, 123 
eosinophil, 146, 147 
epidermis, 149 
epithelial cell, 139 
epithelium, 119, 123, 130, 146, 154 
erythrocyte, 161 
esophageal gland, 137 
esophagus, 119-1 20, 121, 131, 132, 133, 136,157 
external anal sphincter, 149, ISO 
fiber bundle, 123 
filiform papilla, 119, 125, 127 
foliate papilla, 119 
forestomach, 120 
fundic gland, 137, 138, 139 
fundic gland region, 120,136,137,138,139,140 
fungiform papilla, 119, 125 
gallbladder, 121, 154 
gastric furrow, 120, 141 
gastric gland, 158 
gastric pit (foveolae), 120, 137, 138, 139, 140, 141, 158 
gingiva, 123 
gland cell, 157, 158 
glands of the anal sac, 120 
glandular stomach, 120 
globular leukocyte, 140, 144, 146 
goblet cell, 120, 121, 130, 142, 143, 146, 147, 148, 151, 

153,154,155,156 
hair follicle, 122, 151 
hard palate, 124 
hepatic artery, 152 
hepatocyte, 120, 121, 152, 153, 161 
hepatoid gland, 120 
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Herbst corpuscle, 160 
horn tubule-l ike structure, 124 
hyal ine cartilage, 156 
ileum, 120, 121, 147, 159 
interC;Jlated duct, ]21, J28, 129, 130, 155, 156 
intercellular space, 157 
interlobular connective tissue, 127, 128, 129, 130 
interlobular duct,12!, 127, 130, 155 
intestinal absorptive cell, 142 
intestinal lumen, 146 
intestine, 121 
intralobular duct, 122, 127 
islet of Langerhans, 121, 15.1, 15f; 
jejunum, 120, 12 1, 146, 147 
keratinized cell, 134 
keratinized epidermis, 151 
keratinized epithelium, 15U 
keratinoid, 158 
Kupffer cell, l53 
labial gland, 122 
lamina propria, 119, 123, 124, 131, 132, 133, 134, 135, 

136,137,138,139,140,141,142,144,146, 147,148, 
149,151,154,157,158 

lamina subglandularis, 120, 138, 140 
large intestine, 120,! 21 , 159 
light cell, 1.54, ISS 
light zone, 120, 137 
lingual salivary gland, 126,127 
lip, 122 
liver, 120, 121, H2, 153, 154, 161 
lobule, 127, 152, 161 
loose connective tissue, 124 
lymphatic nodule, 137, 147, 148, 160 
lymphatic t issue, 159 
lymphatic vessel, 134, 136, 152 
lymphocyte, 140, 142, 144 
Iymphoglandu lar ridge, 160 
mammals, 11 9-121, 122-156 
margo plicatus, 137 
Meissner's plexus, 146 
mesothelium, 153 
mitotic figure, 147 
mixed gland, 120, 124, 130, 131, 132, 136 
mucosa, 119, 138, 139, 144, 145, 147, 148,149,150, 

154 
mucous acinus, 122, 128, 129, 130, 154 
mucous gland, 120, 124, 127, 131, 132, 133,144,157 
mucous neck cell, 138 
mucous precursor, 139, 14U 

muscle, 127 
muscle band, 148 
muscularis, 154, 155 
muscularis externa, 119, 131, 132, 133, 134, 135,136, 

138,139,140,141,143,144,145,146,147, 148,149, 
150, IS7, 158, 159 

muscularis mucosae, 119, 131, 132, 133, 135, 136, 137, 
138,139,140,141,143,145,146, 147,148,149,157, 
159 

nerve, 145 
odontoblast, 123 
omasum, 135, 136 
oropharynx, 119, 130, 131 



pacinian corpuscle, 121 
palatine bone, 114 
pancreas, 12 1,155,156, 16 1 
paneth cell, 144 
papi lla, 119, 136 
pa rietal cell, 120, 137, 138, 139, '140 
parotid ghHld, 117, 128 
periodonta l ligament, 123 
Peyer's patch, 120 
pl ica (fol ds), 157 
pore, 157 
portal trac t (arca), 120, 153 
portal vein, 151, 153 
precenrrum, 113 
predentin, 113 
primary duct, 157 
proctodeum, 160 
proventriculus, 121, 157, 158 
pyloric gland, 140, 142 
py loric gland region, PO, 140, 14 '/ 
rectoanal junction, 149, 150, 15 1 
rectum, 120, 149 
reticular fibe r, 16 1 
reticulum, 134, 135 
rumen, 134 
salivary gland, 121, 156 
sebaceous gland, 122, 150, 151 
seconda ry duct, 157, 158 
secretory unit, 128, 143,144,145 
sensory ceil, 12S 
serosa, 119,133,138,140, 143,145,147, 148, 152,157, 

'159 
serous acinus, 122, 128, 129, 154 
scrous demilune, 122, 128, 129, J 30 
serous gla nd, 127, 144 
simplecolumnarcpithc1ium, /37, 139, 140,151,160 
sinusoid, 120, 152, 153, 161 
skeletal muscle, 122, 125, 127.130, 132, 133, 151, 160 
small artery, 148 
small intestine, 120 
smooth muscle, 133, 138, J 60 
so ft palate, 124 
space artifact, 123, 127 
spine, '/25 
spiral colon, 149 
stellate reticu lu m, 122, 123 
stomach, 121, 134 
st ratified squamous epitheli um, 119, 122, 124, 126, 127, 

130,13 /,132, 133,134,135,136, 137,150,151,156, 
157, 160 

stratum basale, 124 
stra tum compactum, 120, 138, 141 , 146 
stratum co rneu m, 124 
Stratu m gra nulosum , 120, 122, 138, '/4'/ , 15 1 
stra tum inrermedium, 123 
stratum spinosum, 124, 125 
striated border, 120, 142, 144, 148, 149, 154 
striated duct, 128, 129, ' 30 
sublingual gland, 130 
submandibular gland, 128, 129 
submucosa, 119, 120,124,13 1,132, /33, 134, 135, 137, 

138, 139,140,141, 143, 144, 145,146,147, 148.149, 
157, 158, 159 

sulcus, 121, 157 
supporti ng cell, 125 
surface epithelium, 158 
surface mucous cell, 138, 140, 142 
taenia ceci, 120 
taenia coli, 120, 148, 149 
taste buds, 11 9, 121, 125,126,156,157 
tertiary duct, 1S7, 1S8 
tongue, 119, 156 
[oath, 122, 123 
Tubular gland, 120, 160 
tubular mucous unit, 129 
urodeum, 160 
vein, 136, 148 
ventriculus (ginard), 121, 158 
villus, 120,121,141,143, 144, 146, 147, 159, 160 

Digita! cush ion, 9 1, 92 
Digital pad, 86, 87, 91, 92,106, 'j 16 
Di latOr,249 . 
Dilator mu~ cl e , 257, 258 
Diplokaryocyte,236 
Disseminate ponion (pars disseminata), prostate, 204, 212, 

2JJ 
Distal convoluted cell, 164 
Dis ta l convoluted tubule, 163, 167, 168, 173, 174 
Distal interphalangeal joint, 26 
Dislal phala nx, 106 
Dog 

blood,30 
bone, 22, 24, 25 
cardiova sctdar system, 59, 60, 62, 64, 65, 66 
carti la ge, 20 
connective tissue, 15, 18 
digestive syStem, 122, 123, 124, 128, '129, 130, 131, 132, 

136,137, 138, 140, 141, 142, 143, 146, 147, 148, 149, 
150,151,154,155 

ear, 263, 264, 265, 266 
endocrine system, 195, 197, 198, 199 
epithelium, 10, 11 
erythrocyte, average size, 7, 27 
eye, 249, 250, 2S1, 252, 253, 254, 255 
fema le reproductive system, 225, 226, 22 7, 229, 230, 232, 

233,234, 236, 237,238,239 
integument, 88, 91, 93 , 98, 99, 100, 103, 106 
lymphatic system, 73, 74, 75, 77, 78, 79,81,82 
male reproductive system, 207, 2ID, 212, 213 
muscle, 43 
nervous system, 46, 48. 50, 51 
respi ratory system, 178. 179, 181, 184 
sepa ration (space) art ifact, 8 
stain precipitate, 8 
urinary system, 166, 167, 169 

Dorsal plate, 117 
Dorsal root ganglion, 50, 5 J, 55 
Down feat her, 87 
Drying specimen on warmer, 2, 3 
Duct 

a lveolar, 176, 183 
bile, 152, 153 
cochlea, 262, 266 
cochlear duct, 262, 166 
collecting duct, 174, 260 
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Duct (Colltil/I/cd) 
connecti ng duct (cxcrewry cana l), 205, 217. 2 19 
cystic duct, 155 
digestives),stem, )12,126,130.131.132,143, 1S6 
ear, 263 
ejaculatory duct, "05 
of epididymis, 104, 205, 209, 219 
cye, 25,) 
fc male reproductive srstem, 237, 238, 243 
inrercalated duct, 121, 128, 129,130, 'ISS, 156, 179 
interlobular duct, 102, 12 1, 127, 130, 155 
inrralobula r duct, 91,102, 122, 127,256 
male reproducti \'e system, 212, 213 
papillary duct, 163, 169, 170, 171 
pcrilobula r collecting duct, 165 
primary duct, 87,118,157 
respiratory system, 179 
seco nda ry duct, 157, 158 
semicircular duct, 262, 267 
stria ted duct, 128, 129, 130, 179 
of sweat gland, 90, 91, 92, 98, 100,101 
tertiary duct, 757, 158 

DucTUS deferem (vas deferens), 204, 205, 210, 211, 2 19 
Duodenum, 120, PI, 14 1, 142, 143, 144, 145, 159 
Du ra mater, 46 

Ear, 261-267 
~dipose tissue, 263 
ampu lb, 262, 265 
annu la r ligamenr, 264, 26.1 
art icular ca rtilage, 264 
basibr membrane, 262, 266, 267 
blood vessel, 267 
bone, 263 
capillary, 267 
cartilaginous fra me, 267 
ceruminous gland, 263 
chicken, 262, 267 
cochlea, 266, 267 
eoch le(\( cana l, 262 
cochlea r dun, 262, 266 
cochlear nerve, 266, 267 
columella, 262 
connective tissue, 265 
crista ampullaris, 262, 265 
cupula, 265 
dark cell, 267 
duct, 263 
elastic cartilage, 263 
elastic fiber, 264 
endolymph,262 
endolymphntic spacc, 267 
epidermis, 263 
externa l nuditory mcatu s, 26 1, 262, 263, 264 
external ear, 26 1 
facial nerve, 164 
foorplare, stapes, 164 
gelatinous cupula, 262 
guttura l pouch, 265 
hair cell, 267 
hair follicle, 263 
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helicotrema, 262 
homogeneous cell , 267 
incus, 261, 264 
inner tunnel, 166 
internal ear, 16 1, 262 
lagena, 262 
lenticular process, 264 
liga ment, 264 
light cd l, 267 
maculae, 262 , 265 
malleus, 26 1,264 
ma mmals, 261 -262, 263-266 
membranous labyrilllh, 262 
middle car, 26 1, 262 
middle-ear ossicles, 261 
mixed gland, 265 
modiolus, 262, 266 
organ of Cort i, 162, 266, 267 
osseous spira l lamin a, 262, 266 
ossicles,261 
otolith (otoconia, statoconia), 262, 265 
otoli thic membrane, 265 
perilymph, 262 
perilymphmic space, 267 
pigmenr granule, 263 
pinna (au ricle), 261 
psc:udosrratified epithelium, 265 
raphe, 267 
sacculus, 262, 264, 265 
scala m~dia, 267 
scn la tympan i, 262 , 266, 267 
sca la vestibul i, 262, 266, 267 
sebaceous gland, 263 
semicircular canal, 262, 267 
semicircular duct, 262, 267 
sensory cell, 265 
sensor)' hair cell, 262 
spi ral ganglion, 266 
spirall iga mcnt, 262, 266 
spiral limbus, 262, 266 
spiral tunnel, 266 
stnpes, 261, 264, 265 
stere(x:ilia,262 
stria vascularis, 262, 266 
supporting cell, 262, 265, 267 
synovial cavit}', 264 
tectorial membrane, 262, 266, 267 
tegmentum, 262 
tegmentum vasculosum, 262, 267 
temporal bone, 264, 265, 266 
tubu lar ceru minous gland, 26 1 
tympanic caviTY, 261, 263, 264 
ty mpanic membrane, 26 1,262,263,264 
Type I cell, 265 
utr iculus, 262, 264 
vestibular (ReiSS l1cr's) membrane, 26",266 
vestibule, 261, 264 

Efferent arteriole, 169 
Efferent ducrule, 204, 205, 208, 209, 217, 218, 21 9 
Ejaculatory duct, 205 
Elastic band, IS2, 184 



Elastic ca rt ilage, 19,20. 98. 176, J 79, 2S4. 263 
Elastic fiber 

ca rdiovascular sysrem, 61, 64 
cartilage, 20 
conneCTive tissue, 13, 15. 18 
digest ive sysTem, 13 1, 136 
ear, 264 
eye, 250, 258 
integument, 97, 104 
lymphatic system, 80, 8 1 
male reproducTive system, 215, 216 
resorcin fuchsin (O rcein and Weigert's) sta ins for, 3 
respi raTory system, 180, 18 1, 183, 188 

Elastic tendon, 114 
Elastic tissue, 14, I 8 
Ellipsoid, 70, 79. 80 
Embryonal connective Tisslle, 14. See also Connective tissue 
Enamel epithelium , '122, 12] 
Enamel space, 123 
Endoc:lrd ium, 58, 64 
Endochondral (intraca rtilaginous) bone, 21, 22 , 24 
Endocrine sySTem, 19 1-202 . See also Digestive system; Fe-

male reproductive system; Male rep roductive system 
acidophil (a lpha cell), 19 1, 193, 195, / 96,201 
adenohypophysis, 19 1, 193 
adipose tissue, 197, 202 
adrenal cortex, 192 
adrenal gland, 192, 199,200 
adrenal medulla, 192, 199,200, 202 
basophil (beta cell), 191, 196, 201 
blood vessel, 195 
capsule, 199. 200, 20 1. 202 
caudal region, pars disTal.s, 193, 200.201 
cavity of Rathke's pouch, 191, 192, 194, 195 
cephalic region, pa rs distaJis, 193,200 
cerebellum, 20 1 
chicken, 193,200-202 
chief cell, 192, J 98,202 
chrOn1:1ffin cell , 200 
chromophil , 19'1,200 
chromophohe, 191 , 195, 196, 200 
cilia, 198 
ciliated cell , 20 1 
colloid, 197, 198,200 
cortical cell , 202 
cortical (interrenal) tissue, 193 
cyst, 198,200 
dark cell, 198 
dark principal cell , 192 
diencephalon, 200 
ependymal cell, 194 
epithel ioid cell, 199 
erythrocyte, 198 
fibe r of neu roglia l cell , 197 
follicle, 192, 194,195, 197, 198,202 
gangl ion, 199,200,202 
granulocyte, 201 
Herring body, 192 
hypo physeal cavi ty, 192 
hypothalamus, 192 
infu ndibular cavity, 192, 194, 195, 196, 200 
infundibubr stalk, 192, 193, 194. 196,200,201 

light cell, 192, / 98 
mammals, 19 1- 192, / 94-200 
median eminence (ventral boundary of third ventricle), 

192, 193,194 
medu llary (chromaffin) t issue, 193 
mucous cell, 20 I 
neurohypophysis, 191, 192, 193 
oxyphi lic cell, 192 
parafoll icular (C) cell, 192, 197 
paraThyroid gla nd, 192, 193, 197, 198 
parenchyma cell, 19 1, 192, 193 
pars disTa lis, 191, 193, 194, 195, 196, 200,201 
pars inrermedia, 191-192, 194, 195 
pars nervosa, 192, 194, 195, 200 
pars ruberalis, 192, 193, 194, 195,196,200, 20 1 
pinea l gland (cpiphysis cercbri), 192, 193, 197, 201. 202 
pinea l stalk, 197 
pinea locytc, 192, 197 
piruicyte (nt:uroglin l eel!), 192, 197,20 1 
pituitary gland (ilypoph)'sis), 191-192, 193,194,195, 

'196,200,20 1 
principal (chief) ceH, 192, "/ 98,202 
Rathke's pnuch, 19 1, 192, "194, 195 
rosette, 202 
sin usoid, 191, 196, 198, 199, 200,201,201 
skull, 200, 201 
space an ifacT, 198 
stroma , 198 
thyroid gland, 19"', 193, 197, 198 
trabecula, 192 
vestigial cavity, 192 
zona fasciculara, 192, 199, 200 
zona glomcrulosa (zone multiformis), 192,199,200 
zona intermedia , 192,199,200 
zona reticu laris, 192, 199,200 

Endolymph,262 
Endolymphatic space, 267 
Endometrial epithelium, 233 
Endometrial gland, 229, 230, 231 
Endometria l tissue, 2]3 
EndomeTria l (uterine) gland, 222, 234. 235 
EndomeTrium, 222, 2]5 
Endomysi um, 41 , 42, 43, 44 
Endoncllriulll ,52 
EndOSTeum, 2 1,25 
Endothelial cell 

bone ma rrow, 40 
cardiovascu la r SySTem, 59, 60 
inregument,99, /14 
lymphatic system, 77, 78, 79 

Endotheliochorial placenta, 222, 232, 233, 234 
Endothelium, 57, 67, 214 
Eosin (H&E) stains, 3 
Eosinophil 

blood, 28, 29, 30, 3 1, 32, ]3, 34, 35, 36 
bone marrow, 40 
connective Tissue, 13, 15, 16, 17 
digeSTive sysrem, 146, 147 

Eosi nophi lic band cell , 39 
Eosinophilic myelocyte, 39 
Ependymal cell , 194 
Epicardium, 58 
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Epidermal collar, 87, 112 
Epidermal la mina, 111 
Epidermal peg, 88, 115 
Epidermal spine, 214 
Epidermis 

digestive system, 149, 151 
ear, 263 
eye, 255, 2S6, 260 
histology principles, 8 
integument, 85, 87, 89, 90, 92, 94, 95, 97, 98, 99, 101, 

102,103,104,105,106,110, 112, 114,115,118 
keratinized epidermis, 151 
male reproductive system, 216 
nervous system, 55 
perioplic epidermis, 110 
respiratory system, 185 

Epididymis, 204, 205, 209, 210, 21 7 
Epiglottis, 73, 176, 179 
Epimysium, 41 
Epineurium, 51 
Epiphysea l disc, 2 t, 22, 23 
Epiphysis cerebri (pineal gland), 192, 193, 197,201,202 
Epithelial cell, 139 
Epithelial tuft, 71, 84 
Epithel iochorial placenra, 222, 234, 235, 236 
Epithelioid cell, 63,199 
Epithelium, 9-1 1. See also Columnar epithelium; Cuboidal 

epitheli um; Pseudostratified epitheli um; Srratified squa
mOilS epithelium; Transitiona l epithelium 

basal cell, 10 
basement (glassy) membrane, 9, 10 
bistratified epithelium, 11 , 104, 105 
ciliated pseudostratified columnar epithelium, 10, 176, 177 
columnar epithel ium, 9, 10 
connective tissue, 10 
cryptal epithel ium, 236 
cuboidal epithelium, 9, 10 
dermis, 11 
esophagus, lumen, 10 
goblet cell, 10 
hepatocyte, 10 
keratinized cell, 11 
i:Jmina propria, 10 
lymphocyte, 10 
pseudostratified columnar epithelium, 9, 10, 175, 224, 241 
simple epithelia, 9, 10 
smooth muscle, 10, 11 
squamous epithel ium, 9, 10 
sfnuified columnar epithelium, J 1, 188, 214, 255 
stratified epithelium, 9,10,11,237 
stratified squamous epithelium, 10, 11 
striated border, 10 
transitional epithelium, 9, 11 

Erectile tissue (corpus cavernosum clitoridis), 223 
Ergot, 87 
Erythroblast, 40 
Erythrocyte (red blood cell) 

average size, 7, 27, 28 
bone marrow, 37, 39, 40 
cardiovascular system, 59, 60, 61, 67 
connective tissue, 15 
crenated erythrocyte, 27, 28 
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defined, 27-29, 30, 35, 36 
digestive system, 161 
endocrine system, 198 
female reproductive system, 238, 243 
integument, 99, 114 
lymphatic syStem, 78, 83 
proerythrocyte, 37 
respiratory system, 184, 189 
urinary system, 171, '174 

Esophageal gland, 137 
Esophagus 

digestive system, 119- 120, 121, /31, 132, 133, 136, 157 
epithelium, 10 
respiratory system, 180 

Estrous cycle, 222, 223 
Estrus, 222, 223, 230, 237, 238 
Excretory canal (conncaing duct), 205, 217, 21 9 
Extensor tendon, 26 
External anal sphincter, 149, 150 
External auditory meatus, 261, 262, 263, 264 
External ear, 261 
Externa l elastic membrane, 61,62 
Externa l· root sheath, 86 
Extracellular matrix, 13 
Extrapulmonary primary bronchi, 176, 177, 181 
Extratesticular rete testis, 204 
Extrinsic muscle, 260 
Eye, 245-260 

acinus, 256 
annular gland, 257 
annular pad, 247 
anterior chamber, 245, 249, 250, 254, 257 
anterior epithelium, 245, 252 
blood vessel, 253, 259 
Bowman's membrane, 245, 247, 258 
bridge, 247, 259 
Bruch's membrane, 246, 247 
Brucke's muscle, 247, 257 
bulbar conjunctiva, 247, 249, 250, 251, 252, 254 
canal of Schlemm, 248, 257 
capillary, 254, 259 
capsule, 247, 2S7 
cavity of lens, 2S7 
cavity of vitreous humor, 245, 257 
cellula r tapetum lucidum, 246 
chicken, 247-248, 257-260 
choriocapillary layer, 246, 253, 254, 259 
choroid, 245, 246, 247, 249, 252, 253, 259 
ciliary body, 245, 246, 247, 250, 257. 258 
cil iary musclc, 246, 249, 250 
ciliary process, 246, 249, 250, 2S1, 257 
collecting duct, 260 
cones, 253, 254, 259 
con junctiva, 247 
cornea,245-246,247,249,25~ 25 1,252, 254,25~258 

corneal Stroma, 252 
corneoscleral trabecular meshwork, 246, 250, 251 
corpora nigra (iris granule), 246 
corpus nigrum, 252 
covering membrane, 247, 259 
Crampton's muscle, 247, 257 
cytoplasmic process, 254 



dermis, 260 
Descemet's membrane, 145, 247, 251, 252, 254, 258 
diffuse lympha tic tissue, 255 
di la[Or, 249 
di lator muscle, 257, 258 
duct, 255 
clastic ca rrilage, 254 
cla stic fiber, 250, 258 
epiderm is, 255, 256, 260 
extrinsic muscle, 260 
eyel id, 247, 248, 255, 256, 260 
feather follicle, 260 
fi brous tapetum lucidum, 246 
fi brous tunic (corneosclerallayer), 245 
filtra tion :mgle, 246, 247-248, 249, 250, 251,257 
forn ix of conjunctiva, 247, 256 
ganglion, 253, 254, 259 
germinal zone, 250 
goblet cell, 255 
hair follicle, 255, 256 
harderian gland, 247, 248, 256, 260 
Herbst corpuscle, 260 
hyaline carti lage, 255 
inner limiting membrane, 253 
inner nuclear layer, 253, 254, 259 
inner plexiform layer, 253, 254, 259 
interlobular connective t issue, 256, 260 
intralobular duct, 256 
iris, 245,246,247,249,250,251,252,257,258 
Krause's gland, 256 
lacrimal gland, 247, 248, 256, 260 
lamina cribrosa, 247, 253 
lens, 24 5, 24 7, 249, 250, 257 
lens body, 247, 25 7 
lens capsule, 250 
lens epithelium, 245, 250 
lens fiber, 245, 250, 257 
limbus, 246, 249, 250, 251 
lipid vacuole, 258 
loose connective tissue, 259 
mammals, 245-247, 249- 256 
melanocyte, 25 1, 252, 253, 254, 259 
mucous acinus, 255 
myoepithelial cell, 249, 251 
nerve fiber, 253, 254, 259 
nictitating membrane, 247, 24 8, 254, 255 
nonpigmented epithelium, 251, 257, 258 
optic disc, 247, 249, 253 
optic nerve, 249, 253, 259 
ora ciliaris retinae, 246, 249, 252 
outer nuclear layer, 253, 254, 259 
outer plexi form layer, 253, 254, 259 
palpebral con junctiva, 247, 249, 250, 251, 255, 256 
pars ciliaris retinae, 246, 249, 250, 252 
pars iridica rctinae, 246, 249 
pecten, 247, 259 
pectinate ligament (uveal meshwork), 246, 247, 250, 251, 

254, 257, 258 
photosensitive retina, 246 
pigmented columnar cell, 246 
pigmented epithelium, 251, 25], 254, 257, 258, 259 
pigmented myoepithelial cell, 246 

plasma cell, 260 
posterior chamber, 245, 249, 250, 257 
posterior epithelium, 245- 246, 252, 258 
pupil, 246, 249 
ret ina, 245, 246-247, 247, 249, 252, 253, 254, 259, 260 
ret inal tunic, 245 
rods, 253, 254, 259 
sclera, 245, 247, 249, 250, 251, 252, 253, 254, 256, 257, 

258 
scleral cartilage, 247, 257,258,259,260 
scleral ossides, 24 7, 257, 258 
scleral trabecular meshwork, 247-248, 257 
scleral venous plexus, 246, 249, 250 
sebaceous gland (glands of Zeiss), 247, 256 
secretory tubule, 260 
serous acinus, 255 
skeletal muscle, 256 
smooth muscle, 256 
space artifact, 252, 258, 259 
spaces of Fontana, 246, 248, 250, 25 1, 257 
sphincter (constrictor) muscle, 246, 249, 251 , 257, 258 
squamous epithelium, 258 
strain, preventing, 6 
stratified columnar epitheli um, 255 
stratified squamous epitheli um, 255, 258 
stroma (substantia propria), 245-246, 246, 251, 252, 258 
superficial gland of nictitating, 247, 255 
su prachoroid layer, choroid, 246 
sweat gland (glands of Moll), 247, 255, 256 
tapetal cell, 254 
tapetulll luciduln, 246, 249, 253, 254 
tarsa l (Meibomian) gland, 247, 255, 256 
tarsus, 247, 255, 256 
tra becula, 246 
uveal trabecular meshwork, 246, 251 
vascular layer, choroid, 246, 250, 253, 254 
vascular tunic (uvea), 245 
zonular fi ber, 245, 246, 249, 25 J, 257, 258 

Eyelid, 247, 248, 255, 256, 260 

Facia l nerve, 264 
Fat cell (adipocyte), 13, 17, 18 
Feather fo ll iele, 112, I 14, 11 8,260 
Feather integument, 87 
Feather muscle, 87, 112, 113, 11 4 
Feather pulp, 87, 112, 1 13 
Feather sheath, 112, 113 
Female reproductive system, 221-243 

adipose tissue, 228 
adventi tia, 222- 223, 237 
albumen, 242 
allanroic blood vessel, 232, 233, 234, 235, 236 
all anroic epithelium, 232 
ampu lla, 222, 228 
anestrus, 222, 223, 229, 237, 238 
antrum, 221, 225, 226 
apical celi, 243 
artery, 230 
attesia, 222 
atre tic foll icle, 223, 240 
basal cell, 243 
blood vessel, 231, 243 
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Female reprodunive system (Comilll/ed) 
caruncle, 222, 131 
cavernous space, 237 
cervi x, 222, 236 
chicken, 223- 224, 239-243 
chorioallantoic connective tis~ue, 233 
chorioallantoic membrane (CAM ), 222, 232, 234, )35 
chorioallantoic vi llus, 234, 235, 236 
chorion laeve, 232, 234 
cilia, 228, 231, 236 
cilia ted cell, 242 
ciliated epithelium , 24 1 
circular muscle, 229 
clitoris, 223 
cloaca, 240 
col umnar ccll, 237, 238 
columnar epithelium, 222, 228, 229 
corona radiata, 222, 215 
corpus albicans, 222, 226 
corpus luteum, 222, 225, 227 
cortical stroma, 221 
cotyledonary placenta, 222, 235, 236 
crypt, 234, 235, 236 
cryptal epithelium, 236 
cuboidal epithelium, 221, 222, 229, 231, 235 
cumulus oophorus, 222, 225 
cytotrophoblast, 233 
deciduate, 222 
deep glandular layer, 232 
dieSlTus, 222, 223, 230, 239 
diffuse placenta, 222, 234, 235 
diplokaryocyte,236 
dun, 237, 238, 243 
endometrial epithelium, 233 
cndomeuial gland, 229,230,23 1 
endometrial tissue, 233 
endometrium, 222, 235 
endotheliochorial placenta, )2), 232, 233, 234 
epitheliochorial placenta, 22'}, 234, 235, 236 
epithelium, 242 
erectile tissue (corpus cavernosum cliroridis), 223 
erythrocyte, 238,243 
estrous cycle, 222, 223 
estrus, 222, 223, 230, 237, 238 
fo lds, 222, 224, 227, 228, 229, 241, 243 
follicle , 221, 225. 239, 240 
germinal epithelium, 22 1, 226 
germinal vesicle, 22 3 
glands, 241, 242 
gland ular epithel ium , 24] 
gland ular groove, 241 
glans, 223 
goblet cell, 222, 224 
gnmulocyte,239 
granulosa cell, 225, 226, 22 7 
hematoma, 232, 234 
hCl110rrhagic region, 23 1 
high columnar cell, 235 
hilus cell, 227 
hypertrophied theca cell, 226 
indeciduate, 222 
infundibulum, oviduct, 222, '}24, 227, 228, 240, 241 
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imcrcotyledonary endometrium, 235 
intermedia te cell, 223, 238, 239 
interstitial cell, 223, 240 
inrerstitial gland, 221 , 226, 227 
isthmus of oviduct, 222, 2?4, 229, 240, 242 
kerat inizcd cell , 237 
labia, 223 
labyrinrhinc slI rf:lces, 222 
lamina propria, 222, 228, 236.137, 24 1 
longitudinal muscle, 229 
low columnar walls, 235 
magnum, oviduct, 224, 240, 241, 242 
mammal s, 221-223, 225-239 
maternal blood vesse!, 233, 234, 235 
medulla, ovary, 22 1, 223, 225, 239 
membrana granulosa, 271,223,225,226,240 
mesomcrrium, 230 
metestrus, 222, 223, 231 
microplaccnromc, 23 4 
mucosa , 222-223, 241 
lllulrilamimr (late primary) follicle, 22 1 
muscula ris, 222-223, 224, 228, 237, 24 1,242,243 
myometrium, 222, 229, 230, 231 , 232. 235 
neutrophil, 238, 239 
oocyte, 221, 223, 225, 239, 240 
ovarian cortex, 221, 223,225 
ovaries, 221-222, 223, 225. 22 6, 22 7, 239, 240 
oviduct, 222, 224, 227, )28,229, 240,24 1, )42, 243 
para basal cell, 223, 238, 239 
pcrimetrium (serosa), 222 
pcrivitclline membrane, 723, 240 
placcnta, 222, 232, 233, 234, 235, 236 
placenrallabyrinth, 232, 234 
piacenromc, 235 
prepuce, 223 
primary fold, 236, 241, 243 
primary foll icle, 221, 222, 225 
primary oocyte, 22 1 
primordial follicle, 22 1, 225 
proestrus, 222, 223, 229, 238 
pseudostratifieJ columnar epithelium, 224, 24 1 
pseudostratified epithelium, 222, 131, 242, 243 
regenerating gland, 24 1, 242 
resting gland, 241, 242 
rete ovarii, 221, 227 
seconda ry fo ld, 236, 241 , 243 
secretory bleb, 228 
secretory gland, 241, 242 
serosa, 222-223, 228, 241 
shell gland (uterus), 224, 243 
space artifact, 235 
sperm-host gla nd, 224, 24] 
spongy layer, 232, 234 
squamo us cpithelium, 221 
stratified epithelium, 237 
stratified squamous epithelium, 236, 23 7 
Stra tum vascuJare, 222, 229, 230 
stroma, 223, 225 
submucosa, 228 
superficial cell, 223, 238, 239 
superficial inrerrnediat{' cell, 223, 238, 239 
supraglandular layer, 232 



syndesmochorial placenta, 222 
syntrophoblast, 233 
tertiary fold, 236, 241 
tertiary (Graafian ) follicle, 222, 226 
theca externa, 221-222, 223, 22S, 226, 240 
theca folliculi , 221, 225 
theca interna , 221-222, 223, 22S, 226, 240 
theca lutein cell, 226 
transitional epithelium, 237 
trophoblastic projection, 233 
tubu lar gland, 242 
tunica adventitia, 230 
tunica albuginea, 221, 223, 225 
tunica intima, 230 
tunica media, 230 
urethra, 237 
urethral epithelium, 23 7 
uterine (endometrial) gland, 222, 234, 235 
uterine horn, 229, 230, 231 
uterus, 222, 231, 234, 240, 243 
vacuolar cell, 223, 239 
vacuole, 243 
vagina, 222-223, 224, 237, 240, 243 
vaginal smear, 238, 239 
vein, 230 
vestibula( epithelium, 237 
vestibular gland, 237 
vestibule, 223, 238 
vilous surfaces, 222 
vulva, 223 
yolk sphere, 240 
mna pellucida, 221 , 225, 226 
mnary placenta, 222, 232, 233, 234 

Fiber bundle, 123 
Fiber of neuroglial cell, 197 
Fibroblast, 13, 14, 15, 16, 17, 18,115 
Fibrocartilage, 19,20 
Fibrocartilaginous cord, 216 
Fibroelastic membrane, 181 
Fibrous astrOCyte, 48 
Fibrous capsule, 26 
Fibrous tapetum lucid lim, 246 
fibrous tunic (corneoscleral layer), 245 
field of view, microscope, 3, 6 
Filiform papilla, 119, 125, 127 
Filoplumes, 87 
Filtration angle, 246, 247-248, 249, 250, 2S1 , 257 
Fixation, specimen, 1, 2 
Fluid-filled space, 54 
Focusing tips, microscope, 6 
Fold 

claw fold, 106 
digestive system, 157 
female reproductive system, 222, 224, 227, 228, 229, 236, 

241 , 243 
follicular fold, 100 
hisrology principles, 8 
integument, 100, 106 
lymphatic system, 7] , 73 
primary fo ld, 236, 241 , 243 
respiratory system, 180 
secondary fo ld, 236, 241, 243 

synovial fold, 26 
tertiary fold, 236, 241 
vestibular fold, 73 
vocal fold, 180 

Foliate papilla, 119 
Follicle 

atretic follicle, 223, 240 
compound foll icle, 86 
digestive syStem, 122, 15 1 
ear, 263 
endocrine system, 192, 194, 195, 197, 198, 202 
eye, 255, 256, 260 
feather, 112, 114, 118,260 
female reproductive system, 221,222,223,225, 226, 239, 

240 
integument, 86, 87, 88, 89, 95, 98, 100, 101, 102, 104, 

107,110,112,114, 118 
lymphatic system, 69, 71, 84 
male reproductive system, 217 
mllltiJaminar (late primary) follicle, 221 
primary follicle, 221, 222, 225 
primordial follicle, 221, 225 
single hair foll icle, 86 
tertiary (Graafian) follicle, 222, 226 
tonsillar follicle, 69 

Follicular folds, 100 
Footpad, 117 
Footplate, stapes, 264 
Forestomach, 120 
Formed elements, 27 
Fornix of conjunctiva, 247, 256 
Fossa, 73 
Fourth ventricle, 48 
Foveolae (gastric pit), 120, 137, 138, 139, 140, 141, 158 
Frog, hoof, 108, 109 
Fuchsin stains, 3 
Fundic gland, 137, 138, 139 
Fundic gland region, 120, 136, 137, 138, 139, 140 
Fungiform papilla, 119, 125 

Gallbladder, 121, 154 
Ganglion 

dorsal rOOt ganglion, 50, 51, 55 
ear, 266 
endocrine system, 199, 200, 202 
eye, 253, 254, 259 
nervous system, 50, 51, 55 
parasympathetic ganglion, 51 
spiral ganglion, 266 

Gastric furrow, 120, 141 
Gastric gland, 158 
Gastric pit (foveolae), 120, 137, 138, 139, 140, 141, 158 
Gelatinous cupula, 262 
Germinal center, 69, 72 
Germinal epithelium, 221, 226 
Germinal matrix cell, !l6 
Germinal vesicle, 223 
Germinal zone, 250 
Giemsa stain (Romanovsky), 3 
Gingiva, 123 
Gizzard (ventriculus), 121, 158 
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Gland 
of the 3nal sac, 120 
digestive system, 157, 158 
fe male reproductive system, 241 , 242 
inregument, 100,102, 11 8 
male reproductive system, 2 11, 21 2 

Glands of Moll, 24 7, 255, 256 
Glands of Zeiss, 247, 256 
Glandular epitheli um , 102, 243 
Glandular groove, 241 
Glandular stomach, 120 
Glans, 223 
Glans penis, 205, 214 
Glassy (basement) mem hrane, 9, 10, 86, 101 
Globular (Globule) leukocyte, 14 , / 6, 140, 144, 146 
Glomerular (visceral ) epitheli um, 164, 167, 174 
Glomerulus, 164 
Glomus, 63 
Glomus (type I) cell , 6 7 
Glottis, 179 
Glycogen body, 54, 55 
Glycogen w ne, 87,117,118 
Goat 

blood, 34, 35 
cardiovascular system, 59, 66 
digestive system, 125, 126, 127, 135, 136, 139, 141 , 145, 

149, 153, 154 
e3r,2 63 
endocrine system, 198 
epithelium, 11 
erythrocyte, average size, 7, 27 
eye, 252, 256 
integument, 97, 98 
male reproductive system , 21 1 
nervous system, 46 
respiralOry system, 179, 180, 181 
llrinary system, 170, 171, 172 

Goblet cell 
digestive system, 120, 12 1, 130,142,143,146, 147, 148, 

151 , 153,154,155,156 
epithel ium, 10 
eye, 255 
female reproductive system, 222, 224 
respiratory system , 175, 176, 178, 180, 181, 182 

Gonocyte, 206 
Graa fian (tertiary) foll icle, 222, 226 
Gra nular layer, 46, 48 
Granulocyte 

agranulocyte, 28 
blood, 28, 35 
bone marrow, 38, 39 
endocrine system, 201 
fe male reproductive system, 239 
lymphatic syStem, 78, 83 
respiratory system, 189 

Granulosa cell , 225, 226, 227 
Gray marter, 49, 50, 54, S5 
Guttural pouch, 265 

H ba nd, 41, 43 
Hair 

bulh, 86, 94, 95, 97, 99, '/ 01 
ceU, ear, 267 
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integument, 93, 94, 95, 97, 99, 100 
sensory hairs, 178 
sin us (tact ile) hairs, 86,89, 99 

Hair follicle 
digestive system, 122, 15 1 
ear, 263 
eye, 255, 256 
integument, 86, 88, 89, 95, 98, 100, 101, 102, 104, 107, 

11 0 
male reproductive system, 2 17 
single ha ir fol licle, 86 

Hard pala te, 124 
Harderian gland, 247, 248, 256, 260 
Hassall's (thym ic) corpuscle, 70, 7 J, 82 
Haversia n systems, 2 J. 24, 25 
H&E (hematoxylin and eosin) stains, 3 , '13 
Head of epididymis, 204 
Heart, 58 
I-lelici ne artery, 205, 216 
Helicotrema, 262 
Hemal node, 70, 78 
Hematoma, 232, 234 
Hematopoiet ic tissue, 37 
Hematoxylin and eosin (H & £) stains, 3, 13 
Hemolymph nodes, 70 
Hemorrhagic region, 231 
Hen. Sec Chicken 
Henle's loop, 164,169, 170,171, 174 
Hepa tic a rtery, 152 
Hepatocyte 

binucleate hepatocyte, 153 
digesti ve system, 120, l21 , 152, 153,161 
epitheliu m, 10 

I-Iepatoid gland, 120 
Herbst corpuscle, 55, 11 5, /60,260 
Herring body, 192 
Heterophil, 29, 35, 36, 40 
H igh columnar cell, 235 
Hilus ccll, 227 
H ilus region, 164 
Histiocyte. See Macrophage 
H istochemical procedure, 3 
Histology principles, 1-8. See also Blood; Bone; Bone mar

row; Cardiovascula r system; Carti lage; Connective t is
sue; Digestive system; Ear; Endocri ne system; Epithe
lium; Eye; Female reproductive system; Integument; 
Lymphatic system; Male reproductive system; Muscle; 
Nervous system; Respiratory system; Urinary system 

acidic (anionic) sta ins, 3 
artifact (imperfections), 7, 8 
basic (cationic) stain, 3 
basophilic substances, 3 
binocular microscope, 6 
centering slides, 3, 6 
chicken erythrocyte, average sile, 7, 28 
clearing, 1, 2 
coverslipping, 2, 3 
crackli ng art ifact, 8 
dehydra tion, I, 2 
de rmis, 8 
clog erythrocyte, average SI7.e, 7, 27 
drying on warmer, 2, 3 



eosin (H&E) srains, 3 
epidermis, 8 
erythrocyte, average siT.e, 7, 27, 28 
eye strain, preventing, 6 
field of view, 3, 6 
fixation, 1, 2 
focusing tips, 6 
fo lds, 8 
fuchsin sta ins, 3 
goat erythrocyte, average size, 7, 27 
hematoxylin and eosin (H&E) stains, 3 
histochemical procedure, 3 
immunohistochemical procedure, 3 
infiluation, I , 2 
knife marks (scratches), 8 
Kohler illumination, 6 
lake, 3 
lighting tips, 6 
methylene bl ue stains, 3 
microscope use tips, 3- 6 
mordant, 3 
paraffin procedure, 1,2 
pointer in ocular, 3 
relocating structures, 6 
resorcin fuchsin (Orcein and Weigert's) stains for elastic 

fibe r, 3 
Romanovsky (Wright's and Giemsa's) stains fo r blood and 

bone marrow, 3 
section (specimen) interpretation, 3, 4-5 
section (specimen) preparation, 1-3, 2 
sectioning with microtome, 1, 2, 3 
separation (space) arti fact, 8 
silver stains fo r re ticular fibcr and nervous tissue, 3 
stain precipitate, 8 
staining, 2, 3 
toluidine blue stains, 3 
transfcrring sections to slide, 2, 3 
trichrome (Mallory'S and Masson's) stains for collagenous 

fiber, 3 
verniers, for relocating structures, 6 
waterbath, straightening sections on, 1,2, 3 

Homogeneous cell, 267 
Hoof (horse), 87,108,109-112 
Hooklet, 87 
Horn, 87, 107 
Horn tubule 

digestive system, 124 
integument, 107, 110, Ill, 112 

Horse 
blood, 3 1, 32 
bone, 22, 26 
cardiovascular system, 63, 67 
ca rtil3ge, 20 
connective tissue, 17 
crack ling ar tifact, 8 
digestive system, 125, 127, 128, 132. 137. 139, 144, 147, 

148, 15 1, 152,153,155 
ear, 265 
endocrine system, 195,196, 198, 199 
eye, 250, 251, 254, 255 
female reproductive system, 227, 228, 229, 230, 234, 235, 

236 

hoof, 87, 108,109- 112 
integument, 89, 95, 96,100,104,105,107 
kni fe marks and fo lds, 8 
lymphatic system, 74, 75, 76, 77, 80 
male reproductive system, 207, 208, 209, 210, 214, 215, 

216,217 
muscle, 42, 44 
nervous system, 53 
respiratory system, 180, 184 
urinary system, 168, 169, 172 

H umerus, 189 
H yaline cartilage, 19, 20, 21, 22.156. 176, 180,181,182, 

255 
H ydroxyapatites, 21 
Hypertrophied theca cdl, 226 
Hypophyseal cavity, 192 
Hypophysis (pituitary gland), 19 1- '192, 193, 194, 195,196, 

200, 201 
Hypoth3la mus, 192 

I band, 4 1, 43 
Ileum, 120,121,147,159 
Immature bone, 21, 22 
Immunohistochemical procedure, 3 
Imperfections. See Artifact 
Incus, 261, 264 
Indeciduate,222 
Infiltration, 1, 2 
Infraorbital pouch, 101 
Infundibular cavity, 192, 194, 195, '196,200 
Infundibular stalk, 192, 193, 194, 196,200,201 
Infundibulum, oviduct, 222, 224, 227, 228, 240, 241 
Inguinal pouch, 102 
Inner core, 54 
Inner limiting membrane, 253 
Inner nuclear layer, 253, 254, 259 
Inner plexiform layer, 253, 254, 259 
Inner root sheath, 86, 96, 98, 99, 100 
Inner runnd, 266 
Integument, 85-118 

adipose tissue, 97, 98, 115, 116, 118 
airspace, 11 3 
:lOnular sinus, 99 
arrector pili muscle, 86, 94 
axial blood vessel, 112 
bar, hoof, 108, 109 
barb, 87. 112 
barb stem, 113 
barbule, 87, 113 
basal cell, 111, 118 
basal layer, 87, 114 
basement (glassy) membrane, 86,101 
beak, 87, 115 
bistrati fied columnar epithelium, 104, 105 
bistrati fied cuboidal epithelium, 104, 105 
blood vessel, 98, 104, 105, 111, 115 
bonc, 115, 117 
bone, P3. 110, 111 
bulb, hoof, 108, 109 
calamus (quill ), 87, 113, 114 
capillary, 98, 100 
carpal gland, 101 
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Integument (Colltilllled) 
cart ilage, 110 
centra l layer, 118 
chestnut, 87, 107 
chicken, 87,112-1 18 
claw, 87,106, 117 
claw fo ld, 106 
clear cell , 101 
collageno us ba nJ, 104 
collagenous fiber, 97 
comb, 87, 114, 115 
commo n follicular o pening, 94 
compound fo llicle, 86 
connective tissue, 103 
connective tissue (capsule of), 117 
connect ive tissue sheath, 96, 98, 99 
contour feather, 87 
corneous celi, 112 
coronary region of hoof, 108, 109, 110 
corpora a mylacea, 102, 103 
cortex, ha ir, 86, 96, 98 
cuticle, 86, 96 
dark cell , 101 
da rtos muscle, 97 
dermal (feather) pa pilla, 85-86 , 86, 87, 88, 90, 96, 107, 

110,112,115 
dermal lamina, 111 
dermis, 85, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 

10 1, 105, 106,107,112,113,1 '14, 115,116,117 
digital cushion, 91, 92 
digital pad, 86, 87, 91, 92,106, '116 
distal phalanx, 106 
dorsa l p late, 117 
down fea ther, 87 
duci of sweat gland, 90, 91, 92, 98, 100,101 
elaStiC cart ilage, 98 
elaStiC fiber, 97,104 
elast ic tendon, 114 
endothelia l cell, 99, 114 
epidermal collar, 117, 112 
epiderma l lamina, 111 
epiderma l peg, 88, 115 
epidermis, 85, 87, 89, 90, 92, 94, 95, 97, 98, 99, 101, 102, 

103, 104,105,106,112, /14, 115, 118 
epithelium, 88, 104, 105 
ergot, 87 
erythrocyte, 99, 114 
external roo t sheath, 86 
feather, 87 
feather follicl e, 112, 114, lI8 
fea ther muscle, 87, 11 2, 113, 114 
feather pulp, 87, 112, 113 
feather sheath, 112, 113 
fibroblast, 115 
fil oplumes, 87 
follicl e, 87 
foll icular fo lds, 100 
footpad, 117 
frog, hoof, 108, 109 
germina l (matrix) cell, 86 
gland, 100, 102, 118 
glandular epithelium, 102 
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glycogen zone, 87, 117, I 18 
hai r, 86, 93, 94, 95, 97, 99, 100 
hair bulb, 86,94,95,97,99, 101 
hair foll icle, 86, 88, 89, 95, 98, 100, 101, 102, 104, 107, 

110 
Herbst corpuscle, 1 IS 
hoo f (horse), 87, 108, 109-112 
hook let, 87 
horn, 87,107 
horn rubule, 107, 110, 111 , 11 2 
in fr aorbital pouch, 101 
inguinal poU(;h, 102 
inner rom sheath, 86, 96, 98, 99, 100 
intercellular bridges, 89, 9 1 
interlo bular connective tissue, 102 
inte rlo bular duct, 102 
intermediate cell, 118 
intermediate layer, 8 7,11 4 
intertllbu lar horn, 107, 108, /10,112 
intra lobu lar connective ti ssue, /02, 103 
intra lobular duct, 91 , 102 
isthmus o f uropygial gland, 87,1 '18 
kerati n, .116 
kera tinocyte,91 
lamina propria, 104, 105 
laminae region of hoof, 106, 108, 109, 111 
lamina r dermis, 108, 110, I 11 
laminar horn, 108 
limiting furrow, 106 
lobe, lumen, 117, 118 
lo bule, 102 
lymphatic vessel, 102, 104 
mammals, 85- 87, 88-'/07, 108, 109- /12 
mammary gland, 86, 102, 103 
medu lla, hair, 86,96,98 
melanocyte, 86, 89, 112 
Merkel's cell, 99, 115 
merocrine sweat gland, 90, 9 1, 106 
middle phala nx, 106 
mucous connective tissue, 114, 115 
multilocular fat cell , 117 
myoepithelial cel l, 86, 90, 100,101 ,103 
nasolabial gland, 90 
nose, 86, 89, 100 
nuclei stack, 112, 115 
o ra l cavity, 115 
o uter-rOOt ~heath , 96, 98, 99, /00 
pacinian corpuscle, 91 
palatine ridge, 115 
papilla , 87 
papilla ry layer, 85-86 
perioplic dermis, 108, 11 0 
perioplic epidermis, 11 0 
perioplic region of hoof, 108, 109 
periosteum, 115 
pinn a, 98 
p lanum nasa Ie, 88 
p lanum nasolabiale, 90, 91 
planum rosrrale, 90 
p rimary duct, 87, 118 
primary hai r, 98 
primary lamina, 108 



pyknotic cell, 96, 100 
rach is, 87 
reti(u b r layer, 86 
rd i(ulate scale, 116 
s(ales,87 
scrotum, 97, 98 
S(utes, 1 I 6 

sebaceous gland, 86, 89, 94, 95, 97, 98, 99, 100, 101, 102, 
104 

sebaceous zone, 87, I I 7, 11 S 
secondary bminae, 108 
secretion, 103 
secretory acinus, 91 
secretoryccll, 101, 103 
S('(retory porrion, swea t gland, 100 
se(retory unit, 102, '103 
she3 th , 86 
single hair follicle, 86 
sinu~ (;lpi ll a ry, 114, '/15 
sin us pad, 99 
sinus (tactile) h'lirs, 86, 89, 99 
ske let31 muscle, 91, 94 
skin, 93,94. 95,96,97,98, /OS, 112 . 113,114 
snlooth muscle, 98. /03, 104, lOS, 118 
sole, hoof, 106, 108, 109, 110 
spur, 1'16 
stem cdl, 100 
stra tified squamous epithelium, 105 
matum basale, 85, 88, 89, 90, 92, 93, 94, 97, 105, 107 
stratum corneum, 85, 87,88,90,92,93,94,97,105,107, 

112, 113, fI4 , 115, 116 
stratumgerminativum, 87, 112,113, 114, 115,116, 117 
stratum granulosum, 85, 88, 92, 93, 97 
stra tum internurn, 108 
stratum lucidum, 85, 92 
S[fatum medi um, hoof, 108, 109, 111 
stra tum spinosum, 85, 8S, 89, 90, 92, 93 , 94, 97, 105, 107 
stratum tectorium, 108 
subcutis, 87, 88, 94 
sulcus, 116 
surface groove, 88, 90 
sweat gln nd, 86, 88, S9, 95, 96, 97, 100, /01, 102, !OJ 
tea t, 103 
teat canal, 105 
tcat sinus, 103, 104, lOS 
tendon, 11 7 
thick skin, 85 
thin skin, 85 
tomi:l l edge, 1/ 5 
trabecula,99 
transit ional layer, 87,114 
tubular horn, 108 
unguinal scale, 117 
uropygial (preen) gland, 87, 11 7, 118 
vacuola ted cell , /00 
vane, 87 
ventr:l l plate, 1/7 
venule, 98 
w:l1I of hoof, 106, 1/0 
wattle, 87, 114 
white line, hoof, 108, 109 

Intercalated disc, 4 1,44 

Intercakued duct 
digestive system, 121,128, 129,130, ISS, 1.i6 
respi ra tory system, 179 

Intercellular bridges, 89, 91 
Intercellula r space, 157 
Intercostal muscle, 185 
Intercoryledonary endometrium, 235 
Interlobula r connective tissue 

digestive system, 127, 128, 129, 130 
eye, 256, 260 
integument, /02 

Interlobular duct, 102, 12 1, 127, 130, 155 
Interlobular septum, 211, 212 
Intermediate cell, 118,223,238, 239 
Intermediate layer, 87,11 4 
Internal car, 26 1,262 
intern al elastic membr:lne, 57, 60, 61, 62 
Inrerstiti:l l cell 

fem ale reproductive system, 221, 226, 227 
Leydig cell , 204, 205, 206, 207, 208, 217 

Interstitial syStems, bone, 2 1,24 
Intersyringca l (aTtilages, 176 
Interterritoria l ma trix, 19,20 
Intertubular horn, 107, 108, 1/0, 112 
Intestina l absorptive cell, 142 
Intestinal lumen, 146 
Intestine, 12 1 
Intraca rt ilaginous (endochondral ) bone, 21, 22, 24 
Intra lobular connective t issue, 102, 103 
Intralobular dUCT, 91, 102, 122, 127, 256 
Intralobular vein, 173 
Intramembranous bone, 21 
Intrapulmonary primary bronchi (mesobronchi), 176 
Ir is, 245, 246, 247, 249, 250, 251, 2S2, 257, 258 
Iris granule (corpora nigra), 246 
Isler of Langerhans, 121, 1 H, 156 
Isogenous groups, 19 
ISthmu s of oviduct, 222, 224, 229, 240, 242 
Isthm us of uropygia l gla nd, 87, /18 

Jeju num, 120, 12'1, 146, /47 
Joint cavity, 26 
Jllxtaglomerul:H cell, 164,168 

Keratin, 116 
Kerat inized cell , I 1,134,237 
Keratinized epidermis, 151 
Keratinized epithelium, 150 
Kerarinocyte, 91 
Kera tinoid,158 
Kidney, 163-164, 173 
Knife marks (scratches), 8 
Kohler illumination, 6 
Kra use's gland, 256 
Kupffer cell, 153 

Labia, 223 
Labial glan d, 122 
Labyrinthine surfaces, 222 
Lacrimal gland, 247, 248 , 256, 260 
Lacun'l, 19, 24 
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Lagt:na, 262 
Lakt:, 3 
Lamellae, 21, 24 
Lamina cfi brosa, 247, 253 
Lamina propria 

digestive sys tem, 119, 123, 124, 13 I, 132, 133, 134, 135, 
136, 137,138,139, 140, 141 , /42 , 144, 146,147,148, 
149,151,154,157, 158 

epiThelium, 10 
female reproductive system, 222, 228, 236, 237, 24/ 
integument, 104, 105 
lymphatic system, 84 
male reproductive system, 210, 211 , 213, 214, 216 
respiratory system, 175, 176, 179, 180, 18 1, 182, 185 
urinary sysrem, 164, 171 , 172 

Lamina subglandularis, no, 138, 140 
Laminae region of hoof, 106, 108, 109, 111 
Laminar dermis, 108, J 10,1 'II 
Laminar horn, lOS 
Large inrestine, 120, 12 1, 159 
Larynx, '175,176 
Late primary (multilaminar) follicle, 221 
Lens, eye, 245, 247, 249, 250, 257 
Lens body, 247, 257 
Lens capsule, 250 
Lens epithelium, 245, 250 
Lens fiber, 245, 250, 257 
Lenticular process, 264 
Leukocyte (white blood cell ) 

blood, 27, 28 , 30 
connective tissue, 14, 16 
digestive system, 140, 144, /46 
globu lar (globule) leukocyte, 14, 16, 140, 144, 146 
infiltration, lymphatic system, 74 
polymorphonuclear leukocyte. 28 

Leydig (interstit ial) cell , 204, 205, 206, 207, 208, 217 
Ligament, 264 
Lightcdl, 154, 155, 192, 198, 267 
Light zone, 120, 137 
Lighting tips, 6 
Limbus, 246, 249, 250, 251 
Limiting furrow, 106 
Lingual sal ivary gland, 126, 127 
Lingual tonsil, 69 
Lip, 122 
Lipid vacuole, 258 
Liver, 120,121,152,153,154, 161 
Lobe, lumen, 117, 118 
Lobule 

classic lobule, 120 
digestive system, 120, 127, /52, 161 
intt:gument,102 
lymphatic system, 70 
urinary system, 164 

Longitudinal muscle, 229 
Loop of Henle, 164, 169, 170, 171, 174 
Loose (a reolar) connective tissue 

defin ed, 14, 15, 16, 17 
digestive system, 124 
eye, 259 
male reproductive syStem, 209, 2 10 

Low columnar walls, 2]5 
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Lumen, 207 
Lungs, 176-177, 185, / 88,189 
Lymph node 

cardiovascular system, 67 
conex, lymph node, 75, 76, 77 
hemolymph nodes, 70 
medulla, lymph node, 75, 77, 78 
tracheobrollchiallYnlph node, 75 

Lymphatic nodule 
digestive system, 137, 147, 148, 160 
lymphatic system, 69, 72, 73, 74, 75, 76, 78, 79, 83 
male reproductive system, 217 
respiratory system, 182 

Lymphatic system, 69-84 . See also Lymph node; Lymphatic 
nodule; Lymphatic vessel 

adipose t issut:, 78, 83 
arteriol e, 70 
blood vessel, 83 
bursa of Fabrici us, 7 1,84 
(apilhlr)" 70, 80 
capillary layer, 71, 84 
capsule, 70, 74,75,76,78,79,80,8 1,83 
ca rtihlge plate, 75 
cC(:al tonsil , 83 
cemral aw~ ry, 79, 80 
chicken, 70-71, 83-84 
connecrivt: tissue, 83 
corona, 69, 72 
cortex, lymph node, 75, 76, 77 
con ical sinus, 74, 76 
cortical tissue, 75 
crypt, 74 
crypt of Lieherklihn, 83 
dcep cortex, 74 
diffuse lymphatic tissue, 69, 72, 73, 74, 75, 76, 77, 78 
elastic fiber, 80, 81 
ellipsoid, 70, 79, 80 
endothelia l cell , 77, 78, 79 
epiglottis, 73 
epithelial tuft , 71,84 
erythrocyte, 78, 83 
folds (plica), 71 
foll icle, 7 1, 84 
fossa, 73 
germinal center, 69, 72 
granulocyte, 78, 83 
Hassall's (thymic) corpuscle, 70, 71, 82 
hemal node, 70, 78 
hemolymph nodes, 70 
lamina propria, 84 
leukocyte infi ltra tion, 74 
li ngual tonsil, 69 
lobu le of thymus, 70 
lymphocyte, 72, 77, 78 
macrophage, 70, 77, 78 
mammals, 69-70, 72-83 
marginal zone, 70, 79, 80 
mast cell, 77 
medulla, lymph nodt:, 75, 77, 78 
medulla, parenchyma, 70 
medulla, thymus, 81, 82, 84 
medullary co rd, 74, 77, 78 



medullary sinus, 70, 74, 77, 78 
megakaryocyte, 78 
mesothelium, 79, 83 
mucosa, 72 
mucous acinus, 73 
mult inucleate giant cell, 77 
muscularis, 84 
muscularis externa, 72, 73 , 83 
myoid cell , 7],84 
nonsinusal spicens, 70 
palatine tonsil, 69-70, 73 
paraepiglottic tonsil , 69, 70, 73 
parenchyma cdl, 70 
penicillus, 70 
periarreria llymphatic sheath (PA LS), 70, 80 
Peycr's patch, 69, 72, 73 
posrcapilla ry venule, 70, 77 
primary bronchi , 75 
pseudosrradfied epithelium, 84 
pulp artery, 70 
red pulp, 70, 71, 79, 80, 81 , 83 
re ticular ce ll , 72, 77, 78, 83 
reticula r fiber, 76 
reticular structure, 7 1, 84 
salivary gland, 70, 73, 74 
septum , 81 , 84 
serosa, 80, 81 
serous acinus, 73 
serous demilune, 73 
sheathed artery, 7 1, 83 
sheathed capillary, 70 
sinUS'1 1 spleens, 70 
sinuses, 70 
ske!c:ml muscle, 73 
smooth muscle, 76,77,80,8 /,83 
spleen, 70-71, 79, 80, 81, 83 
splen ic a rtery, 70 
srrarified squamous epithelium, 73, 74 
su bcapsular sinus, 70, 74, 76, 78 
subm ucosa, 72, 73 
thymic t issm:, 83 
thymus, 70, 71, 8 1, 82, 83, 84 
tonsi l, 69-70, 73 
tonsillar follicle, 69 
n abecula, 70, 74, 76, 77, 79, 80, 81 
trabecular artery, 70 
tracheobronchiall)'mph node, 75 
tubal tonsil, 69, 70 
undiffe rentiated epithelial cell, 71, 84 
venous sinus, 70, 79 
vesicles. 84 
vestiblilar fo ld, 73 
villus, 72, 73, 83 
white pulp, 70-71, 79, 81, 83 

Lymphatic tissue, 159, 174, 188 
Lymphatic vesscf 

cardiovascular system, 58, 67 
digestive sysrem , 134, 136, / 52 
integurnel1t, 102, 104 
lymphatic system, 81 

Lymphocyte 
blood, 28, 29, 30, 31, 32 , 3], 34, 35, 36 

connectivc ('issuc, 13, 16 
digestive system, 140, 142, 144 
epithelium, 10 
lymphatic system, 72, 77, 78 
male reproductive sysrem, 209 

Lymphoglandular ridgc, 160 

Macrophage (histiocyte) 
cardiovascular system, 59 
connective tissue, 13, 17 
lymphatic system, 70, 77, 78 
respira tory syStem, 175, 183, 184, 189 

Macula densa, 164, 167,168,169 
lv!acu lae, 262, 265 
Magnum, oviduct, 224 , 240, 241, 242 
Male reproductive system, 203-2 19 

accC$sory glands, 204, 2 11 
adipose tissue, 2 15 
adventi tia, 2 11 
ampulla, 204, 211 
basal cell, 210, 2 11 , 2 12 
body o f pen is (corpus penis), 205, 215, 216 
body of prostate gland, 204, 2 12 
bu lbourethral (Cowper's) gland, 204, 213 
capsule, 2 I 2 
ca vernous space, 204, 213, 214, 215, 2 '16 
chicken, 205, 217-2 19 
cil ia,218,219 
doaca, -'05 
columnar epithelium, 204, 209 
connecting duct (excretory canal ), 205, 217, 219 
connective tissue, 214, 215 
connective· t issue trabecula, 215 
corpus cavernosum, 205, 214, 21 5 
corpus spongiosum (corpus cavernosum urethra), 204, 

21],2 14 
cuboidal epithelium, 204, 209 
dermal papilla, 2 I 7 
dermis, 2 14 
disseminate ponion (pa rs disseminara), prostate, 204, 21 2, 

213 
duct,212, 2 J3 
duct of epididymis, 204, 205, 209, 219 
efferent ductule, 204, 205, 208, 209, 2 / 7. 21 8, 21 9 
ejacu latory duct, 105 
elast ic fiher, 215, 216 
endothelium, 214 
epidermal spine, 2 14 
epidermis, 216 
epididymis, 204, 205, 209, 210, 217 
extra testicular rcte test is, 204 
fihrocarri1::Jginous cord, 21 6 
gland,211 ,2 12 
glans penis, 205, 214 
gonocyte, 206 
hair foll icle, 21 7 
head of epididymis, 204 
helicine artery, 205, 216 
in terlobular septum, 2 11,212 
interst itia l (Leydig) celt , 204, 205, 206, 207, 208, 2 17 
lamina propria, 2/0, 211, 2/3, 214. 21 6 
loose connective tissue, 209,210 
lumen, 207 
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,\-Iale reproductive system (ColI/illllcd) 
lymphatic nodule, 21 7 
lymphocyte, 209 
male accessory gland, 204 
mamma ls, 203-205, 206--2 17 
mediastinum testis, 204, 208 
tlHlCOUS cell, 213 
nHi scularis, 210, 211 
myoid cell , 204, 207, 208 
os penis, 205, 213, 214 
pariettll prepuce, 217 
pelvic ureThra, 204 
penile ureThra, 104, 214, 215 
penis, 203, 204, 205, 2 13. 214 
peri toneum, 203, 205 
prepuce, 205, 217 
preputial gla nd, 217 
primary spermatocyte, 103, 207, 208, 217, 218 
prostate gland, 204, 212 
psc udostra tified epithelium , 104 , 209, 210, 2 11,212,21 9 
rete lestis, 204, 205,206, 208, 209, 21 7, 218 
retractor penis muscle, 215 
scrotum, 203 
sebaceous gland, 217 
secondary spermatocyte, 203 
secretion, 211. 212 
secretory cell, 213 
seminal vesicle, 204, 211, 212 
semin iferous mbule, 203, 205, 207, 208, 217, 218 
septa, 203 
serosa, 210, 2 1/ 
serous cell, 213 
Sertoli cell, 203, 204, 205, 207, 208, 2 17, 2 18 
sex cord, 206 
smegma, 2 J 6 
smooth muscle, 203, 204, 209, 210, 2/3, 21 4, 215, 216, 

219 
spermatids, 203, 207, 208, 217, 21 8 
spermatogenic cell, 203-204 
spermatogonium, 203, 207, 208, 217, 2'18 
spermatozoa, 203, 209, 210, 211 , 218, 219 
spongy bone, 213 
stereocilia, 210 
straight tubule, 204, 205, 206, 208, 218 
st ra t ified columnar epithelium, 214 
STra tified squamous epithel ium, 205, 216, 217 
stra tum cavernosum (vascula r stra tu m), 204, 212 
supporting cell, 206 
tail of epididymis, 204 
testis, 203, 205 , 206, 207, 217, 2/8 
trabecula, 212,215, 21 6 
transitional epithelium, 212, 213,2 16 
transitiona l zone, 204, 208 
tunica a lbuginea, 203, 205, 207, 208, 209, 2 14, 215, 216, 

218 
tunica vaginalis, 203, 207, 209 
urethra, 204-205, 212, 213, 214, 215, 21 6 
urethral pouch, 21 6 
urethra l process, J05, 2 16 
vas deferens (dUClUS deferens), 204, 205, 210, 211, 219 
villus·like pro jections, 210 
viscera l prepuce, 217 
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Malleus, 261, 264 
Ma llory stain (Tr ichrome), 3 
Mammals 

blood, 27-28, 30--35 
bone marrow, 37-38, 39--40 
digestive system, 119-12 1, 122-156 
ear, 261-262, 263-266 
endocrine system, J9J - 192, 194-200 
eye, 245- 247, 249-256 
female reproductive system, 22 1-223, 225-239 
integument, 85- 87, 88-107, 108,109-112 
lymphatic system, 69-70, 72-83 
male reproductive system, 203-205. 206-217 
respirawry system, 175-176, 178-/85 
urinary sysrem, 163- 164, 166--172 

Mammary gland, 86, 102, /03 
Ma rc. See Horse 
Marginal zone, 70, 79, 80 
Margo plicatus, 137 
Marrow cavity, 25 
M;tsson sta in (trichrome), 3 
Mast cell , 13,15, 16,59, 77 
Maternal blood vessel, 233, 234, 235 
Matrix, 20 
MalUre bone, 2 1, 22 
Medial bronchial wall , 187 
Median eminence (ventral boundary of thi rd ventr icle), 192, 

193,194 
M ediastinum testis, 204, 208 
M ed ium artery, 57, 61, 62 
M edium vein, 57, 61, 62 
Medulla 

hair, S6, 96, 98 
kidney, 163, 164, 166, 169, 170,171 
lymph node, 75, 77, 78 
ovary, 22 1, 223, 225, 239 
pa renchyma cell, 70 
thymus, 81. 82, 84 

Medullary (ch romaffin) t issue, 193 
Medullary cone, 165, 173, 174 
Medullary cord, 74, 77, 78 
Medullary nephrons, -164 
rvledullary sinus, 70, 74, 77, 78 
Medu llary tracts, 165 
Megakaryocyte, 25, 38, 39, 78 
Meibomian (tarsal ) gland, 247, 255, 256 
Meissner's plexlls, 51, 146 
Melanocyte 

eye, 251, 252, 253, 254, 259 
integument, 86, 89, 112 

Mem brana granulosa, 221, 223, 225, 226, 240 
Membrane bone, 22 
Membra ne labyrinth, 262 
Meninges, 45, 47 
Merkel's cell, 99, 115 
Merocrine sweat gland, 90,91. 106 
r-,'!esangi:l l cell , 164, 174 
Mesenchyme tissue, 14, 15, 65 
Mesenteric blood vessel, 54 
Mesobronchi (imrapulmonary pri mary bronchi), 176 
Mesometrium, 230 
Mesothelium, 46,79,83, 153, 184 



l'v'etamyelocyte, 38, 40 

Metarubricyte (orrhol:nromatophiJic erytnrobl:ISt), 38, 39, 
40 

;\'tetemus, 222, 223, 231 
Methylene blue stains, 3 
Microplacentome, 234 
Microscope use tips, 3- 6 
Midd lr ear, 261,262 
Middle phal anx, 106 
Mirotic figure, 39, 147 
Mixed gland 

digestivr system, 120,124,130,131, 132, 136 
ear, 265 

respiratory system, 179, 1 RO, 181, 182 
Modiolus, 262, 266 
Molecular layer, 46, 47, 48 
M onocyte, 28, 29, 30, 31, 32, 33, 35, 36 
Mordant, 3 
MUCOsa. See dso Mu scularis mucosac; Submll cosa 

digest ive system, 119, 138, 139, 144,145,147,148, 149, 
150, 154 

fcmale reproductive system, 222-223, 141 
lymphatic system, 72 
urinary system, 164 

Mucous al:inus 
digestive system, J 22, 128, 129, 13 0, 154 
eye, 255 
lym phatic system, 73 

l"lucous cell, 189, 20 I, 213 
Mucous connective tissue, 14, J 5, /14, J 15, 171 
Mm;ous gland 

digesrivesystem, 120, 124,127, 131, 132,133 , 144, 157 
respiratory system, 185,186 
urinary system, 172 

Mucous membrane. See Mucosa 
Mucous neck cell , 138 
Mucous precursor, 139, 140 
Mu h ilaminar (b te primary) follicle, 221 
Mu ltilOCular far cell , /1 7 
Multinucleate giant cell, 77 
Multipolar neuron, 49, 50, 54 
Mu ltipolar region, 5S 

i\'luscie, 41 -44. See also Skeletal mu scle; Smooth muscle 
A band, 4 1, 43 
:mcriole, 42 
band,148 
bifurca tion, 44 
capillary, 42, 44 
ca rd ia\.: muscle, 41 , 44 
connective tissue, 42 
defined, 41 , 42 
digestive systrm, J 27 
endomysiuTll, 41 , 42, 43, 44 
epimysium, 41 
fearher,55 
H band, 41, 43 
I h;) nd, 41, 43 
intercalated di sc, 4 1, 44 
myofibrils, 41, 43, 44 
perimysi uIII, 41, 42 
skeleta l muscle, 41, 42, 43, 44 
smooth muscle, 4 1,42 

tendon, 42 
vcnule,42 
Z h;)nd, 41, 43 

Muscularis. See a/so M uscula ris externa; Muscularis lIIucosae 
digestive system, 154, 155 

female reproductiye systelll , 222-223, 224, 228, 237, 241, 
242,243 

Iymph;)tic system, 84 
male reproduct ive system, 21 0, 211 
respiralOry system, 181, 182, ' 83 
urinary system, 164, 171,172,174 

,\tlust·ularis externa 

digestive system, 119, I ] I , "/32, 1]3, 134, 135, 136, 138, 
139, 140, 141, 143, 144, 145, 146, 147, 148, 149, 150, 
1.57, 158, 159 

lymphatic system, 72, 73,83 
nervous system, 51 
respiratory system, 180 

Mu~cu l a rj s mucosae 

digesti ve systl."m, 11 9, /31, 132, 133, 135, /36, 137,138, 
139,140,141,143,145,146,147,148,149,157,159 

nervous system, 51 
urina ry SYSTem, 172 

Myelin shea th, 52, 53 
Myelobl ast, 38 
M ydoc}'le, 38, 39, 40 
M yocardium, 58, 64, 66 
Myoepithelial cell 

eye, 246, 249, 251 
integument, 86, 90, 100,101,103 
pigmemed myoepithelial cell, 246 

M yofibrils, 41, 43, 44, 66 
t.,·!yoid cell, 7 1, 84, 104,207,208 
Myometriulll, 222, 229, 230, 231, 232, 235 

Nasal cavity, 175, 176,178, 185 
Nasal conch;) , 178 
Nasal gland, 179 
Nasolabia l gland, 90 
Nasopharynx, 175, 179 
Nephrons, 164 
Nerve 

honc,25 

cardiovascubr system, 61, 62, 63, 66, 67 
crn:hlear nervc, 266, 267 
digcstive SYSTem, 145 
car, 264, 266. 267 
eye, 149, 253, 259 
facial nerve, 264 
nervous system, 51, 53, 54, 55 
optil: nerve, 249, 253, 259 
respirator), system, 185, 186 
small encapsulated nerve en dings, 54 

Nerye fascicles, 52, 53 
Nerve fiber, 50, 5 1, 53, 253, 254, 259 
Nen'ous system, 45-55 . See also Ear; Eye 

adipose ri ss ue, 5.1 
arachnoid layer, 47 
arteriovcnous shunt, 54 
astrocytc, 48 
Auerhach's plexus, 51 
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Nervous system (Continued) 
axon, 45, 52, 53,55 
axon hillock, 50 
blood vessel, 46, 53 
bone, 55 
brain sand, 48 
capillary, 48 
capsule, 54 
central canal, 49, 50, 54, 55 
central nervous system, 45 
cerebel lum, 46, 48 
cerebra l cortex, 46 
cerebrospinal fluid, 47 
choroid plexus, 48 
cilia, 50 
collagenous fiber, 47 
core, 55 
dendrite, 46, 50 
dermis, 55 
dorsal root ganglion, 50, 51, 55 
dura mater, 46 
endoneurium, 52 
epidermis, 55 
epineurium, 51 
epithelium, 48 
fibrous astrocyte, 48 
fluid -fi lled space, 54 
fourth ventricle, 48 
glycogen body, 54, .15 
granular layer, 46, 48 
gray matter, 49, SO, 54, 5.1 
Herbst corpuscle, 55 
inner core, 54 
Meissner's plexus, 51 
meninges, 45, 47 
mesenteric blood vessel, 54 
mesothelium, 46 
molecular layer, 46, 47, 48 
multipolar neuron, 49, 50, 54 
multipolar region, 55 
muscle (moves feather), 5.1 
muscularis externa, .11 
muscularis mucosae, 51 
myelin sheath, 52, .13 
nerve, 51, 53, 54, 55 
nerve fascicles , 52, .13 
nerve fiber, 50, .11, 53 
neuromuscular spindle, 54 
neurons, 45, 48, 50, 51, 54, 55 
nissl granule, 50, 51 
nuclear bag fiber, 54 
nuclear chain fiber, 54 
nucleolus, 50 
nucleus, 50 
outer core, 54 
pacinian corpuscle, S4 
pancreas, 54 
parasympathetic ganglion, 51 
perineuriulll, 51, 52, 53 
periosteum, 46 
peripheral nervous system, 45 
perivascular space, 48 

310 INDEX 

pia mater, 46, 47, 48 
plexus, 51 
Purkinje cell, 46, 48 
pyramidal cell, 46 
satellite cell, .11 
Schwanil cell, 45, 53 
Sharpey's fiber, .15 
silver stains for, 3 
skeletal muscle, 54 
skull, 46 
small artery, 47 
small encapsulated nerve endings, 54 
space arrifact, 5), 55 
spinal cord, 49 
subarachnoid space, 46 
submucosa, 51 
unipolar neuron, 55 
ventral roer, SS 
venule, 48 
villus, 48 
white matter, 46, 49, 54, 55 

Neuroglial cell (pituicyte), 192, 197, 201 
Neurohypophysis, 191, 192, 193 
Neuromuscular spindle, 54, 185 
Neurons 

cardiovascular system, 66 
nervous system, 45, 48, 50, 51, S4, 5S 

Neutrophil 
blood, 28, 30, 31,32, 33, 34, 3S 
bone marrow, 40 
connective tissue, 13, 15 
female reproductive system, 238, 239 

Neutrophilic band cell, 39, 40 
Neutrophilic metamyelocyte, 40 
Nictitating membrane, 247, 248, 254, 255 
Nissl granule, 50, 51 
Nonpigmented epithelium, 251, 257, 258 
Nonsinusal spleens, 70 
Normoblast (orthochromatophilic erythroblast), 38, 39, 40 
Nose, 86, 89, 100 
Nostrils, 175, 176 
Nuclear bag fiber, 54 
Nuclear chain fiber, 54 
Nuclei stack, 112, 115 
Nucleolus, 50 
Nucleus, SO 

Odontoblast, 123 
Olfactory cell, 178 
Olfactory epithelium, 175, 176, 178, 186 
Omasum, 135, 136 
Oocyte, 221, 223, 225, 239, 240 
Optic disc, 247, 249, 253 
Optic nerve, 249, 253, 259 
Ora ciliaris retinae, 246, 249, 252 
Oral cavity, 115 
Orcein stain, .3 
Organ of Coni, 26),266,267 
Oropharynx, 119, 130, 131,175 
Orthochromarophilic erythroblast (normoblast, metaru bri

cyte), 38 , 39, 40 
Os penis, 205, 213, 214 



Osseous spi ral lamina, 262, 266 
Ossicles,261 
Osteoblast, 21, 22,23,24,38,39 
Osteoclast, 21,22,24, 38,39 
Osteocyte. 21, 22, 23, 24, 25 
Osteoid,22 
Otoconia (m olith). 262, 265 
O tolith (otoconi a, sraroconi3), 262, 265 
Otolithic membrane. 265 
Outer core, 54 
Outer nuclear layer, 253, 254, 259 
O uter plexiform layer. 253, 254, 259 
Queer root sheath, 96, 98, 99, 100 
Ovarian cortex, 221, 223. 225 
Ovaries, 221-222, 223, 225, 226, 227, 239, 240 
Oviduct, 222, 224, 227, 228, 229, 240, 24 1, 242, 243 
O xyphilic cell, 192 

Pacini an corpuscle, 54, 91, 12 1 
Palatine bone, 124 
Palatine ridge, 115 
I'alarinc tonsil, 69- 70, 73 
Palpebral conjunctiva, 24 7, 249, 250, 251, 25S, 256 
PALS (peria rterial lymphatic sheath), 70, 80 
Pancreas, 54, 61 , 121, 155, 156, 161 
Panerh cell, 144 
Papilla , 87, 119, 136 
Papilla ry duCf, 163, 169, 170, 171 
Papillary layer, 85-86 
Para basal cell, 223, 238, 239 
Parabronch i (tertiary bronchi), 177,1 88,189 
Paraepiglottic ronsil, 69, 70, 73 
Paraffin procedure, 1, 2 
Para folliclil ar (e) cell, 192, 197 
Parasympa thetic ganglion, 51 
Pa ra thyroid gland, 192. 193, 197, 198 
Parenchyma cell, 66, 70, 19 1,192, 193 
Parieta l (capsular) epithelium, 164, 167, 168 
Parietal cell , 120, 137, 138, 139, 140 
Parietal pleura, 185 
Pa rieTal prepuce, 217 
Parotid gland, 127,128 
Pa rs ciliaris re tinae, 246, 249, 250, 252 
Pars convoluta (cortical labyrimh), 163, 166 
Pars disseminata (disseminate portion prostate), 204, 212, 

213 
Pars distalis, 191, 193, 194, 195, 196, 200, 201 
Pars intermedia, 191-192, 194, 19S 
Pars iridiea retinae, 246, 24 9 
Pa rs nervosa, 192, 194, 195, 200 
Pars radiata, 166, 169 
Pars tuhera lis, 192, 193, 194, 195, 196, 200, 201 
Pecten, 247, 259 
Pectinate ligament (uveal meshwork ), 246, 247, 250, 251, 

254,257, 258 
Pelvic urethra, 204 
Penicillus, 70 
Penile ure thra, 204, 214, 215 
Penis, 203, 204, 205, 213, 2 14 
Periarterial lymph atic sheath (PALS), 70, 80 
Pericard ial cavity, 66 
Pericardium, 58, 66 

Pe richondrium, 19,20, 181 
Perilobular collecting duct, 165 
Perilymph, 262 
P~ri lymphatic space, 267 
Perimetrium (serosa), 222 
Peri mysium, 4 1, 42 
Perineurium, 51,52, 53 
Periodontal liga ment, 123 
Periopl ic dermis, 108, 110 
Perioplic epidermis, 110 
Perioplic region of hoof, 108,1 09 
Periosteum, 25, 46, 11 5 
Peripheral nervous system, 45 
Peritoneum , 203, 205 
Perivascular space, 48 
Perivitell ine: membrane:, 223, 240 
Pessu lus, 176, 187, 188 
Peyer's patch, 69, 72, 73, 120 
Pharynx, 175, 176 
Photosensitive: retina, 246 
Pia mater, 46, 47, 48 
Pig 

blood, 32 
cardiovascular system, 59, 60, 61, 62, 63, 64, 66, 67 
cartilage, 20 
connttt ivc tissue, 17 
digestive system, 124, 130, 132, 133, 137,144, 149, IS3, 

154, ISS, 156 
epithelium, 11 
~ye , 251, 252, 253, 255, 256 
fema le reproductive system, 226, 235 
fold, 8 
integument, 90, 97, 101 
lym phatic system, 72, 75, 80 
ma le reproductive system, 206, 207, 211, 213, 21 5, 21 7 
muscle, 42, 44 
nervous system, 51, 52, 53 
respiratory syStem, 183, 184 
urinary system, 168, 169, 172 

Pigmented columnar cell, 246 
Pigmented epithelium, 251, 253, 254, 257, 258, 259 
Pigmented gran ule, 263 
Pigmented myoepithelial cell, 246 
Pinea l gland (epiphysis cerebri), 192, 193, 197, 201, 202 
Pineal stalk, 197 
Pinealocyte, 192, 197 
Pinna (auricle), 261 
Pinna, integument, 98 
Pituicyte (neu roglial cell) , 192, 197, 20 1 
Pituitary gland (hypophysis), 191-192, 193, 194, 195, 196, 

200,201 
Placema, 222, 232, 233, 23 4, 235, 236 
Pl acentallabyrimh, 232, 234 
Placentome, 235 
Planum nasa Ie, 88 
Planum nasolabiale, 90, 9 1 
Planum rostra Ie, 90 
Plasma, 27, 30, 59, 60, 67 
Plasma cell , 13, 15, 16, 39, 180,260 
Platelet, 27, 28, 3 1, 32, 34 
Plexus, 51 
Plica (fol ds), 157 

' INDEX 311 



Pluripotent stem cell, 37 
Pointer in ocular, 3 
Polychromatophilic erythroblast (rubricyre), 38, 40 
Polymorphonuclear leukocyte, 28 
Pore, 157 
Porral tracr (area), 120, 153 
Portal vein, 62, 152,153 
Postcapillary venule, 70, 77 
Posterior chamber, 245, 249, 250, 257 
Posterior epithelium, 245-246, 252, 258 
Precentrum, 113 
Predelltin, 123 
Preen (uropygial) gland, 87,117,118 
Prepuce, 205, 217, 223 
Preputial gland, 217 
Primary bronchi, 75,177,181,187,188 
Primary center of ossification, 22 
Primary duct, 87,118,157 
Primary fold , 236, 241, 243 
Prima ry follicle, 221, 222, 225 
Primary hair, 98 
Primary lamina, 108 
Primary oocyte, 221 
Primary spermatocyte, 203, 207, 208, 217, 2 18 
Primordia l follicle, 22 1, 225 
Principa l (chief) cell, 192, 198,202 
Proctodeum, 160 
Proerythrocyte, 37 
Proestrus, 222, 223, 229, 238 
Promyelocyte, 38, 40 
Prorubriq,te (basophilic erythroblast), 37- 38, 39, 40 
Prostate gland, 204, 212 
Proteoglycans, 19 
Proventriclllus, 121, 157, 158 
Proximal convoluted tubule, 163, 164, 167, 168, 169, 173, 174 
Pseudostratified columnar epithelium, 9, 10, 175, 224, 241 
Pseudostratified epithelium 

car, 265 
female reproductive system, 222, 231, 242, 243 
lymphatic system, 84 
male reproductive system, 204, 209, 210, 211, 212, 219 
re~pirawry system, 178, 179, 180, 181, 182, 185, 186, 

188 
urinary system, 163,165,174 

Pulmonary artery, 63, 64, 65 
Pulmonary vein, 185 
Pulmonic (semilunar) valves, 65 
Pulp artery, 70 
Pupil, 246, 249 
Puppy, See Dog 
Purk inje cell, 46, 48, 66 
PyknOTic ccll, 96, 100 
Pyknotic nucleus, 185 
Pyloric gland, 140, 142 
Pyloric gland region, 120, 140, 141 
Pyramidal cell , 46 

Queen , See Cat 
Quill (calamus), 87, 113, 114 

Rachis, 87 
Ram. See Sheep 
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Raphe, 267 
Rathke's pouch, 191, 19\ 194, 195 
Rectoanal junction, 149, ISO, lSI 
Rectum, 120, 149 
Red blood celL See Erythrocyte 
Red pulp, 70, 7 1, 79, 80, 81, 83 
Regenerat ing gland, 241, 242 
Reissner's (vestibular) membrane, 262, 266 
Relocating structures, 6 
Renal artery, 62 
Renal corpuscle,! 64, 166, 167,1 73 
Renal papilla, 163, 169, 170 
Renal pelvis, 163 
Resorcin fuchsin (Wcigert's) stain for clastic fiber, 3 
Respiratory bronchiole, 176, 18] 
RespiratOry epithelium, 178, 185 
Respira tory system, 175--189 

abdominal air sac, 189 
adipose tissue, 179, 180, 181 
air capillary, 177, J 89 
air sac, 177, 189 
;Jlveobr duct, 176, 183 
alveolar sac, 176,183 
alveolar septum, 184 
;Jlveollls,! 76, 182, 183, 184, 185 
arytenoid carti lagc, 179, 180 
atrium (air vesicle), 177, 188, 189 
bas;J1 celi, 178, 185, 186 
bone, 178, 189 
bony tracheal ring, 186, 187 
Bowman's glan d, J 75, 178, 186 
bronchi, 175, 176-177,182,184 
bronchial cartilage, 188 
bronchial rings, 186, J 87 
bronchiole, 176, 182 , 183, 184 
cartilage, 178 
cartilaginous tracheal ring, 186, 187 
caudal larynx (syrinx ), 176, 187, 188 
C;Jvernous vein,178 
cavity of air sac, 189 
chicken, 176- 177, 185- 189 
cil iated pseudostratified columnar epithelium, 176, 177 
col unmar epithelium, 182 
connective tissue (lamina of), 189 
crania l la rynx, 176 
cuboidal epithelium, 177, 183 
duct, 179 
ebstic band, 182, 184 
elastic cartilage, 176, 179 
elastic fiber, 180, 181, 18.1, 188 
epidermis, 185 
epiglottis, 176, 179 
epithel ium, 189 
erythrocyte, 184, 189 
esophagus, 180 
extrapulmonary primary bronchi, 176, 177, 181 
fibroelastic membrane, J 81 
glottis, 179 
gobletccll, 175, 176,178,180,181,182 
granulocyte, 189 
humerus, 189 



hya linecil rti lagc, 176, 180. 18 1, 182 
intercalated duct, }79 
intercos tal muscle, 185 
intcr5yring~a ! carti lages, 176 
in r[.1pu!monary primary bro nchi (mcsobronch i), 176 
la mina propria, 175, 176, 179. 180, 18 / , 182, 185 
la rynx, 175, 176 
lungs, 176-177, / 85.188, 189 
lymphatic nodule, J 82 
lymphatic (issue, 188 
macrophage (his tiocyte), 175, '.83 , 184, 189 
mamrnn is, 175- 176, 178- /85 
medi:l! bronchia l wall , 187 
mesothelium, 184 
mixed gland, 179, 180, 181. 182 
mucous cell , 189 
mucous gland, 185, J 86 
muscula ris, 181, 182, 183 
musnilaris t"xtcrna, 180 
nasal ca vity, 175, 176, 178. 185 
nasal concha, J 78 
na~a l gland, 179 
na>opharynx, 175, 179 
nerve, 185, 186 
neurom uscular spindle, 185 
nostri ls, 175, 176 
olfactory cell, J 78 
olfactory epithelium, 175, 176,178, 186 
o ropha rynx, 175 
pa rabronchi (tcrtia ry bro nch i), 177, 188, 189 
pa rieta l pleu ra, 185 
perichond rium, 18 1 
peSSUI U5, 176, 187, 188 
pharynx, 175, 176 
p las ma cell , 180 
pr ima ry bro nch i, 177, 181, 187, 188 
pseudosrrat ificd columna r epit hel ium , 175 
p~e ll d ostratified epi thel iu m, 178, 179, 180, 18 / , 182, 185, 

186,1 88 
pulmo nary vein, 185 
p),knotic nucleus, 185 
respirato ry bronchi ole, 176, 183 
respirato ry epiTheli um, 178, / 85 
respirato ry region, 176 
secondary bronchi, 176-1 77, 188, 189 
sellSory hairs, 178 
septum, 184, 185 
scrous acinus, 179 
serou s glan d, 1 78, 180, 182 
sim ple squamous epithelium, 189 
skeletal muscle, 179, 180, 186 
smomh muscle, 183, 185,188, 189 
squa mo us cell , 176, 177 
stra ti fied columnar epitheliu m, 188 
sn a rified squamous epi thel iu m, 175, 178, 179, 180, 186, 

187, 188 
striated d uct, 179 
submucosa, 175,1 76,179,180 
suppo n ing cell, / 78, 186 
syringeal ca rt ilage, J 87, 188 
syrinx (ca udal hlr )'nx ), 176, /87, '188 
taste buds, J 79 

. 

tra(;hea, 175, 176,180, 18 1, 186, 187 
trachea l g la nd, 181 
t racheal is muscle, 176, / 80, J 8 1 
(urbina ,e cartilage, 185 
t)'mpan ic membra ne, [76, 18 7, 188 
Type II alveo lar cell, 184 
vestibu lar epitheli um, 185 
vestibule, 175,176 
viscera l p leura, 176,1 84 
v()Ca l fo ld, 180 
v()Cal ligamellt, 180 

Rest ing gla nd , 241, 242 
Rete ovari i, 22 1, 22 7 
Rete tes tis, 204 , 205, 206, 208, 209, 21 7, 21 8 
Reticular cell, 72, 77, 78, 83 
Reticu lar fi ber 

connective t issue, t 3, 18 
digestive system, 161 
lymphatic system, 76 
silver sta ins fo r, 3 
ur ina ry system, 171 

Ret icular layer, 86 
Ret icular st ructure, 71, 84 
Ret icula r tissue, 14, 18 
Reticulate scale, 11 6 
Reticulocyte, 38, 40 
Ret iculum, '/34, 135 
Retina, 245, 246-247, 247, 249, 252, 253, 254, 259, 260 
Ret inal tun ic, 245 
Retractor penis muscle, 2 75 
Right a uricle, 64 
Rods, 253, 254, 259 
Romanovsky (Wright'S a nd Giemsa's) stains, 3 
Rooster. See Chicken 
Rosene, 202 
Rouleaux, 27, 28 
Ru briC)' te (po lychromato philic erythroblast ), 38, 40 
Rumen, 134 

Sacculus, 262, 264, 265 
Sa livary gland, 70, 73, 74, 12 1, 156 
Satell itc cell , 5 '1 
Sca la media, 267 
Sca la Tympani, 262, 266, 267 
Sca la vestibuli, 262, 266, 26 7 
Sca les, chicken, 87 
Schi Ws reagent, 13 
Schwan ll cell, 45, 53 
Sclera, 245, 247, 249, 250. 251, 252. 2S3, 254, 256, 25 7, 258 
Scleral cartilage, 247, 257, 258, 259, 260 
Scleral ossicles, 247, 257, 258 
Sderal trabccular meshwo rk, 247- 248, 25 7 
Scleral venOllS p lexus, 246, 249, 250 
Scra tches (k nife marks), 8 
Scrotum, 97, 98, 203 
Scutes, 1/ 6 
Se bnceou s gland 

digestive syStem, 122, 150, 151 
ea r, 263 
glands of Zeiss, eye, 247, 256 
integument, 86, 89, 94, 95, 97, 98, 99,1 00, 101 , 102, 104 
male reprod uctive system, 21 7 
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Sebaceous zone, 87, 117, 118 
Secondary bronchi, 176-177, 188, 189 
Secondary duct, 157, 158 
Secondary fold, 236, 241, 243 
Secondary laminae, 108 
Secondary spermatocyte, 203 
Secretion, 103, 211 , 212 
Secretory acinus, 91 
Secretory bleb, 228 
Secretory cell, 101, 103,213 
Secretory gland, 241, 242 
Secretory portion, sweat gland, 100 
Secretory (striated) duct, 128, 129, 130,179 
Secretory tubule, 260 
Secretory unit, 102, 103, 128, 143, 144, 145 
Section (specimen) 

interpretation, 3, 4-5 
preparation, 1-3, 2 
sectioning with microtome, I , 2, 3 

Semicircular canal, 262, 267 
Semicircular duct, 262, 267 
Semilunar (pulmonic) valves, 65 
Seminal vesicle, 104, 211, 212 
Seminiferous tubule, 203 , 205, 207, 208, 217, 218 
Sensory cell, 125, 265 
Sensory hair cell, 262 
Sensory hairs, 178 
Separation (space) artifact, 8 
Septa, 203 
Septum, 81, 84, 184, 185 
Serosa 

digestive system, 119, 133, 138, 140, 143, 145, 147, 148, 
152, 157, 159 

female reproductive system, 222-223, 228, 241 
lymphatic system, 80, 81 
male reproductive system, 210, 211 
perimetrium, 222 
urinary system, 174 

Serous acinus 
digestive system, 122, 128, 129, 154 
eye, 255 
lymphatic system, 73 
respiratory system, 179 

Serous cell, 213 
Serous demilune 

digestive system, 122, 128, 129, 130 
lymphatic system, 73 

Serous gland 
digestive system, 127, 144 
respiratory system, 178, 180, 182 

Serous membrane. See Serosa 
Scrtoli cell, 203 , 204, 205, 207, 208, 217, 218 
Serum, 27 
Sex cord, 206 
Sharpey's fiber, 25, 26, 55 
Sheath, 86 
Sheathed artery, 71, 83 
Sheathed capillary, 70 
Sheep 

blood, 33, 34 
bone, 26 
cardiovascular system, 59, 60, 64 
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connective tissue, 18 
digestive system, 122, 124,128,129,133, I34, 135, 136, 

139,145,156 
endocrine system, 200 
eye, 253 
integument, 97, 98, 100, 101, 102, 104 
lymphatic system, 76, 77, 78, 81 
male reproductive system, 208, 211, 212, 213, 2 IS, 216 
muscle, 42 
nervous system, 46,47,49,50 
respiratory systcm, 179, 181, 183 
urinary system, 167 

Shell gland (uterus), 224, 243 
Silver stains, 3, 13 
Simple columnar epithelium, 137, 139,140, 151, 160 
Simple epithelia, 9, 10 
Simple squamous epithelium, 189 
Single hair foll icle, 86 
Sinus capillarr, 114, 115 
Sinus pad, 99 
Sinus (tacti le) hairs, 86, 89, 99 
Sinusal spleens, 70 
Sinuses, 70 
Sinusoid 

bone, 24 
bone marrow, 37, 38 
digestive system, 120, 152, 153, 161 
endocrine system, 191, 196, 198, 199, 200, 201, 202 
vascular sinusoid, 37, 38 

Skeletal muscle 
cardiovascular system, 59, 60 
defined, 41, 42, 43, 44 
digestivrsystem, 122, 125, 127, 130, 132, 133, 151, 160 
eye, 256 
integument, 91, 94 
lymphatic system, 73 
nervous srstem, 54 
respiratory system, 179, 180, 186 

Skin and skin derivatives. See Integument 
Skull,46,200,201 
Small artery, 47,57,59,60,61 ,148 
Small encapsulated nerve endings, 54 
Small intestine, 120 
Small vein, 57, 59, 60 
Smegma, 216 
Smooth muscle 

cardiovascular system, 59, 64 
digestive system, 133, 138, 160 
epithelium, 10, 11 
eye, 256 
integument, 98,103,104,105,118 
lymphatic system, 76, 77, 80, 81, 83 
male reproductive system, 203, 204, 209, 210, 213, 214, 

215,216,219 
respiratory srstem, 183, 185, 188, 189 
urinary system, 167 

Smudged cell, 30, 32, 36, 39 
Soft palate, 124 
Sole, hoof, 106, 108, 109, 110 
Sow . See Pig 
Space artifact 

d igestive system, 123, 127 



endocrine system, 198 
eye, 252, 258, 259 
fem ale reproduct ive system, 235 
nervous system, 52, 55 

Spaces of Fontana, 246, 248, 250, 251,257 
Sperm-host gland, 224, 243 
Spermatids, 203, 207, 208, 217, 218 
Spermatogen ic cell, 203-204 
SpermatOgonium, 203, 207, 208, 217, 218 
Spermatozoa, 203, 209, 210, 211, 218, 219 
Sphincter (constr ictor) muscle, 246, 249, 251, 257, 258 
Spinal cord, 49 
Spine, 125 
Spiral colon, 149 
Spiral ganglion, 266 
Spiral ligament, 262, 266 
Spiral limbus, 262, 266 
Spira l tunnel, 266 
Spleen, 70-71, 79, 80, 8 1, 83 
Splenic a rtery, 70 
Spongy bone, 2 1, 22, 23, 213 
Spongy layer, 232, 234 
Spur, 116 
Squamous cell, 57, 176,177 
Squamous epithelium, 9, 10,221,258 
Stain precipitate, 8 
Staining specimen, 2, 3 
Stallion. See Horse 
Stapes, 261, 264, 265 
Sta toconia (otolith), 262, 265 
Stellate reticulum, 122, 123 
Stem cell, 100 
Stereoci lia, 210, 262 
Stomach, 121, 134 
Straight tubule, 204, 205, 206, 208, 218 
Stratified columnar epithelium, 11, 188, 214, 255 
Stratified epithelium, 9, 10, 11, 2.17 
Stratified squ.lmous epithelium 

defined, 10, 11 
digestive system, '1 19, 122, 124, 126, 127,130,131,132, 

133, /34, 135, 136, 13 7, 150, 151, 156, 157, 160 
cye, 255, 258 
fcmale reproductive system, 236, 237 
integument, 105 
lymphatic system, 73, 74 
male reproduct ive system, 205, 216, 2 17 
respi ra tory system, 175, 178, 179, 180, 186, 187, 188 

Stratum basa le 
digestivc system, 124 
integument, 85, 88, 89, 90, 92, 93, 94, 97, 105, 107 

Stra tum cavernosum (vascula r stra tum), 204, 212 
Strarum compactum, 120, 138, 141, 146 
Stratum corneum 

digestivc system, 124 
integument, 85, 87, 88, 90, 92, 93, 94. 97, 105, 107, 112, 

113,114,115, 116 
Stratum germi na tivu!l1, 87, 1 12,113, 114, 11 5, 116, 117 
Stratum granulosum 

digestive system, 120, 122, 138, 141,151 
integument, 85, 88, 92, 93, 97 

Stratum inrermedium , 123 
Stratum inrernum, 108 

Stratum lucidum, 85, 92 
Stratum medium, hoof, 108, 109, 111 
Stratum spinosum 

digest ive system, 124, 125 
integument, 85, 88. 89, 90, 92, 93, 94, 97, 105, 107 

Stratum tectorium, 108 
Stra tum vaseula re, 222, 229, 230 
Stria vascularis, 262, 266 
Striated border 

digestive system, 120, 142, 144, 148, 149, 154 
epithel ium, 10 

Striated duct, 128, 129. 130, 179 
Stroma 

endocrine system, 198 
female reproductive system, 223, 225 

Stroma (subst3nti a propria), 245-246, 246, 251, 252, 258 
Subarachnoid space, 46 
Subcapsuhlr sinus, 70, 74, 76, 78 
Subcapsular vein, 167 
Subcutis, 87, 88, 94 
Sublingu.tl gland, 130 
Submandibular gland, 128, 129 
Submucosa 

digestive system, '1'19, 120,124,131,132 , 133,134,135, 
137, l38,139, 140, 141, 143, 144, 145, 146,147,148, 
149,157,158,159 

fema le reproductive system, 228 
lymphatic system, 72, 73 
nervous system, 51 
respiratory system, 175, 176, 179,180 
urinary system, 164, 172 

Substamia propria (stroma), 245-246, 246, 251, 252, 258 
Sulcus, 116, 12 1, 157 
Superficial cell, 223, 238, 239 
Superficia l COrtex, 167 
Superficial gla nd of the nictitating membrane, 247, 255 
Superficial intermediate cell, 223, 238, 239 
Supporting cell 

digestive system, 125 
ear, 262, 265, 267 
male reproductive system, 206 
respiratory system, 178, 186 

Suprachoroid 13yer, choroid, 246 
Supraghllldular layer, 232 
Su rf.tce epithelium, 158 
Surface groove, 88, 90 
Surface mucous cell, 138, 140, 142 
Sustentacular (type II) cell, 67 
Sweat gland 

cardiovascula r system, 60 
duct of, 90, 9 1, 92, 98, 100, 101 
glands of Moll, eye, 247, 255, 256 
integument, 86, 88, 89, 95, 96, 97. 100, 101,102,103 
merocrine Sweat gland, 90, 91,106 
secretory porrion, sweat gland, 100 

Syndesmochorial placenta, 222 
Srnovial cavity, 264 
Synovial fold, 26 
Syntrophoblast, 233 
Syringeal carrilage, 187, 188 
Syrin x (caudal larynx), 176, 187,188 
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Taenia ceci, 120 
Taenia coli, 120, 148, J49 
Tail of epididymis, 204 
Tapetal cell, 254 
TapelUllllucidulll, 146,249,253,254 
T arsal (Meibomian) gland, 247, 255, 256 
Ta rsus, 247, 2Si, 256 
'L1Ste buds 

digestive system, 119, [2 [, 125, 126, 156, 157 
respirat ory system, 179 

Tea t, 103 
Teat canal , 105 
Tear sinus, 103, 104, 105 
Tectorial membrane, 262, 266, 267 
Tegmentu m, 262 
Tegmentum vaseulosum, 262, 267 
Temporal bone, 264, 265, 266 
Tendon 

bone, 25, 26 
connective tissue, 17,18 
clastic tendon, 114 
extensor tendon, 26 
integument, 114. 117 
muscle, 42 

Territorial marrix, 19, 20 
Tertiary bronchi (parabronchiJ, 177, 188, 189 
Tertiary duct, 157, 158 
Tertiary fold, 236, 241 
Tertiary (G raafian ) folli cle, 222, 22 6 
Testis, 203, 205, 206, 207, 21 7, 218 
Thec:1 externa , 22]-222, 223, 225, 226, 240 
Theca folliculi, 221, 225 
Theca interna, 221 - 122, 223, 225, 226, 240 
Theca lutein cell, 226 
Thick skin, 85 
Thin skin, 85 
Thrombocyte, 29, 35 
Thymic (Hass:1l1's) corpuscle, 70, 71, 82 
Thymic tissue, 83 
Thymus, 70, 71, 81, 82, 83, 84 
Thyroid gland, 192, 193, 197, 198 
Toluidine blue sta ins, 3 
Tomial edge, 115 
Tongue, '! 19, 156 
Tonsil, 69-70, 7J 
Tonsillar follicle, 69 
Tooth, 122, 123 
Tra becula 

connective tissue (rrabccula of), 215 
endocrine system, 192 
eye, 246 
integument, 99 
lymphatic system, 70, 74, 76, 77, 79, 80, 81 
male reproductive system, 2 I 2,215, 216 

Trabecular artery, 70 
Trachea, 175, 176, 180,181. 186, 187 
Tracheal gland, 181 
Trachealismuscle, 176, 180, 181 
Tracheobronchial lymph node, 75 
Transferring sections to slide, 2, 3 
Transi Tional epithelium 

defined, 9, 11 
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female rcproducti ve system, 237 
male reproductive system, 212, 2 I 3. 216 
urinary system, 171, 172 

Tr:msitionallayer, 87,114 
Transitional 'lOne, 204, 208 
Trichrome (Mallory's and Masson 's) srains, 3 
Trophoblastic projection, 233 
Tubal tonsil, 69, 70 
Tubular ceruminous gland, 26 [ 
Tubular gland, 120, 160, 242 
Tu bu lar horn, 108 
Tubular mucous unit, 129 
Tunica advcnritia 

cardiovascula r system, 57, 60, 61, 62, 63, 65 
female reproductive system, 230 

Tunica albuginea 
female reproductive SYSTem, 221, 223, 225 
male reproductive system, 203 , 205, 207, 208, 209, 214, 

2JS, 216, 218 
T unica intima 

cardiovascular syStem, 57, 6 1, 62, 63, 64, 65 
female reproductive sysrcm, 230 

T unica mf'dia 
cardiovascular system, 57, 61, 62, 63, 64, 65 
female reproductive system, 230 

Tunica vaginalis, 203, 207, 209 
T urbinate carrilage, 185 
Tympanic cavity, 261, 263, 264 
Tympanic membrane 

car, 261,262,263,264 
respiratory system, 176, 187, 188 

Type 1 cell {of macula) , 265 
Type [ (glomus) cell, 67 
Type 11 (alveolar) cell, 184 
Type 11 (su5tentat'ular) cell, 67 

Ultr iculus, 264 
Umbilical anery, 63 
Undifferentiated epithelial cel l, 7 1, 84 
Unguinal scalf', 11 7 
Unipolar neuron, 55 
Urachus, 171 
Urcter, 164, 165, lll, 172, 174 
Urethra 

corpus spongiosulll (corpus Cllvernosum urethra), 204, 
2/3, 214 

female reproductive system, 237 
male reproductive system, 204- 205, 212, 213, 214, 215,2 I 6 
pelvic urethra, '104 
penile urethra, 204, 214, 215 
urinary 5)"Stem, 163, 164 

Urethral epithelium, 23 7 
Urethral pouch, 2Ui 
Urethral process, 205, 2 16 
Urinary bladder, 164, 172 
Urinary space, 164,1 67, J68, J69, 174 
Urina ry system, 163-174 

adipose tissuc, 166,169 
adventi tia, 164, 165, 171 
afferent a rteriole, J68, 169 
Bowman's capsule, J64 
brush border, 163, 168 



capilla ry, 172 
capsular (parietal) epithelium, 164, 167, 168 
cap~ulc, 163, 166, 167 
cavity of renal pelvis, 169, 170 
central (in tralobular) vein, 164 
chicken, 164-1 65, 173- 174 
cloaca, 164, 165 
collecting duct, 1 74 
co llecting tubule, 163, '[ 64-165, 167, 168, 169, 170, 171. 

174 
co lumnar epitheliulTl, 163 
con ncnive tissuc, 167 
conncnive tissue (c.l psule of), [63 
cortex, k id ney, 163, 166. 168, 173. 174 
corric:! ! nephrons, 164 
distal convoluted cell , 164 
d istal convo luted tubule, 163, 167, 168, 173, / 74 
efferent a rteriole, 169 
erythrocyte, 171, 174 
fat vacuole, 167 
glomerular (\'isceral ) epithelium, 164, 167, 174 
g lomerulus, 164 
Hen le's loop, 164,169. 170,171.174 
hilus region, 164 
intralobular vein, 173 
juxtaglomerular cell, 164, 168 
kidney, 163-164, 173 
lam ina propria, 164, 171. 172 
lobule, 164 
loop of I-Ienle, -164, 169, 170, 171, 174 
lympha t ic t issue, 174 
macula dcnsa, 164, 167, 168,1 69 
mamm als, 163-164, 166-172 
medulla, k idney, 163, 164, 166. 169, 170, 171 
meduJlarycone, 165, 173, 174 
medullary llephrons, 164 
medullary trans, 165 
mcsangia l cell , 164,1 74 
mucosa, 164 
mucous connective t issue, 17J 
mucou s gla nd, 172 
muscularis, 164, 171, 172 . 174 
mUM:ularis mucosae, 172 
nephrons, 164 
papillary duct , 163, 169, 170, 171 
pars con vol uta (cortical labyrinth) , 163, 166 
pars radi ata, 166, '169 
perilobula r collecting doct, 165 
proximal convo luted tubule, 163, 164, 167,168,169,173, 

174 
pscudostr:nified epithelium, 163, 165, 174 
rcnal corpuscle, 164, 166, 167, 173 
renal papilla, 163, 169, 170 
renal pelvis, 163 
reticu lar fibe r, 171 
serosa, 174 
smooth muscle, 167 
subcapsular vein, 167 
submucosa, 164, 172 
superfi cial cortex, '/ 67 
transitiona l epithelium, 171, 172 
urachus, 17 I 

ureter, 164, 165, 171, 172, 174 
urethra, 163 , 164 
urina r), bladder, 164, 172 
urinary space, 164, 167, 168, /69,1 74 
urodeum, 164 
v:! s:! recta, 164, 169, 170, 17'1 

Urodeu m, 160, 164 
Uropygial (preen) gland , 87, 117, 11 8 
Uterine (endometrial) gla nd, 222, 234, 235 
Urerine gland, 59 
Uterine horn, 229, 230, 231 
Uterus, 222, 23 1,234, 240, 243 
Utriculus, 262 
Uvea (vascular [u nic), 245 
Uveal meshwork (pectinate lig:llllcnt ), 246, 247, 250, 25 '1. 

254,257,258 
Uveal t rabecula r meshwork, 246, 251 

Vacuo lar cell, 223, 239 
Vacuolated cell, 100 
Vacuole, 29, 35, 243 
Vagina, 222-223, 224, 237, 240, 243 
Vagina! smea r, 238. 239 
Valves, 58, 60, 62. 65, 67 
Vane, 87 
Vas deferens (ductus deferens) , 204, 205, 210, 21 1, 219 
Vasa recta, 164, 169, 170, 171 
Va sa vasorum, 57, 64 
Vascular layer, choroid, 246, 250. 253, 254 
Vascular sinusoid , 37, 38 
Vascula r su amm (stratum cavernosum ), 204 , 212 
Vascular tunic (uveal, 245 
Vein 

bone, 25 
cardiovascular system, 57, 59, 60, 61, 62, 67 
cavernous vein, 178 
centmi vein, digestive system, 152. ISJ, 161 
centra l vein, urin:!r), system, 164 
digestive system, 136,148, 152, 153, 161 
fe male reproductive system, 230 
intralobular vein, 173 
medium vein, 57, 6 1, 62 
porta l vein, 62,152, 153 
pulmonary vein, 185 
rcspimwry system, 178, 185 
sma ll vein, 57,59. 60 
subcapsular vein, 167 
u ri nary system, [64, 167, 173 

Vena cava, 64 
Venous sinus, 70, 79 
Ventra l bou ndary of th ird ventricle (median eminence), 192, 

193,194 
Ventral plate, 117 
Ventral root , 55 
Ventriculus (gizzard ), 121, 158 
Venule 

cardiovascular system, 57, 59, 60, 67 
integument, 98 
lymphatic system, 70, 77 
muscle, 42 
nervous system, 48 
postcapillary venule, 70, 77 
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Verniers, for relocating srructures, 6 
Vesicles, 84 
Vestibular epithelium, 185, 237 
Vestibular fold, 73 
Vestibular gland, 237 
Vestibular (Reissner's) membrane, 262, 266 
Vestibule 

car, 262, 264 
female reproductive system, 223, 238 
respi ratory syStem, 175, 176 

Vestigial cavity, 192 
Villus 

chorioallantoic villus, 234, 235, 236 
digestive system, 120, 121, 141, 143,144,146,147,159, 

160 
female reproductive system, 234, 235, 236 
lymphatic system, 72, 73, 83 
male reproductive system, 210 
nervous system, 48 

Villous surfaces, 222 
Visceral (glomerular) epithelium, 164, 167, 174 
Visceral pleura, 176, 184 
Vi~ceral prepuce, 217 
Vocal fold, 180 
Vocal ligament, 180 
Volkmann's canal, 24, 25 
Vulva, 223 
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Wall of hoof, 106, 110 
Waterbath, straightening sections on, 1, 2, 3 
Wanle, 87, 114 
Weigert stain (resorcin fuchsin), 3 
White blood cell. See Leukocyte 
Whit~ lin~, hoof, 108, 109 
White matter, 46,49,54,55 
White pulp, 70- 71, 79, 81, 83 
Wright stain (Romanovsky), 3 

Yolk sphere, 240 

Z band, 41, 43 
Zona fasciculara, 192, 199, 200 
Zona glomerulosa (zone mult iformis), 192, 199, 200 
Zona intermedia, ] 92, 199, 200 
Zona pellucida, 221,225,226 
Zona reticularis, 192, 199, 200 
Zonary placenta, 122, 232, 233, 234 
Zone multiformis (zona glomerulosa), 192, 199,200 
Zone of calcification, 23, 24 
Zone of hypertrophy, 23, 24 
Zone of mult iplication, 23, 24 
Zone of ossification, 23, 24 
Zone of reserve cartilage, 23 
Zonubr fiber , 245, 246, 249, 251, 157,258 
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