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Use of the Light Microscopy and Preparation of Tissue for Histologic 

Examination 

 
Objectives 
a) Learn to use the light microscope 
b) Learn the chemical basis of selected histologic staining reactions and the chemical 

component distribution. 
During this period you will become familiar with the use of the light microscope by 

going over the instructions given below under the supervision of an instructor. 
 

Practical instructions for using your microscope 
a) Examine your microscope and familiarize yourself with its controls. The switch for 

turning on the lamp is located on the right side of the microscope. Locate the knobs 
for coarse and fine focusing of the objective and for focusing the condenser. 
Acquaint yourself with the seat and direction of motion of the mechanical stage. 
Check over the magnifications of your objectives and eyepieces. 

b) Raise the body tube well clear of the specimen stage and swing your 10x objectives 
into place on the nosepiece, making certain that it clicks into position. Place slide 
DG5 on the stage with the label on the right and center the lower edge of the tissue 
section directly under the objective lens. 

c) Switch on your microscope lamp 
d) Rack up the substage condenser until its top surface is about 1-2 mm below the 

object slide. Locate the lever which controls the diameter of the iris diaphragm in 
the condenser and move it in either direction in order to gauge the extent of its 
motion. Set this lever at about the midposition of its range. Now slowly raise the 
specimen stage by means of the coarse focusing adjustment until the tip of the 
objective lens is about 3-4 mm from the upper surface of the slide. 

e) Look through the eyepieces placing your eyes quite close to them. If you wear 
spectacles be careful to avoid scratching either your lenses or the top lens of the 
eyepiece when you look through the eyepiece. Focus the objective slowly up and 
down with the coarse focusing adjustment until the image of the section is in focus. 
Complete the focusing with the fine focusing adjustment. 

f) Open the condenser iris diaphragm to its maximum aperture. While observing the 
section, slowly close the aperture. As you are doing this a point will be reached 
where the glare of the illumination falling on the section is markedly diminished. 
This is the correct opening for the aperture beyond this point for by doing so you 
will introduce distracting diffraction patterns into the image of your section. 

g) In order to view your section under low magnification, rotate the 4x or 10x 
objective into position over the slide. This magnification is very useful for scanning 
the whole specimen. After having switched to the higher power objective your will 
notice that the light is now probably too dim for optimal viewing. You should repeat 
the maneuver for adjustment of the diameter of the condenser iris aperture once 
again. Open the iris aperture to its maximum diameter and then slowly close it until 
the glare is markedly reduced. 
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h) Your 100x objective must be used with immersion oil. During use its lower surface 
comes in very close proximity to the upper surface of the coverslip of the slide. You 
must therefore, exercise extreme caution during focusing to prevent the two from 
coming in contact and being damaged. Raise the body tube of the microscope 1-2 
cm so that there is a considerable space between the objective and the slide. Place a 
drop of immersion oil on the slide and rotate the 100x objective into place in the 
nose piece. While watching carefully from the slide, slowly lower the body tube of 
the microscope with the coarse focusing adjustment until the lower surface of the 
oil immersion lens contacts the droplet of oil. Then, while looking through the 
eyepiece, slowly lower the objective towards the specimen. As you do so, watch for 
the point at which the image of the section comes into focus and stop there. You 
may then adjust the focus with the fine focusing adjustment. Obtain the optimal 
lighting of the specimen by adjusting the iris diaphragm. You may examine your 
section with the 10x objective without removing the drop of oil. However, if you 
wish to examine it with the 40x objective, the drop of oil must be removed. After 
you are through examining your section with the oil immersion lens, carefully raise 
the lens. To remove the immersion oil from both the cover slip and the objective, 
wipe them with a piece of lens paper with a drop of xylene on it. 

i) The type of microscopy with which these instructions deal is sometimes called 
bright-field microscopy to distinguish it from other forms of microscopy such as 
phase contrast, interference contrast, polarizing, dark-field, fluorescence, 
ultra-violet, etc. 

Under selected circumstances, diffraction patterns in the microscope image may be 
helpful for examining certain types of specimens. For example, unstained teased 
specimens of fresh tissue are transparent under the microscope and are barely visible. 
Either by lowering the condenser or by reducing the diameter of the iris diaphragm of 
the condenser you can narrow the cone of illumination falling on the specimen and 
there by enhance the formation of such patterns, some structural details of these 
specimens will then become visible. 
 
2. Preparations of tissue for histologic examination 
A General outline of the steps required to prepare tissue for microscopic examination is 
given below. 
a) Fixation. Tissues are obtained at autopsy of human subjects, from human biopsies 

and from experimental animals. In the case of surgical biopsies from human and 
experimental animals, small pieces of living tissue are plunged into a large volume 
of fixative (formalin, Bouin’s fluid, Zenker’s fluid). The best fixatives act so rapidly 
that postmortem alterations of the tissue are minimized and the picture found in the 
living state is preserved for future examination. No fixing fluid is ideal for all 
tissues or all staining procedures. In the case of human autopsy material (which 
comprises a large proportion of your loan slide set), postmortem changes inevitably 
occur, the degree depending upon the tissue. You should be alert for artifacts of this 
nature. 

b) Washing and Dehydration. After the fixative has acted for a sufficiently long time, 
the excess is removed by washing in several changes of water. The tissue is then 
dehydrated in increasing concentrations of ethanol. Complete removal of water is 
necessary because the commonly employed embedding media are not miscible with 
water. During dehydration lipids are extracted from the tissue unless special 
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precautions are taken during the fixative step. 
c) Embedding. The tissue is infiltrated with a fluid embedding medium, usually 

paraffin, or celloidin which is subsequently hardened. The embedding medium 
serves to support the tissue during cutting of the sections. Most of the tissues in the 
loan slide set are embedded in paraffin which has the advantage that serial sections 
may be produced easily, but since paraffin is fluid at 50-60℃, considerable 
shrinkage and distortion of the tissue results from exposure to high temperature. 

d) Sectioning. Thin slices of the embedded tissues are cut on a microtome. These 
sections are generally 5-10 micrometer (μm) in thickness (1μm=1x10-6 meter) but 
may be thicker for special purposes. If the microtome knife is dull or nicked the 
surface of the section may appear rough or chattered or there may be linear score 
marks in the tissue. The sections are affixed to glass slides and then stained. 

e) Staining. If an unstained section is examined with a microscope, very little is 
discerned because of the lack of contrast in such thin slices of tissue. Therefore, 
various combinations of dyes are applied which differentially react with the various 
tissue components to render them visible and aid in distinguishing the various 
components. The mechanism of staining is not completely understood in all 
instances but some generalizations are possible. Many of the macromolecules of 
cells and tissues possess ionogenic groups and can bind oppositely charged dye 
molecules, for example, nucleic acids have many negatively charged phosphate 
groups, complex polysaccharides have carboxyl and sulfate groups, while proteins 
have positively charged amino groups and negatively charged carboxyl groups. At 
the pH at which the staining reaction takes place, many proteins possess a net 
positive charge. Similarly many dyes possess ionogenic groups, for example, eosin 
is an anionic or “acid” dye with a net negative charge while methylene blue is a 
cationic or “basic” dye with a net positive charge, the case of hematoxylin is 
somewhat more complex but for our purpose it should be considered a basic dye. 
Acid and basic dyes used in histology are usually of contrasting color. However, 
color is not a consequence of the charge but depends on other factors such as kinds 
of substituents, conjugation of double bonds, etc. Obviously the possibility for 
electrostatic interaction between cellular macromolecules and dye molecules exists 
and in many instances this type of interaction is thought to be the basis of the 
staining reaction. Those cell and tissue components which bind basic (cationic) dyes 
are said to be basophilic while those which bind acid (anionic) dyes are termed 
acidophilic. Those, in a tissue section stained with hematoxylin and eosin, cell 
nuclei are basophilic and appear blue due to the binding of hematoxylin to nucleic 
acids, while the cytoplasm is acidophilic and appears pink due to the binding of 
eosin to proteins with a net positive charge. 

f) Mounting. To avoid damage to the section a thin glass cover slip is sealed in place 
over the tissue with amounting medium which has a refractive index similar to that 
of glass. 
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EPITHELIUM 

Objectives 
a) The components of epithelial cells, intercellular substances. 
b) Classification of epithelia, tissue-covering epithelial tissue and glandular epithelia. 
c) Type of covering epithelial tissues in human body. 
d) Specialization of the cell surface. 
 
1. Simple squamous epithelium  No. E2. Mesentery, whole mount, AgNO3 
This is a surface view of a frog’s mesentery. The cell limits are stained black with 
AgNO3. The individual cell has hexagonal or irregular wavy outlines, and each contains 
a nucleus which is not shown in this slide. 

 
2. Simple squamous and simple cuboidal epithelia  No. Ur1. Kidney, 

H.E. 
In this slide, many closely packed cross sections of nephric tubules can be found. 
Identify the flat simple squamous epithelium lining some of the tubules, and the renal 
capsule. The cytoplasm is attenuated, except where the nucleus bulges into the lumen. 
In other tubules the epithelium is thicker, (Height = width, approximately), this is 
simple cuboidal epithelium. The spherical nucleus lies in the center of the cell. Note 
also the simple squamous epithelium or endothelium which lines the blood vessels in 
the section, the presence of erythrocytes will help to identify these vessels. 

 
3. Simple columnar epithelium  No. DT8. Small intestine, H.E. 
This is a longitudinal section of the small intestine, simple columnar epithelium can be 
seen covering the projecting villi. (In oblique section, the epithelium may appear 
multilayered). The tall cells adhere one another by their lateral surfaces. In sections 
perpendicular to the surface, elongated nuclei occupy the base of these tall rectangles 
cells. The apical surface will appear striated because of the numerous microvilli 
recognized at the EM level. Some epithelial cells have become specialized unicellular 
glands, the goblet cells. These have a bulging apical cytoplasm which appears frothy, a 
typically constricted  base and a dark-staining triangle nucleus, goblet cells release 
mucous secretions which coat the luminal surface of the intestine. Lymphocytes may be 
seen wandering through the epithelial layer. 

 
4. Pseudostratified columnar epithelium  No. Re2. Trachea, H.E. 
Pseudostratified columnar epithelium with cilia and goblet cells characterizes the lining 
of the respiratory tract. In cross section, this epithelium appears as multilayered because 
of the presence of nuclei at two or three levels; however, all cells reach the basal lamina 
but not all extend to the luminal surface. The basal cells are probably important in 
renewal of the epithelium. As in intestinal epithelium, many columnar cells have 
become specialized “goblet cells”, which are smaller than the goblet cells in intestine. 
The apical surface of this epithelium has specialized projections, the cilia, which are 
motile. 
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5. Stratified squamous epithelium - Non keratinized  No. DT4. 
Esophagus, H.E. 

On the lumen side of the esophagus, you will be able to find nonkeratinized stratified 
squamous epithelium, in this epithelium there is a progressive flattening of cells from 
the basal layer which rests on the basal lamina to the surface layer of desquamating 
cells. Renewal and maintenance of the epithelium are functions of the basal layer, and 
mitotic figures may occasionally be seen. In the intermediate layers, cells have 
conspicuous outlines and are polyhedral cells. The nearer to the free surface, the more 
cells become flattened. The superficial layers consist of thin squamous cells. 

 
6. Transitional epithelium  No. Ur3. Urinary bladder, H.E. 
This is a section of a contracted bladder. This special stratified epithelium typifies the 
lining of the urinary tract. Unlike the previous stratified epithelia, however, the surface 
layer of cells characteristically project into the lumen, giving them the name “dome 
cells”. Cell outlines are less distinct in this epithelium, and the cells are variable 
flattened, depending upon the state of distension. The intermediate layers are cells of 
irregularly polyhedral cells, the deepest layer of cells have a cuboidal or low columnar 
shape. 
The full and distended bladder shows less layers of cells, and the cells are more 
flattened. (see demonstration). 

  
Demonstration slides: 

1. Terminal bar 
2. Simple squamous epithelium in renal capsule 
3. Basement membrane     AgNO3 
4. Transitional epithelium   distended bladder 
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CONNECTIVE TISSUE 

 
Objectives 
a) The three classes of components - cells, fibers, and ground substances – that 

comprise this tissue. 
b) The cell types of connective tissue and function of each. 
c) The three types of connective tissue fibers – their structural, characteristics. 
d) The blending in characteristic proportion of the basic components into connective 

tissues of various types and function. 
 
1. Fibroblasts  No. C2. Cultured fibroblasts, H.E. 
Fibroblasts are large spindle-shaped cells with irregularly branched cytoplasmic 
processes, and their nuclei are ovoid, large, pale staining with a finely granular 
chromatin. A nucleolus may be visible. Mitotic cells are frequently seen in this slide. 
 
2. Loose connective tissue  No. C1. Subcutaneous connective tissue.   

Mount, Resorcin fuchsin and carmine staining, and trypan blue injected. 
In this spread of subcutaneous connective tissue, identify the following structures: 
Fibroblasts are the major cell type in this preparation, and their cytoplasm is very faint 
and not easily distinguished. Their nuclei are ovoid or elongated. 
Macrophages are numerous, and can be distinguished from fibroblasts either by their 
smaller rounded nuclei or by the capability of phagocytosis. The rats are injected 
intraperitoneal with trypan blue. Two days later we will see the macrophages ingest 
these dye stuff in their cytoplasm. 
Mast cells are oval-shaped cells, the nuclei are smaller, with coarse basophilic granules 
in their cytoplasm, they often gather in groups along the blood vessels (see 
demonstration). 
Plasma cells are few in numbers in the common connective tissue. The cells are oval in 
shape with abundant basophilic cytoplasm and a “clock-faced” nucleus which often 
occupies an eccentric position in the cell (see demonstration). 
Collagen fibers are long, straight, or wavy threads or ribbon-like run in all directions. 
They consist of parallel fibrils, in this slide they are pinkish in color. 
Elastic fibers are thin branching, refractive fibers. In this preparation, Resorcin fuchsin 
has been used selectively to stain the elastic fibers. They can be seen as dark purple 
strands in this slide. 
Reticular fibers can only be stained by silver impregnation methods, and can’t be seen 
in H.E. staining slides. 
The reticular fibers appear black by silver impregnation methods, which form the 
framework of some organs (see demonstration). 

 
3. Irregular dense connective tissue and Adipose tissue  No. Sk2. Skin, 

H.E. 
In this slide, the dermis, which underlies the superficial layer of stratified squamous 
epithelium, is composed largely of dense connective tissue. While dense connective 
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tissue has the same types of fibers and cells, but different proportions, that you have 
just seen in loose connective tissue. Here, there are many closely packed bundles of 
coarsely woven collagen fibers in irregular array; the fibroblasts are scattered randomly 
among these collagen bundles. Other cell types are present but infrequent. 
Adipose tissue is located in the hypodermis layer which is a continuation of the dermis, 
and lobules which enclose spherical fat cells are visible. The fat cell has a single large 
lipid containing droplet surrounded by a thin peripheral rim of cytoplasm. The lipid 
droplet is dissolved during routine tissue processing, so leave an empty space in the cell. 
The nucleus is compressed against on edge of the cell, and this image has given the 
name “signet ring cell” to these elements. 
 
4. Regular dense connective tissue  No. C4, C5. Tendon, H.E. 
C4 and C5 are longitudinal and cross section of the tendon, respectively. Tendon 
represents dense regular connective tissue which has great tensile strength and must 
resist unidirectional stress. Note that the pink-staining collagen fibers are regularly 
arranged in bundles parallel to the direction of stress. Rows of fibroblasts can be 
observed between the collagen fibers. 

 
Demonstration slides: 

1. Plasma cells 
2. Mast cells 
3. Reticular fibers  silver impregnation 
4. Elastic fibers  Resorcin fuchsin 
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CARTILAGE and BONE 

Objectives: 
a) The composition of cartilage – chondrocytes, fibers (collagenous or elastic) and 

ground substance. 
b) The characteristics of three types of cartilage. 
c) The embryologic formation of cartilage and the role of cartilaginous models in the 

formation of long bones. 
d) The components of bone – cells, fibers, ground substance. 
e) How long bones develop embryologically? 
f) The behavior of osteoblasts and osteoclasts in bone deposition and resorption. 
 
1. Hyaline cartilage   No. C6. Trachea, H.E. 
With the naked eye, you can see this slide is a part of the cross section through the 
trachea. 
Using the low power objective, you will find a field of hyaline cartilage. The matrix 
appears relatively homogeneous (fibers are not apparent) and contains groups of 
chondrocytes trapped in their lacunae. Note that several chondrocytes may form an 
isogenous group. A ring of intense basophilia, cartilage capsule, surrounds lacuna. 
Compare the shape of the cells in the periphery with those in the central zone. At the 
periphery of the cartilage is a fibrous perichondrium which merges superficially with 
the connective tissue. The inner layer of perichondrium has less matrix and gives rise to 
new cartilage cells, but it is difficult to distinguish when cartilage is resting. The 
cartilage is devoid of blood vessels. 
 
2. Elastic cartilage    No. C7. Ear Pinna, Resorcin fuchsin 
The supporting cartilage of the ear is elastic cartilage. Note the dense network of dark 
purple staining elastic fibers which fill the matrix between lacunae containing the 
chondroctyes. If the slides stain with orcein, the elastic fibers appear red. 
 
3. Fibrocartilage    No. C8. Head of Femur, H.E. 
With low power objective try to find the fibrocartilage which is in the transitional zone 
between ligament and hyaline cartilage, here the collagen fibers are the major 
constituent of this matrix, and form a dense meshwork in which the chondrocytes are 
similar to those of hyaline cartilage, but arranged in column. 
 
4. Ground Bone    No. C10. Femur, Cresyl Violet stain 
This slide consists of both a cross section and a longitudinal section through adult 
compact bone. Bone has been ground down to a thin wafer so the organic material is 
not preserved. First you find the cross section of bone, and you should be able to see the 
outlines of the Haversian systems. In the center of each system is the Haversian canal, 
which is filled with dye stuff. The Haversian canal communicates with each other 
through the Volkmann’s canal. Concentric bony lamellae surround the canal. Within 
these, can you find the black profile of lacuna and canaliculi which housed the 
osteocytes and their processes? Among the Haversian systems are angular or irregular 
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shaped lamellar bone which is called interstitial lamella. At the external surface of the 
bone is the outer circumferential lamella. These consist of several lamellae that run 
about the circumference of the shaft of bone. A similar but less well developed system 
of lamellae are present on the inner surface of the bone, they are the inner 
circumferential lamella. The other section is a longitudinal section of bone where the 
Haversian canals run parallel to the bone shaft. Compare the structures you saw in these 
two specimens. 
 
5. Decalcified bone    No. C9. Humerus, H.E. 
This is a cross section through the decalcified shaft of the humerus. The mineral 
components have been lost, but the organic elements are preserved and stained by H.E. 
On one side of this slide is the marrow cavity, and on the other side, periosteum and 
muscle attach to the bone. The bony tissue appears red, because the matrix of the 
decalcified bone has high content of collagen. In the Haversian system, the collagen 
fibers of the lamellae are disposed in a helical manner around the long axis of the 
Haversian canal. Within the lacunae nuclei of the osteocyte can be seen. The perforating 
fibers are collagen fibers that penetrate the bone matrix, binding the periosteum to the 
bone (see demonstration). 
 
6. Intramembranous bone formation   No. C12. Calvaria, H.E. 
This is a section through the center of ossification in the skull. You will be able to see 
bone deposition within mesenchyme as a result of the transformation of mesenchymal 
cells into osteoblasts. Some of the osteoblasts have already been entrapped in the matrix 
as osteocytes, the others still left in the surface of bone spicules. In some regions 
osteoclasts can be seen eroding the bone. Osteoclasts are multinucleated giant cells with 
acidophilic cytoplasm and varying in size and in the numbers of nuclei. Note the rich 
vascularity in this area. 
 
7. Endochondral bone formation   No. C11. Finger, H.E. 
This is a longitudinal section of cartilage model of a finger from a fetus. Before you 
study this section, review the process of endochondral ossification in your textbook.  
In the endochondral process of bone formation, a “model” of the bone is first formed of 
cartilage, then cartilage degenerates and is replaced by osseous tissue. Most of the 
bones are formed in this manner. The development of this process takes place in distinct 
steps. In the early stage, the bone model is made entirely of chondrocytes which have 
differentiated from mesenchyme. When ossification begins, the center of the diaphysis 
becomes hypertrophied; on the outside of this area a collar of bone is being formed by 
the inner portion of periosteum. Later, in the zone of hypertrophied chondrocytes, cells 
degenerate and are invaded by small blood vessels and mesenchymal cells from the 
tissue surrounding the bone. The latter will differentiate in the bone into: the 
hemopoietic tissue of the bone marrow and the bone forming cells or osteoblasts. The 
osteoblasts are present in numbers and are laying down bone, and they are easily 
recognized by their abundant basophilic cytoplasm. Therefore, two types of bone 
formation occurring simultaneously: replacement of cartilage inside the bone 
(endochondral); and formation of bone around the outside of the whole bone 
(periosteal). In both sites the osseous tissue are formed by osteoblasts; they become 
trapped inside the developing bone in lacunae, and become osteocytes. Considering the 
endochondral process in the whole bone, the areas seen histologically are: 



  10

a) The resting zone: consists of hyaline cartilage, most of the cells are small. 
b) The proliferative zone: chondrocytes divide rapidly and form parallel rows of 

stacked cells along the long axis of the bone. 
c) The hypertrophy and calcified cartilage zone: chondrocytes are enlarge, the matrix 

between them is reduced to thin septa. As the cartilage matrix become calcified the 
chondrocytes die. 

d) Ossification zone: When cartilage cells degenerate, the blood capillaries and 
undifferentiated cells originating from the periosteum invade the cavity left by the 
chondrocytes. The undifferentiated cells form osteoblasts, later they lay down bone 
tissues over the septa of the calcified cartilage matrix, in this way bony spicules are 
formed. The tunnels between the bony spicules are formed, which contain the 
hematopoietic tissues. Later the osteoclasts excavating the center of the bone to 
make the marrow cavity. 

The area of active bone formation in the center of the bone is called the primary 
ossification center. Note two distinct layers of the periosteum, an inner cellular layer of 
osteoblast (osteogenic part) and an outer sheath with many collagenous fibers (fibrous 
part). 
Similar ossification centers (the secondary ossification center) arise and develop in the 
epiphysis of the long bones (see demonstration). As a result of these developments, a 
layer of cartilage is left between the bony epiphysis and the bony diaphysis. This 
cartilage is called the epiphyseal plate, which leads the growth in length of the long 
bones. 

 
Demonstration slides: 

1. Ground bone 
2. Perforating fibers (Sharpey’s fibers) 
3. Osteoclast 
4. The secondary ossification center 
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BLOOD CELLS and HEMOPOIESIS 

Objectives 
a) The morphology and staining properties (Giemsa’s or Wright stain) of each of the 

cells found in the normal peripheral blood of an adult human (erythrocytes, 
neutrophils, eosinophils, basophils, lymphocytes, monocytes, and platelets). 

b) The significance of azurophil and specific granules in a neutrophil and the relation 
of these granules to the principal function (phagocytosis) of this cell. 

c) The sequence of events occurring in erythropoiesis, relating the cytologic changes. 
d) The development of the mature leucocytes from the myeloblast stage. This includes 

the name of each stage, the characteristics of the nucleus at each stage, and the 
types of cytoplasmic granules present at each stage. 
 

1. Blood Smear  No. C15. Human blood, Wright - Giemsa’s stain 
This is a blood smear stained with Wright - Giemsa’s stain, which is a mixture of an 
acid and basic dye, therefore, it is called a neutral stain. First observe the slide under 
low power and select an area in which the cells are uniformly dispersed. Then change to 
the oil immersion objective. The fields you view consist of a preponderance of 
erythrocytes interspersed with blood platelets and five types of leucocytes. The 
leucocytes consist of neutrophils, eosinophils, basophils, monocytes and lymphocytes. 
There are approximately 5 million erythrocytes per mm3 in the circulating blood, but 
there are only 5,000-9,000 leucocytes per mm3; a ratio of 1,000 to 1. For this reason 
white blood cells are less abundant in a blood smear, and the rare white blood cells (e.g., 
basophils) are difficult to find. 
a) Erythrocytes (6.5-8μm). These cells are usually round or slightly oval and have a 

homogenous cytoplasm which stain faintly pink with eosin, the acid dye of the stain. 
Erythrocytes lose their nuclei during development and are anucleate cells during the 
rest of their life span. 

b) Blood platelets (2-4μm). Individual blood platelet is oval and contains a few 
granules of blueish-staining material. They are, however, usually found clumped in 
groups and thus appear irregular in shape. 

c) Granular leucocytes. In all leucocytes, the nuclei stain purplish-blue with methylene 
blue, the basic dye of the stain. There are three types of granular leucocytes which 
are distinguished one from another by the staining properties of their “specific” 
granules; i.e., the neutrophil, eosinophil or basophil granule. Each granular type 
specifically takes up one of the components of Wright’s Giemsa’s stain; the staining 
properties of the specific granules serve to identify the cell. 
i) Neutrophils (12-15μm). These comprise 60-70% of the white blood cells. The 
nuclei of these cells consist of several lobes (3-5) joined by thin, poorly visualized 
strands of chromatin. Their cytoplasm contain numerous fine granules which are 
poorly visualized because of their small size and which impart a pale tan color to 
the cytoplasm. They also contain azurophilic granules, which are purple in color. 
ii) Eosinophils (12-15μm). They comprise 2-4% of the total leucocyte count. The 
nucleus often consists of two lobes connected by a strand of chromatin. The 
cytoplasmic granules are large, uniform in size, and circular in outline. They stain 
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orange to pink. 
iii) Basophils (12-15μ). These cells number less than 1% of the total leucocyte 
population and are, therefore, difficult to find. The nucleus composed of 2 to 3 lobes, 
is centrally located and stains relatively lightly, and it is usually obscured by the 
overlying specific granules. The cytoplasm contains many blue purple granules 
which are of various sizes. Some overlie the nucleus. 

d) Agranular leucocytes. Although granules are present in these cell types, they usually 
stain weakly and are much finer than in the granular leucocytes. 
i) Lymphocytes (6-18μm). Their number in normal adults varies from 20-30% of 
the total white blood cell count. The small lymphocyte is the lymphocyte most 
commonly seen in blood smears, but medium-sized lymphocytes are also present. 
The nucleus of small lymphocytes is round, stains deeply, and is surrounded by a 
narrow rim of cytoplasm which appears sky-blue in color and may contain purple 
azurophilic granules. The nucleus of medium-sized lymphocyte is paler and may be 
slightly indented. They have more cytoplasm which may contain a few coarse 
azurophilic granules. 
ii) Monocytes (12-20μm). These cells number 3-8% of the white blood cell 
population. Their nuclei are often horseshoe or kidney-shaped, and its chromatin 
has a lacy appearance. The cytoplasm is abundant and appears pale gray or blue. It 
contains many fine azurophilic granules which give a “groundglass” appearance to 
the cytoplasm. These azurophilic granules are purple in color.    
 

2. Bone marrow smear  No. C13. Bone marrow, Wright - Giemsa’s stain 
Before you begin this exercise, review the morphologic and staining characteristics of 
the leukocytes, and then view the nomenclature of the developing blood cells of both 
the myeloid (granulocytic) and erythroid series. When you study your slides, choose the 
areas in which cells are well spread apart. Many cells are damaged in preparing the 
smears and will cause some confusion. If in doubt, ask an instructor to verify that you 
are studying a good example of the cell in question. 
The most undifferentiated cell which can be recognized is the myeloblast, a large cell 
with basophilic cytoplasm, no granules and a large round nucleus with lacy chromatin 
and prominent nucleoli which appear as lightly staining spheres within the nucleus. 
When azurophilic granules (primary lysosomes) begin to appear in the cytoplasm, the 
cell is called promyelocyte. Azurophilic granules are about 0.5 micron in diameter and 
are reddish-purple in color. The cytoplasm is less basophilic and the nucleus is still 
round or oval. Nucleoli may still be seen in the nucleus. There is no specific granules. A 
neutrophilic myelocyte is a cell which contains both azurophilic granules as well as 
neutrophilic granules (“specific granules”). Neutrophilic granules are very small and 
not easily resolved with the light microscope. The nucleus of the neutrophilic 
myelocyte is typically ovoid or slightly indented and the chromatin is more condensed. 
When the nuclear indentation becomes prominent, the cell is called a neutrophilic 
metamyelocyte. A band cell is a neutrophil whose nucleus is shaped like a horse-shoe. 
“Specific granules” are so called because their staining properties are specific for the 
cell line (neutrophil, eosinophil or basophil) in which they are found. Subsequently, the 
nucleus develops constrictions in two or more places to form lobes which remain 
interconnected by delicate strands of nuclear material. The cell is then referred to as a 
mature neutrophil. The number of lobes varies with each type of granulocyte as was 
noted in the exercise on normal peripheral blood. In general, the chromatin of 
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granulocytes becomes coarser and stains more deeply as the cells grow older. 
When looking at a particular cell in your slide, ask yourself a series of questions. Does 
the cell have granules? If it has granules, are only azurophilic granules present 
(promyelocyte) or are two types (azurophilic and specific) present? If two types are 
present, then look at the shape of the nucleus to decide what to call the cell (indented = 
metamyelocyte, horse-shoe = band, segmented = mature). 
Identify immature and mature cells of the erythroid series in the smear of normal bone 
marrow. Erythroid cells are less abundant than myeloid elements since the ratio of 
myeloid to erythroid cells (M: E ratio) for normal marrow is about 3:1. Cells of the 
erythroid series never possess cytoplasmic granules. Do not confuse irregular clumping 
of the cytoplasm, due to fixation damage, with granules. The earliest red blood cell 
precursor is the proerythroblast, which is morphologically difficult to distinguish with 
the myeloblast of the myeloid series. The basophilic erythroblast is a large cell with an 
intensely basophilic cytoplasm, no cytoplasmic granules and a nucleus with a 
characteristic alternating dark and light chromatin pattern (“checkerboard nucleus”). 
The cytoplasmic basophilia is due to the high concentration of polyribosomes which are 
engaged in the synthesis of hemoglobin. As the cell differentiates, it becomes smaller 
and accumulates hemoglobin which is stained by eosin (the pink dye in Giemsa or 
Wright’s stain). Consequently, the homogenous basophilic staining of the cytoplasm is 
replaced by a mixture of basophilic and eosinophilic staining components (ribosomes 
and hemoglobin respective) and the cytoplasm of the cell appears gray. At this stage the 
cell is called a polychromatophilic erythroblast. The nucleus is becoming pyknotic, that 
is, chromatin is becoming more condensed and more deeply staining. When the staining 
characteristics of the cytoplasm of the nucleated red blood cell precursors come to 
match those of the mature (non-nucleated) red blood cells, the precursor is called a 
normoblast or orthochromatophilic erythroblast. The nucleus is now extremely pyknotic 
and will soon be extruded. The cells from which the nuclei have recently been extruded 
still retain within their cytoplasm, numerous ribosomes and other cell organelles which 
may be stained. With supravital dyes such as brilliant cresyl blue, these organelles stain 
as a network or reticulum and those cells are called reticulocytes (see demonstration). 
Still later this staining property disappears and the cells are mature erythrocytes (red 
blood cells). 
As you have done in the myeloid series, notice that differentiation of red blood cell 
precursors are continuous process and that one stage grades into the next, Therefore, it 
is important to look at both the nuclear and cytoplasmic changes and to form a picture 
of how they change together as the cell matures. 
Identify the large megakaryocytes with multi-lobular nuclei in this slide. 

 
3. Bone marrow  No. C14. Bone marrow, H.E. 
In this slide identify the large megakaryocytes with multi-lobular nuclei. Notice the 
presence of many fat cells in the marrow. 
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MUSCLE TISSUE 

Objectives 
a) Be able to identify and describe in detail the three basic type of muscle, including 

the following characteristics: 1) relative size and shape of fibers; 2) location of 
nuclei and relative number per cell or fiber; 3) the presence or absence of 
cross-striations; 4) the presence or absence special features, e.g., intercalated discs, 
branching of cells or fibers. 

b) Identification of the sarcolemma, sarcoplasm and myofibrils. 
c) The structure of a sarcomere and the morphologic changes occurring in it during 

contraction. 
 

1. Smooth muscle 
1) No. Ur3. urinary bladder, H.E. 
Under low magnification observe the bundles of smooth muscle cells which are 
oriented in different planes and form a major part of the wall of the bladder. Each 
bundle of cells is demarcated by collagenous fibers. Find a region in which the elongate 
smooth muscle cells are cut in longitudinal section. The cells are spindle-shaped and 
each possesses a single cigar-shaped nucleus which is centrally placed midway along 
the length of the cell. Notice the absence of cross-striations. Each smooth muscle cell is 
surrounded by the very fine connective fibrils. These fibrils help to bind the individual 
smooth muscle cell together so they can act in concert to produce contraction. 
Now examine a smooth muscle in cross section: Because the nucleus occupies only a 
mid-portion of this tapering cell, only the larger cross sections will contain sections of 
nuclei. You should also observe that a variety of cross sectional diameters are present 
which is an indication of the tapering shape of the cells. 
Collagenous fibers of connective tissue and the cytoplasm of smooth muscle cells are 
both eosinophilic. Therefore, in H.E. preparations, it is often difficult to recognize 
smooth muscle cells scattered in fibrous connective tissue. The nuclei of fibroblasts are 
small and densely stained. However, smooth muscles contain elongate, lightly stained 
nuclei which are 2-3 times the length of fibroblast nuclei. 
2) No. Sk3. scalp, H.E. 
Observe this slide at low magnification and notice the two different regions. 
Collagenous fibers are seen as homogenous, refractile bundles of varying diameter. The 
small dense nuclei which are seen adjacent to the bundles are fibroblast nuclei. Smooth 
muscle cell should be easy to identify in cross section because of the varying diameter 
of their cross sections and the presence of lightly stained nuclei within the largest cross 
sections. 

 
2. Skeletal muscle 
1) No. M1. I. H., No. M4. H.E.  
These are longitudinal sections of skeletal muscle fibers. Skeletal muscle fibers are long 
multinucleated cells. Their nuclei are characteristically located at the periphery of the 
cell just beneath the sarcolemma. In good longitudinal sections, you will be able to see 
cross striations composed of alternating light and dark bands, the darker bands are 
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called A bands, the lighter bands are called I bands. Observe that the I band, which is 
bisected by the thin Z line, is unstained. 
2) No. M2. H.E. 
The skeletal muscle fibers have been cut transversely. Under low magnification, entire 
muscle is enclosed by a connective tissue layer called the epimysium. Muscle is further 
subdivided into several bundles. Each bundle is surrounded by a connective tissue 
septum called the perimysium. A single muscle fiber is covered with a delicate 
connective tissue sheath called the endomysium. Endomysium, perimysium and 
epimysium are all continuous. Small blood vessels are present throughout the 
connective tissue. 
Under high magnification, the peripheral location of the nuclei of skeletal muscle fibers 
is readily seen. In some preparation the cut ends of myofibrils may be seen as dark dots 
regularly arranged within the cytoplasm. 
3) No. DT 2, Tongue H.E. 
This is a section of the tongue, in which many skeletal muscle fibers have been cut 
longitudinally, transversely or obliquely. 

 
3. Cardiac muscle  No. M3. Heart, H.E. 
Under low power, the muscle fibers are arranged in large bundles. Observe the different 
orientations of these bundles to the plane of section. Cardiac muscle has similarities to 
skeletal muscle. Myocardial fibers have centrally placed nuclei and can be binucleate. 
Cardiac muscle is cross-striated but the striations are less apparent than that in skeletal 
muscle. The fibers branch and anastomose to form network. Note the intercalated discs 
in longitudinally orient bundles, which occur at level of the Z line. They often show an 
undulating (wavy) profile at the light microscope level. 

 
Demonstration slides: 

1. Ocular muscle, Rabbit, Indian ink injection.     
2. Z line 
3. intercalated discs 
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NERVOUS TISSUE 

Objectives 
a) The general structural attributes and function of nerve cells with respect to soma, 

dendrites, and axon. 
b) The identification of nerve cell bodies and processes by light microscope. 
c) The relationship of single peripheral nerves to their supporting (Schwann) cells. 
d) The structure of single nerve fiber and the formation of peripheral nerves. 
e) The identification of several glial cells types. 
f) The structural feature of the several nerve endings. 
g) The structure of the spinal ganglia and the sympathetic ganglia. 

 
1. Nerve Cells   No. N1. Spinal cord, H.E. 
N1 demonstrates the variety of nerve cells found in the spinal cord. The nerve cells 
(neurons) are clustered in the H-shaped gray matter of the cord, in turn surrounded by 
the nerve fibers forming the white matter. Examine the large nerve cell in gray matter, 
and identify the cell body, the nucleus, the prominent nucleolus and the dendrites which 
extend away from it. The granular cytoplasmic basophilia are the Nissl bodies, which 
represents stacks of granular endoplasmic reticulum, forming the protein synthesizing 
machinery of the cell. The Nissl bodies extends out into the proximal dendrites, but is 
absent from the region of the axon (axon-hillock). 
Examine demonstration slide: brain, rabbit, Cajal’s sliver stain. Identify the 
brown-yellow motor neuron, you will see thinner neurofibrils, which form a network in 
the perikaryon, but parallel each other in the processes. 
Synapses: These are areas of specialized contact between nerve cells or between nerve 
cell and muscle cell or gland cell, which permit transmission of impulses between these 
elements. Study the examples of synapses shown in the demonstration slide. 

 
2. Neuroglia  No. N1. Spinal cord, H.E. 
Cells of the spinal gray matter that have visible perinuclear cytoplasm are neurons. 
Note that there are numerous cell nuclei without stainable cytoplasm. Many of these are 
neuroglial cells. The pale round nuclei are nuclei of the astrocytes; the darker round 
nuclei are those of the oligodendrocyte, the smallest oval or irregular nuclei are usually 
belong to the microglia. 
 
3. Neuroglia  No. N3. Cerebrum, Golgi stain 
This is cerebrum of the act with Golgi stain. In this section, it is possible to identify 
neurons as large pyramidal cells and neuroglia with many processes. Protoplasmic 
astrocytes present in the gray matter. Their processes have many branches, but they are 
shorter and thicker than those of fibrous astrocytes. Fibrous astrocytes present in the 
white matter, their processes are long, note particularly processes ends attach to the 
walls of blood capillaries. See oligodendrocytes and microglia in the demonstration 
slide. 
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4. Nerve Fiber  No. N6-10. Sciatic nerve. 
Nerve fibers are axons of nerve cells. The fibers are clustered into bundles which 
contain a few to over a million fibers. Bundles of nerve fibers in the periphery nervous 
system (PNS) are called peripheral nerves. Similar bundles in the central nervous 
system (CNS) are called nerve tracts. 
Peripheral nerves contain 3 major elements: axons, Schwann cells (form sheaths around 
axons) and connective tissue supporting elements, including blood vessels. 
1) No. N7 is a slide of sciatic nerve, cat, H.E., it contains both longitudinal (LS) and 
cross sections (XS). In LS, the axons appear as blue lines surrounded by pale empty 
tubules, the myelin sheaths, because the myelin of Schwann cells has been removed 
during fixation and dehydration. Myelin is formed by spirally wrapped membrane of 
Schwann cells. The nuclei of which can be seen among the myelin sheaths. 
The node of Ranvier is quite prominent. The pink staining material is collagen fibers of 
the endoneurium. In XS, the axons are pink dots each surrounded by a pale ring of 
myelin. 
2) No. N6 is a slide of sciatic nerve, human, H.E. You can identify the myelin sheaths, 
Schwann cells and other structures. 
3) No. N8 is stained with OsO4. This slide contains both longitudinal (LS) and cross 
sections (XS) of sciatic nerve. Myelin sheaths can be demonstrated by OsO4 (osmium 
tetroxide), which can preserve myelin, staining black. You can also identify the nodes 
of Ranvier in L.S. 
4) No. N9 is Mallory stain of sciatic nerve. This slide contains both longitudinal and 
cross sections of sciatic nerve. Occasionally, in LS, you can see the axons which are 
gray-blue lines surrounded by orange network the myelin sheaths protein. The nuclei of 
Schwann cells were stained red. The blue staining material is collagen fibers of the 
endoneurium. In XS, the axons are gray-blue dots each surrounded by orange ring of 
myelin protein. One can identify the blue staining connective tissue supporting 
elements: epineuruim, perineurium and endoneurium. 
5) Examine No. N10 (sympathetic nerve, human, I.H.), which are unmyelinated nerve 
fibers and few myelinated fibers, they are black-gray strings. Occasionally, you can see 
Schmidt-Lanterman clefts on some myelinated fibers. Under high power, nuclei of 
Schwann cells are ovoid in shape, their nuclei stained lighter than these of the 
connective tissue. 

 
4. Nerve Endings  No. Sk1. Finger skin, H.E. 
This slide demonstrates excellent examples of two cutaneous nerve receptors. The 
Meissner’s corpuscle is just below the epidermis. The Pacinian corpuscle which is a 
pressure detector found in the deep layer of the dermis, central unmyelinated nerve 
ending surrounded by thin concentric layer of collagen fibers and fibroblasts. In 
transverse section, this corpuscle resembles a sliced onion. 
See Free nerve ending, motor endplate and muscle spindle in demonstration slides. 

 
5. Nerve Ganglia 
An aggregation of nerve cell bodies outside the central nervous system is called a nerve 
ganglia. 
1) Spinal ganglia (dorsal root ganglia).  No. N11. H.E. 
Outside the nerve ganglia is dense connective tissue capsule. Groups of neurons, 
separated by fascicles of nerve fibers, are the main characteristic of this area. It contains 
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nerve cells with a single process (unipolar). Their cell body is round. Nissl bodies in the 
cytoplasm are in form of fine granules. Round nucleus and prominent nucleolus, usually, 
large cell is lighter, small one is darker. The large ganglion cells (neurons) are 
surrounded by the satellite cells, and their nuclei are darker and round. 
 
2) Sympathetic ganglia,  No. N12. Cervical ganglia, H.E. 
It have several histological features which distinguish them form spinal ganglia: a) Cell 
body is smaller than those in the spinal ganglia, and their nuclei are eccentric. Most of 
them are multipolar. b) Connective tissue capsule and satellite cells are not prominent. c) 
Distribution of the neurons is scattered, because fascicles of nerve fibers are not 
separating into groups. 

 
Demonstration slides: 

1. Neurofibrils  Cajal’s sliver stain 
2. Synapses 
3. Protoplasmic astrocytes 
4. Fibrous astrocytes 
5. Oligodendrocyte  
6. Microglia 
7. Schmidt-Lanterman clefts 
8. Meissner’s corpuscle   Cajal’s sliver stain 
9. Free nerve ending   Cajal’s sliver stain 
10. Muscle spindle   H.E./ Gold chloride 
11. Motor endplate   Gold chloride 
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CIRCULATORY SYSTEM 

Objectives: 
a) The structure and functional characteristics of elastic and muscular arteries and 

veins. 
b) The architecture and function of capillary. 
c) Be able to identify and to describe the morphology and location of Purkinje fibers 

of the heart. Distinguish between these fibers and those of ordinary cardiac muscle. 
 

1. Capillaries: 
a) No. Ci1.  Mesentery, whole mount, H.E. 
The slide Ci 1 is a whole mount of mesentery. There are arterioles, venules and network 
of capillaries in this slide. The nuclei of the flattened endothelial cells lining the 
capillary bulge into the lumen, which can be distinguish from those of the pericytes, 
which bulge outward. Notice in the arteriole the rows of nuclei of the circumferentially 
oriented smooth muscle cells. 
b) No. Sk1. Finger skin, H.E. 
Look for capillaries just beneath the epithelium. Capillaries have a lumen just large 
enough to permit the passage of an erythrocyte. The capillary endothelial cell nucleus is 
flattened. 
c) No. DG5. Liver, H.E. 
Laminae or plates of hepatic cells radiate from the central vein toward the periphery. 
The sinusoids of capillary are between the laminae. They are lined incompletely with 
endothelial cells and Kupffer cells. 
The sinusoid of capillary has the following characteristics: 

a. A tortuous path and greatly enlarged diameter. 
b. Absence in the walls of a continuous lining of endothelial cells. 
c. Absence of a continuous basal lamina. 

 
2. Arterioles and venules   No. DG2. Submandebular gland, H.E. 
In this section arterioles and accompanying venules are seen in the interlobular 
connective tissue. Arterioles also have a small lumen but they differ from capillaries in 
having one or more smooth muscle cells surrounding the endothelium. Venules have 
larger, more irregular lumen and usually lack the smooth muscle layer. 

 
3. Medium-size arteries (muscular arteries) and veins  Femoral artery 

and veins, No. Ci2. H.E., No. Ci3. Azocarmine / R.F. 
The artery has a thin intima resting upon a continuous internal elastic membrane which 
appears as a thin, wavy line when cut in cross section. The smooth muscle fibers of the 
media are closely packed and regularly arranged in circular orientation. The media is of 
uniform width around the circumference of the artery. The adventitia of the artery 
blends with the surrounding connective tissue. 
The veins lack a continuous internal elastic membrane. Their media is thinner, and its 
smooth muscle is arranged relatively irregularly and is intermingled with a substantial 
amount of connective tissue fibers. 
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4. Large artery  Aorta, No. Ci4. H.E., No. Ci5. R.F., No. Ci6. Azocarmine. 
Examine the tunica intima (interna). It is relatively free of elastic fibers in its inner part 
and has elastic fibers in its deeper part. Observe the endothelial lining (the endothelium 
may have been lost from some areas of the intima). The tunica media forms the main 
part of the wall of the aorta. It consists of a large number of fenestrated elastic 
membranes between which are collagenous fibers and smooth muscles. The elastic 
membranes are seen as the heavy bands of elastic tissue in the section. The cells in the 
media are smooth muscle cells. Surprisingly, they secrete the elastin and collagen 
present here. The exact boundary between the tunica media and the tunica intima is not 
clearly marked in the aorta. Outside the tunica media is the tunica adventitia (externa) 
containing collagenous fibers and very few elastic fibers. Observe the vasa vasorum 
and their penetration into the tunica media. 
 
5. Large vein    No.Ci7. H.E. 
The great veins are of very large caliber with thin collapsible walls. Note in particular 
the well developed adventitial layer, here bundles of smooth muscle cells run 
longitudinally. 
 
6. Heart  No.Ci8. Heart, H.E. 
Examine slide Ci8 with the naked eye. The thick mass in the section is part of the wall 
of the right ventricle. The thin-walled structure continuing from it in a straight line is 
the wall of the pulmonary artery, the flap of tissue extending laterally is a section of a 
pulmonary valve that is attached at the root of the pulmonary artery. Examine the 
endocardium of the ventricle under the microscope. Note the inner lining of 
endothelium and the subendothelial connective tissue with its elastic and collagenous 
fibers. On the outer wall or epicardium observe the outer layer of mesothelium (not 
always preserved), the underlying connective tissue, and the rich content of adipose 
tissue. Observe the myocardium under low power and note that the muscles fibers are 
arranged in large bundles. Observe the different orientations of the bundles to the plane 
of sections. 
The valve is covered by endothelium. Elastic fibers may present in the valve but most 
of the valve is made of dense collagenous tissue. 
 
7. Heart   No.Ci9. Sheep, H.E. 
Under low power, look the area immediately beneath the endocardium and observe that 
the cardiac muscle fibers here have a different appearance. Examine them with the high 
power and note that they stain lighter, are slightly larger in diameter, and have fewer 
myofibrils than ordinary cardiac fibers. These are the Pukinje fibers, the special impulse 
conducting fibers of the ventricles. 
 
Demonstration slides: 

1. Lymphatic vessels: 
The lymphatic vessels are very thin-walled vessels lined with endothelium. They can be 
distinguished from veins because they normally do not contain red blood cells. In their 
lumen may contain granular material-lymph proteins and varying numbers of 
lymphocytes. Valves may also be seen in the lymphatic vessels, particularly in 
longitudinal sections. 
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2. Valve of vein, H.E. 
3. Pericyte  
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IMMUNE SYSTEM 

Objectives 
a) The organization of lymphoid tissue into lymph follicles, paracortical tissue and 

medullary cords. 
b) Histology of the thymus & differences between cortex and medulla. 
c) The structural architecture of the spleen, including the presence of white and red 

pulp. 
 
1. Lymph Nodes  No. Im2. rabbit lymph node, H.E. 
Each lymph node consists of two main parts: a cortex and a medulla. Observe under 
low power the relatively sparse amount of connective tissue which constitutes the 
capsule of the lymph node. Afferent lymphatics around the convex margin of the node 
and the efferent lymphatics at the hilus (see demonstration). Identify the delicate 
connective tissue trabeculae which extend inward from the capsule. The fine reticular 
fibers which extend from both the capsule and the trabeculae constitute the reticular 
(net-like) framework of this organ (see demonstration). In the cortex the lymphocytes 
form discrete nodules or follicles which may show germinal centers. The nodules are 
regions where so called B lymphocytes are found. Between the lymphoid follicles are 
found diffuse aggregates of lymphocytes (T lymphocytes) in the paracortical fields. 
Continuous with the cortex are irregular aggregations of lymphocytes that run through 
the medulla of the lymph node. These are called medullary cords. Phagocytic cells are 
present in large numbers in the sinuses. Some are fixed or attached to the fine reticular 
fibers in the sinuses; many are not lining the sinuses but are stretched across them. 
Other macrophages are free, large, round cells in the sinuses. The distinction between 
fixed and free macrophages is not necessary. 
Look under high power at a lymph nodule. Most of the cells are the lymphoid series 
with characteristically intensely stained nuclei (small lymphocytes). However, scattered 
among these are cells with large, pale oval or elongated nuclei and barely discernible or 
indiscernible cytoplasm. The latter cells are the reticular cells which elaborate the 
reticular fibers of lymphoid tissue. 
The postcapillary venule (high endothelial venules) present in lymph nodes. These 
venules have an unusual tall cuboidal endothelial lining. 
 
2. Thymus  No. Im1. Child, H.E. 
The dense cortex is subdivided into separate lobules by connective tissue septa which 
extend inward from the capsule. The pale medullary areas are incompletely separated 
from each other by the septa and are continuous from lobule to lobule. The parenchyma 
of both the cortex and medulla consists of a mixture of lymphocytes and pale epithelial 
reticular cells. The form of the latter is difficult to delineate by light microscope since 
they are large branched cells. However, their large pale nuclei containing 1 or 2 
prominent nucleoli are distinctive. The relative preponderance of reticular cells in the 
medulla accounts for its pale appearance. Identify Hassall’s corpuscles, a unique feature 
of the thymus in the fetus and adult. They are concentrically lamellated structures. The 
outer lamellae consist of cells resembling reticular cells. The inner lamellae consist of 
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cornified material. Their function is unknown. 
3. Spleen  No. Im3, Human, H.E. 
a) Stroma. In this slide observe the branching and anastomosing connective tissue 

trabeculae which extend inward from the thick capsule of the spleen to form part of 
its internal framework. The tissue enclosed by the capsule and trabeculae is the 
parenchyma of the spleen and is called the pulp. It is supported by a network of fine 
fibers. Which type of fiber makes up this network? Observe under high power that 
the fine fibers are continuous with the capsule and trabeculae (see demonstration). 

b) White pulp. The white pulp is most easily identified under low power as aggregated 
of lymphoid tissue scattered through the parenchyma. The aggregates consist 
chiefly of numerous small lymphocytes interspersed with a few reticular cells. The 
aggregates are actually cylinders of lymphoid cells which encircle an eccentrically 
placed nutrient artery (“central artery”) and are, therefore, called periarteriolar 
lymphatic sheaths. Occasional follicles may be seen, some of which contain 
germinal centers. 

c) Red pulp. The remainder of the parenchyma is the red pulp which consists of broad, 
venous sinuses separated by narrow regions of tightly packed cells. The packed 
cells constitute the splenic or Billroth’s cords. They are lined by a single layer of 
very elongated endothelial cells which long axis oriented parallel to the length of 
the vessel. These cells appear round or triangular in cross section. They are 
surrounded by regularly spaced bundles of reticular fibers, arranged like hoops 
around a barrel. This unique arrangement of reticular fibers can best be seen in a 
section of spleen stained with silver-gold (see demonstration). In Im3 observe that 
sinuses contain the usual cellular constituents of blood, whereas, the splenic cords 
contain these cells as well as plasma cells and macrophages. Cells of the cords are 
difficult to identify, but the macrophages, which destroy old erythrocytes, contain 
bright orange deposits of hemosiderin, a protein in which iron derived from the 
breakdown of hemoglobin is stored. 

d) Vascular supply. The splenic artery enters the hilus and sends arterial blood 
throughout the organ via branches in the trabeculae. Identify trabecular arteries in 
Im3. The latter give off branches to the pulp called central arteries which, as they 
leave the trabeculae, acquire a continuous coat of white pulp (periarteriolar 
lymphatic sheath). In places, the mass of lymphoid tissue surrounding the central 
artery is quite extensive and may contain nodules or follicles. The latter are most 
apparent where the elongated lymphoid masses are cut in cross section. Note that 
the “central” arteries, which are actually arterioles, pass eccentrically through the 
sheath and give off branches which ramify through the lymphoid tissue. You can see 
the sheathed artery which consists of macrophages surrounding the endothelium 
(see demonstration). You need not attempt to trace the vascular pathways from these 
arterioles to the trabecular veins. However, you should be aware that after blood 
passes through the white pulp it eventually flows through the sinuses of the red pulp 
as well as through the mesh of cells within the splenic cords. The trabecular veins 
join at the hilus to form the splenic vein. 

 
4. Unencapsulated lymphoid tissue  No. Im4. Palatine tonsil, H.E. 
In the palatine tonsil, appendix (DT11) and Peyer’s patches of the ileum (DT9) note 
how extremely dense are the aggregations of lymphocytes and how these cells invade 
the adjacent tissue. Definitive lymphatic sinuses like those in encapsulated lymphoid 
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tissue are absent. The primary function of the nodules appears to be production of 
lymphocytes for local use. In order to help determine the region of the body from which 
the nodules were taken, identify the type of epithelium overlying them. Observe the 
deep crypts in tonsils, first with the inverted ocular and then under the microscope. 
Identify lymph nodules with germinal centers and the dense mass of lymphocytes in the 
peripheral part of the nodules. Note the infiltration of lymphocytes into the surrounding 
connective tissues in No. Im4 and DT11. 
 
Demonstration slides 

1. Efferent lymphatics at the hilus 
2. Reticular fibers in lymph Node and spleen 
3. Postcapillary venule 
4. Sheathed arteriole 
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ENDOCRINE GLANDS 

Objectives 
a) Be able to identify and describe the histological organization of the hypophysis 

(pituitary).  
b) Structural characteristic of thyroid gland. 
c) Structural characteristic of parathyroid gland. 
d) Structural characteristic of adrenal gland. 

 
1. Pituitary (hypophysis) 
1) Pituitary,  No. En2. Monkey, H.E. 
This is a sagittal section through the pituitary. Under low power, you can recognize: 
The adenohypophysis has three parts: The pars distalis is the largest part of the gland, 
and extension from it, the pars tuberalis, passes superiorly, anterior to neural stalk. The 
third part, the pars intermedia is a thin cellular partition. Normally it is separated from 
the pars distalis by the residual lumen of Rathke’s pouch (sometimes not apparently). 
The neurohypophysis also consists of three parts. The major portion is the pars nervosa 
which superiorly continues into the infundibulum. The infundibulum and pars tuberalis 
together constitute the hypophyseal stalk. 
The pars nervosa contains the non-myelinated axons of neurosecretory cells, the cell 
bodies of which are located in the hypothalamus. The neurosecretory axons are 
supported by cells called pituicytes, which are similar in structure and function to the 
neuroglial cells of the central nervous system. Most of the nuclei seen in this slide are 
those of pituicytes, the axons of the neurosecretory cells are indistinguishable from the 
cytoplasm of the pituicytes in H.E. preparations, but the acidophilic Herring’s bodies, 
the neurosecretory granules  accumulated in the axon, can be seen. A rich network of 
fine, fenestrated capillaries pervades the posterior pituitary. 

 
2) Pituitary,  No. En1, Human, H.E. 
The secretory cells of the pars distalis are classified into two groups according to their 
staining affinity: chromophils and chromophobes. 
a) Chromophils: The chromophils have been subdivided into two groups, acidophils 

and basophils. Acidophil cells stain bright pink. They are larger than chromophobes 
and their cell boundaries are distinct. Functionally, the acidophils are two types: 
somatotropic cells and mammotropic cells. Basophil cells tend to be a little larger 
than acidophils and their cytoplasm stain basophilic. There are three separate types 
of basophils, each of them secretes one of the trophic glycoprotein hormones: they 
are gonadotropic cells, thyrotropic cells and corticotropic cells. 

b) Chromophobes: The chromophobes are the smallest cell type in the pars distalis, 
They have little affinity for either acidic or basic dyes. Part of the chromophobes is 
thought to be degranulated or resting forms of chromophil cells, the others are 
undifferentiated cells and follicular cells (support cells).  

All the cells of the pars distalis form cords of secretory cells which are surrounded by a 
rich network of fenestrated capillaries. The basement membranes surround the clumps 
of epithelial cells. 
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Colloid-filled follicles can be seen in the pars intermedia. 
 
2. Thyroid gland  No. En4. H.E. 
Thyroid gland is composed of follicles, which are irregular, spheroidal structures, 
grouped together by connective tissue septa. The latter also carry blood vessels and 
lymphatics. The follicles are variable in size, lined by cuboidal epithelium, and contain 
homogeneous colloid material which is stained pink. Small clusters of cells found in the 
interfollicular space are parafollicular cells. But it is difficult to distinguish them from 
the tangential section of the follicular cells. 

 
3. Parathyroid gland  No. En5. H.E. 
The capsule of parathyroid gland gives rise to delicate connective tissue septa, which 
divide the parenchyma into dense, cord like masses of secretory cells. The septa carry 
blood vessels, lymphatics and nerves. The gland contains two types of cells, one is 
principal or chief cell, which are most abundant, and they are polygonal in shape, with a 
prominent nucleus and relatively little cytoplasm. The other is oxyphil cells, which are 
larger, less numerous than the chief cell, tend to occur in clumps. They have smaller 
densely stained nuclei and strongly eosinophilic cytoplasm. 

 
4. Adrenal gland  No. En3. Human, H.E. 
Connective tissue capsule invests the whole gland. At lower magnification, the adrenal 
gland is seen to be divided into an outer cortex and inner medulla. A prominent vein is 
characteristically located in the center of the medulla. At higher magnification, the 
cortex can be further divided into three zones according to the arrangement of the cells. 
a) Zona glomerulosa lying beneath the capsule, contains cells arranged in irregular, 

ovoid clumps. The cells have round, strongly stained nuclei and little cytoplasm. 
b) Zona fasciculate consists of parallel cords of cells, which are polyhedral with 

central nuclei, the cytoplasm contains a great number of lipid droplets. As a result of 
dissolution of lipids during tissue preparation, the fasciculate cells appear highly 
vacuolated. 

c) Zona reticularis, the inner most layer, is consists of an irregular network of closely 
packed clumps of cells, between these cells numerous capillaries present. 

d) Medulla  Medullary cells have large granular nuclei and basophilic cytoplasm. 
When fix the adrenal gland in a fixative that contains chrome salts, the stored 
catecholamine granules in the medullary cells are oxidized to brown color, refered 
to the chromaffin cells (see demonstration). Sympathetic ganglion cells may occur 
singlely or in small group (see demonstration) in the medulla. 

 
Demonstration slides: 

1. Acidophils, basophils and chromophobes in pars distalis 
2. Oxyphil cells in parathyroid gland 
3. Sympathetic ganglion cells in the medulla of adrenal gland 
4. Chromaffin cells fixed with chrome salts 
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SKIN 

Objectives 
a) The structural characteristics of cells in various layers of the epidermis. 
b) The variation in structure of the epidermis covering different regions of the body. 
c) The general structure and growth characteristics of hair. 
d) The pattern of sensory innervations of the skin. 
e) The structure and function of sebaceous and sweat gland. 
 
1. Epidermis  No. Sk1-3. Skin, H.E. 
Study thick epidermis in the finger tip (No. Sk1). Identify the basal layer of cells and 
the stratum spinosum. Under oil immersion power observe the “intercellular bridges” 
(see demonstration). Identify the stratum granulosum, keratohyalin granules, and the 
extremely thick stratum corneum. Study thin epidermis in No. Sk2. Compare thick and 
thin epidermis for each of the following strata: basal layer, spinosum, granulosum, and 
corneum. Which layer shows the most change? In scalp (No. Sk3) note the melanin 
granules in the pigmented epidermis of the scalp. Note that these granules are most 
concentrated in the basal part of the epidermis in the Negroes skin (see demonstration). 
Stratum Lucidum is clear in special stain slide (see demonstration). 

 
2. Dermis and Subcutaneous tissue 
In Sk1 study the numerous dermal papillae in the finger tip. They make the 
epidermal-dermal boundary highly contoured. Meissner’s corpuscles are especially 
numerous in the papillae of the finger tip. In Sk1 or Sk3 observe the subcutaneous 
tissue below the dermis. It contains much adipose tissues and some Pacinian corpuscles. 

 
3. Sweat glands 
In No. Sk1, look at the deeper part of the dermis and identify secretory and excretory 
portions of the coiled tubules of sweat glands. How do they differ in histological 
structure? Follow the excretory ducts to the surface of the skin and observe their 
passage through the thick epidermis. The secretory portion of all sweat glands has 
myoepithelial cells, which are cells with long flat nuclei lying at the base of epithelial 
cells of the glands just inside the basement membrane. By their contraction they help 
the ejection of the contents of glands. 

 
4. Hair, Sebaceous glands, arrector pili muscles 
In Sk3 identify the following: hair shaft, hair follicle consisting of internal root sheath 
and external root sheath, and the outer connective tissue layer. The external root sheath 
is continuous with the surface epidermis. Identify the hair papilla, a connective tissue 
structure forming a deep indentation at the bottom of the hair follicle. The epithelia 
cells surrounding the papilla form the hair matrix. This is the germinal part of the hair 
follicle and is responsible for growth of the hair. Mitotic cells are frequently seen in the 
hair matrix. It should be appreciated that hairs are epithelial derivatives with little 
intercellular material. Be sure you understand how proliferation of cells in the matrix 
gives rise to the cells of the hair shaft and the internal root sheath. In the same slide 
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observe in the region of the hair matrix the abundant melanin granules that will be 
incorporated into the hair and give it color. These granules are formed by melanocytes 
in the matrix region. Note that as cells from the matrix move up to the hair shaft, the 
nuclei become more and more condensed and finally disappear. The region where these 
changes occur is called the keratogenous zone of the hair. 
The sebaceous glands are attached to the upper part of the hair follicle. As their cells 
differentiate they accumulate fatty materials. Therefore, in ordinary histological 
preparations their cells are highly vacuolated since the lipids are extracted. The cells 
degenerate and their oily contents are deposited around the hair shaft to form sebum. 
Identify arrector pili muscles, at one end these muscles attach to the connective tissue 
sheath of the hair follicle just below the sebaceous glands, and at the other end to the 
connective tissue of the dermis just below the epidermis. What are their functions? 

 
Demonstration slides 

1. Pigment in Negroes skin 
2. Stratum Lucidum 
3. Intercellular Bridge，100× 
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DIGESTIVE TRACT 

Objectives 
a) General plan of the digestive tract: mucosa, submucosa, muscularis and adventitia. 
b) The structure of tongue including taste buds. 
c) The nonabsorptive character of the mucosa and the unique muscularis of the 

esophagus. 
d) The gastroesophageal junction and gastroduodenal junction--- epithelial transition. 
e) The histologic characteristics of the cardiac and pyloric regions of the stomach. 
f) The histologic characteristics of the fundus of the stomach. 
g) The structure of an intestinal villus as an absorptive unit. 
h) The crypts of Lieberkuhn, their secretory function and the site of formation of cells 

for epithelial turnover. 
i) Structure of the large intestine and the appendix. 
j) The histologic characteristics of different parts of small intestine. 
 
1. Tongue  No. DT1-3. H.E. 
The surface of the tongue, as well as the rest of the oral cavity and the esophagus, is 
lined with nonkeratinized stratified squamous epithelium. This is a nonabsorptive 
epithelium capable of resisting mechanical abrasion. Numerous papillae (filiform, 
fungiform, circumvallate) project from the dorsal surface of the tongue. 
Identify filiform papillae in No. DT1, fungiform papillae in No. DT2, and the large 
circumvallate papillae in No. DT3. The core of the tongue consists mainly of 
interdigitating bundles of skeletal muscle fibers intermingled with glands. Identify taste 
buds along the lateral surfaces of the circumvallate papillae. They are small ovoid 
bodies extend the full thickness of the epithelium, and opening at the surface via a pore 
known as taste pore. Each taste bud contains three types of cells, they are supporting 
cells, basal cells, and gustatory cells, the latter are cells with lighter staining nuclei. 
Connected with the circumvallate papillae are glands of serous type, called gland of von 
Ebner, their excretory ducts open into the trough of the papillae. 

 
General structure of the digestive tract: 

In studying the component parts of the alimentary tract, observe 
epithelium 

1) mucosa   lamina propria 
muscularis mucosa 

2) submucosa 
3) muscularis sterna 
4) serosa or adventitia 

Note particularly in each case the character of the epithelium and the disposition and 
thickness of the other layers. This will help to differentiate the segments of the digestive 
tract. 

 
2. Esophagus  No. DT4. H.E. 
Under low power find the lumen of the esophagus. Immediately surrounding the lumen 
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is a thick stratified squamous epithelium. Underneath the epithelium is the lamina 
propria, which is composed of loose connective tissue rich in blood and lymph vessels. 
Muscularis mucosa is a thin layer of smooth muscle, separating the mucosa from 
submucosa. Observe the numerous blood vessels and esophageal glands in the 
connective tissue of the submucosa. Finally, examine the thick muscularis externa. It 
will contain smooth muscle if the section is taken from the lower part of the esophagus. 
Basically, the inner layer of muscularis is circular and the outer longitudinal, but the 
arrangement of the muscle is less regular than elsewhere in the tract. The esophagus is 
loosely attached to surrounding structures by a loose connective tissue covering called 
the adventitia. 

 
3. Fundic stomach  No. DT5, 6. H.E. 
The surface epithelial lining consists of columnar, mucous secreting cells --- surface 
mucous cells. At intervals the epithelium dips downward forming the gastric pits. In 
lamina propria, the straight tubular glands, gastric glands, open into the bases of the 
gastric pits. What is the proportionate length of a pit to gland? 
Three different regions of the stomach (cardiac, fundic and pyloric) are distinguished on 
the basis of the histological characteristics of the glands in the mucosa. The gastric 
glands of the fundus and body are similar in appearance, so the term fundic gland is 
used for both even though it is not an accurate anatomical designation. 
Within the glands of the fundus, three types of cells can be identified: Mucous neck 
cells occur in the neck region interspersed with parietal cells, they have irregular shaped 
nuclei and are clearly distinguished by PAS positive staining. Parietal cells are easily 
recognized by their triangular shape and acidophilic cytoplasm. They are concentrated 
in the walls of the gastric gland between mucous neck cells and among the zymogenic 
or chief cells in deeper parts of the gland. Zymogenic or chief cells are located in the 
deeper parts of the gland. In routine preparations, the secretory granules are not 
preserved, giving a vacuolated appearance to the apical portion of the cell. The basal 
region is typically basophilic because of the abundance of rER. Argentaffin cells occur 
in the deepest parts of the gland, but are not recognizable in H.E. stain. 
Underneath the base of the glands, find the muscularis mucosa, usually it consists of an 
inner circular, outer longitudinal muscle layers. Submucosa consists of coarse 
connective tissue, in which larger blood vessels and lymphatic vessels are located. The 
muscularis externa is rather thick and consists of three layers: inner oblique, middle 
circular and outer longitudinal. The outer surface of stomach is covered with serosa, 
which is composed of a thin layer of loose connective tissue and a mesothelial lining. 

 
4. Gastro-esophageal junction. (see demonstration), note the epithelial 

transition. 
 
5. Gastro-duodenal junction. (see demonstration), note the epithelial transition. 
 
6. Small intestine  No. DT7-9.  No. DT12. 
1) Jejunum  No. DT8. H.E. 
This is a longitudinal section of jejunum. Notes the large plicae circulares, consist of 
mucosa and submucosa. 
Unlike the rest of the digestive tract, the small intestine is characterized by villi, the 
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finger-like projections of mucosal epithelium with a lamina propria core, which 
increase the absorptive surface. Within the mucosa, invaginations of the intestinal 
epithelium, the crypts of Lieberkuhn open between the villi. Under high power, identify 
the absorptive cells, goblet cells and Paneth cells (at the base of the glands) (see 
demonstration). Paneth cells contain acidophilic secretory granules which are usually 
not preserved, leaving a vacuolated apical cytoplasm. The nuclei of Paneth cell are 
round and pale, which are different from the dark triangular nuclei of goblet cells. As in 
the stomach, argentaffin cells are usually not recognizable with H.E. stain, but can be 
recognized by silver salts impregnation (No. DT12), with dark brown granules in the 
basal part of the argentaffin cell. 
The submucosa has particularly abundant autonomic ganglia, lymphocytes and 
lymphoid tissue, but no submucosa gland can be found. The muscular layer is 
particularly well developed, with clearly defined inner circular, and outer longitudinal 
layers. Between these layers is the myenteric plexus of autonomic ganglia and fibers. 
The outer surface of jejunum is covered with serosa. 

 
2) Duodenum  No. DT7. H.E. 
This is a cross section of duodenum. In the submucosa, the glands of Brunner which are 
mucous glands in human, form the landmark of the duodenum. 

 
3) Ileum   No. DT9. H.E. 
In the ileum, the lymphoid nodules in the lamina propria and submucosa aggregate, and 
are called Peyer’s Patches. They are a useful landmark in distinguishing the distal part 
of the small intestine. 

 
7. Large intestine 
1) Colon    No. DT10. H.E. 
The surface of the colon is smooth and lacks villus. It is lined with a simple columnar 
epithelium with numerous goblet cells. The muscularis externa composed of inner 
circular and outer longitudinal muscular layers.  

 
2) Appendix  No. DT11. H.E. 
The appendix is characterized by a relatively small, narrow, and irregular lumen, 
sometimes fecalith can be seen in the lumen. The histologic characteristics are the same 
as the colon except there are nodular dense accumulations of lymphocytes in the lamina 
propria and even in the submucosa. 

 
Demonstration slides 

1. Gastro-esophageal junction 
2. Gastro-duodenal junction 
3. Mucous neck cells  
4. Paneth cells 
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DIGESTIVE GLANDS 

Objectives 
a) General organization of a gland into duct system and secretory acini. 
b) Distinguish three types of salivary glands. 
c) The structure of pancreas. Exocrine portion and endocrine portion. 
d) The cellular components of pancreatic islet. 
e) The components of a liver lobule including the arrangement of hepatic cells within a 

lobule. 
f) The unique features of hepatic sinusoids. 
g) The histological structure of the wall of the gall bladder. 
 

 
1. Three large salivary glands 
1) Parotid  No. DG1. H.E.  
The glands is subdivided into lobules by connective tissue septa which contain blood 
vessels and the large ducts. Identify the secretory unit of the gland, the acinus (pl. 
Acini). Only serous acini can be seen in parotid gland. At higher magnification, identify 
the round nuclei and the basophilic cytoplasm in the basal part of the serous 
(zymogenic) cells. 
Study the duct system, the first portion of the duct is called the intercalated duct (see 
demonstration) and is characterized by a squamous or low cuboidal epithelium. The 
next portion is lined by a simple columnar epithelium and is called the secretory or 
striated duct because of the prominent vertical striations visible at the base of the cell. 
Intercalated and striated ducts are intralobular ducts. The large ducts are found in the 
connective tissue septa which subdivide the gland. These are the interlobular ducts. All 
of the salivary glands have a similar duct system. The myoepithelial cells form a single 
layer of flattened cells lying between the basal surface of the secretory epithelial cells 
and the basement membrane. They are thought to have a contractile function. Although 
they are present in salivary glands, but are inconspicuous. 

 
2) Submandibular gland  No. DG2. H.E. 
In submandibular gland, two different types of acini are present, serous and mucous. 
Serous acini are predominate. At higher magnification, identify the cytoplasmic 
basophilia in the basal part of the serous (zymogenic) cells and the zymogen granules in 
the apical portion of these cells. Note the position of the nucleus. What material is 
contained in the zymogen granules? The serous cells are arranged in clumps or acini, 
surrounded by basement membrane. 
Besides serous cells, the mucous cells are generally characterized by a foamy-appearing 
cytoplasm which is the result of extraction of the secretory product from the cells. In 
the living cell, the apex is filled with spherical secretory droplets called mucous 
droplets which displace the nucleus to the base of the cell and often flatten it. A mucous 
acinus may be capped by a group of serous cells and form the demilune. 
Compare the structure of the submandibular glands with that of the parotid (slide DG1) 
and sublingual (slide DG3) glands with respect to relative proportions of serous and 
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mucous cells. 
2. Pancreas  No. DG4. H.E. 
Exocrine Pancreas. Study the organization of the Pancreas. Observe the thin connective 
tissue septa which divide the organ into lobules. Identify ducts coursing within the septa 
between lobules and others within the lobules. They are lined with cuboidal to low 
columnar epithelium. Study the acini and identify the basophilic base of the acinar cells, 
what is the significance of the basophilic material at the bases of the acinar cells? 
Observe the apically placed eosinophilic zymogen granules, and the lumen of the 
acinus. A unique feature of the pancreas is the centroacinar cells. They are pale, ductal 
type cells present in the center of each acinus. As in the salivary glands narrow 
intercalated ducts lined with cuboidal epithelium drain the secretory acini. There are no 
striated ducts, but intralobular ducts in the pancreas. 
Endocrine Pancreas. Note also in this slide the spherical clusters of cells which stain 
lightly and do not have the characteristic of the acinar cells. These groups of cells 
arranged in cords comprise the endocrine portion of the pancreas and are called islets of 
Langerhans. They contain α and β cells which secrete glucagon and insulin respectively. 
These two cell types can be selectively stained by special stain such as the Gomori stain 
(see demonstration). Identify the α cells which are stained pink, and the β cells which 
are stained lighter than α cell. There are additional types of parenchymal cells within 
the islets including D cells which secreted somatostatin (see demonstration) but they are 
not revealed by H.E. stain. Among these cells are sinusoids usually filled with blood 
cells. In the pancreas of diabetic mouse, the granules in β cells of islets of Langerhans 
are reduced or disappeared (see demonstration).  

 
3. Liver 
1) Liver  No. DG5. H.E. 
Under the low magnification, find the structural unit of liver, which is called liver 
lobule. In pigs, liver lobule is well demarcated by connective tissue boundaries (see 
demonstration). Each liver lobule is roughly delineated hexagonal in shape when seen 
in the section. But in human liver, the boundaries of liver lobules are not clearly 
demarcated. Branches of hepatic artery and hepatic portal vein ramify throughout the 
liver within the connective tissue bounding the liver lobule, the larger vessels tending to 
be concentrated at the angles of the lobule margin in the so called portal canals. Each 
canal contains branches of the hepatic artery, portal vein, bile duct, and hepatic 
lymphatics. Imaginary lines linking adjacent portal canals outline the liver lobules. At 
the center of each lobule is a central vein. Rows of hepatocytes radiate outward from 
the central vein toward the periphery of the lobule. Hepatocytes have acidophilic 
cytoplasm and their nuclei are large and spherical. Some cells are binucleate. Between 
them are the hepatic sinusoids carrying blood from the hepatic artery and portal vein to 
the central vein. In the hepatic sinusoids, there are the Kupffer cells, which are 
phagocytic and belong to the mononuclear phagocyte system. Examine them at high 
magnification in slide No. DG6 after they have ingested dye, such as trypan blue or 
carmine. This dye was injected intravenously before the rat was autopsied. The other 
type of lining cell is the ordinary endothelial cell. It is not phagocytic. The central vein 
progresses along the lobule at its end, and leaves the lobule at its base by merging into 
sublobular vein. 
Apart from the connective tissue of the portal canals, the structural framework of the 
hepatic lobules consists of reticular fibers which are arranged in small bundles located 
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between the endothelial lining cells of the sinusoids and the hepatocytes. These are 
selectively stained with silver-impregnation method (see demonstration). 
2) Liver No. DG7.  PAS+ H 
In this slide the glycogen appeared as small particles stored in the hepatocytes. 

 
3) Liver bile canaliculi  No. DG8.  AgNO3 
Bile, the exocrine product of the hepatocytes, is initially secreted into the bile canaliculi 
and then passes into Hering canals (intralobular canals, see demonstration) and 
branches of the hepatic duct. The bile canaliculi are tiny passageways between adjacent 
hepatocytes. They can be visualized when they are selective stained (see 
demonstration). 

 
4.  Gall Bladder  No. DG9.  H.E. 
Note: portion of liver parenchyma are located at the border of this tissue specimen. 
The mucosa, lining of the gall bladder is thrown up into folds. At higher magnification 
the lining epithelium can be recognized as simple columnar. The lamina propria is 
highly vascular. Layers of smooth muscles are arranged circularly in the wall of the gall 
bladder. Serosa covers the outer surface of bladder. 

 
Demonstration slides 

1.  Intercalated duct and striated duct in salivary gland  H.E. 
2.  Intercalated duct in pancreas     H.E. 
3.  Islets of Langerhans            Gomori stain 
4.  D cells in islets of Langerhans    Immunohistochemistry 
5.  Islets of Langerhans of normal mouse 
6.  Islets of Langerhans of diabetic mouse  
7.  Lobule in pig liver.             H.E. 
8.  Hering canal in liver.            H.E. 
9.  Reticular fibers in liver          AgNO3 
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RESPIRATORY SYSTEM 

Objectives 
a) The histologic structure of the nasal mucosa and the trachea. 
b) The histologic structure of successive subdivisions of the bronchial tree. 
c) The structure of an alveolus. 
 
Respiratory system divided into two principal divisions: the conducting portion and the 
respiratory portion. 

 
1. Nasal cavity  No. Re1.  Azocarmine 
This is a coronal section through the nasal septum. 
Lower part is respiratory portion, the nasal mucosa are lined with pseudostratified 
columnar ciliated epithelium with numerous goblet cells, and are supported by a 
basement membrane. The richly vascular lamina propria containing serous and mucous 
glands. The lamina propria is attached to the perichondrium of the nasal septal cartilage. 
The olfactory epithelium is an area located in the roof of the nasal cavity (the olfactory 
portion). The olfactory epithelium is tall, pseudostratified columnar epithelium contains 
cells of three types: Olfactory cells are bipolar neuron with round nuclei, a single 
dendritic process extents from cell body to the free surface. At the basal aspect of the 
cell gives rises to a single non-myelinated axon which penetrates the basement 
membrane and joins to the axon of the other cells form the nerve bundle. Supporting 
cells are elongated cells with their tapered bases resting on the basement membrane. 
Basal cells are small conical cells with flat nuclei lying at the base of basement 
membrane. In lamina propria serous glands are present. Under the lamina propria is the 
periosteum of the nasal septal bone. 

 
2. Trachea  No. Re2. H.E. 
This is the cross section of trachea. The free ends of the C-shaped hyaline cartilage ring 
are joined by smooth muscle. 
Study the ciliated pseudostratified epithelium with the goblet cells. The trachea 
epithelium is supported by a prominent basement membrane. There are numerous 
elastic fibers, cutting cross section in the connective tissue just beneath the epithelium. 
The mixed tracheal glands lie principally in the submucosa. They reach the epithelial 
surface by way of ducts, and are separated from the lamina propria by a dense feltwork 
of fibers. The tissue with the hyaline cartilage is called tunica adventitia. 

 
3. Lung  No. Re3. H.E. 
Identify small bronchi, they have a few small plaques of cartilage in their wall and are 
lined by respiratory epithelium. A thin and discontinuous layer of smooth muscle fibers 
intervenes between the epithelium and cartilage. As the small bronchi become smaller, 
the goblet cells disappear, and the columnar epithelial cells lose their cilia. The 
epithelium of the terminal bronchiole contains either columnar or cuboidal epithelium. 
The next segment of the airways, the respiratory bronchiole, is lined with simple 
cubodial epithelium and is distinguished by the occasional alveoli that rise open from 
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its wall. Identify the broad channels called alveolar ducts that arise from the respiratory 
bronchioles. Their wall become discontinuous and consists of a succession of alveoli, 
the mouths of which are outlined by thin connective tissue and network of smooth 
muscle cells, they appear as knobs between adjacent alveoli. 
Now examine the structure of the alveolar wall. Try to find a suitable area so you will 
be able to identify three types of cells: 
a) The flattened type I pulmonary cell forms the main lining of the alveolar wall. It has 

an elongate nucleus, and its cytoplasm is not clearly visible in the light microscope. 
The alveolar capillaries can also be observed in this slide. Observe the blood cells 
as they course single file through the capillaries. Elongate nuclei of capillary 
endothelial cells may also be observed. The cytoplasmic boundaries of type I 
epithelial cells and of endothelial cells can not be discerned by light microscopy. 
The nuclei of both types of cells are similar since both are of simple squamous 
epithelium. The nuclei of the cells can be distinguished from each other in favorable 
areas where the nucleus bulges into the capillary lumen (endothelial nucleus) or into 
the alveolar air space (Type I cell). 

b) The cuboidal type II pulmonary celll, with abundant vacuolated cytoplasm, occurs 
either singly or in groups between type I pulmonary cells, their nuclei are rounded. 
These cells are involved in the secretion of a detergent-like substance--- pulmonary 
surfactant, essential for reducing surface tension at the alveolar surface and thereby 
preventing collapse of the alveoli. 

c) There are many alveolar macrophages (dust cells) which contain granules and either 
lie free in the lumen of the alveolus or within the connective tissue of the lung. 
Their nuclei are oval. These cells originate from blood monocytes and are part of 
the mononuclear macrophage system. 

Study the blood vessels of lung (see demonstration). Branches of the pulmonary artery 
traverse the lung in company with the bronchi, while branches of the pulmonary vein 
pursue a solitary course. The arteries and veins conduct blood under relatively low 
pressure and, consequently, are thin-walled. Observe the extensive capillary plexus in 
the wall of the alveoli taken from a rat injected intravascularly with India ink. 

 
Demonstration slides 

1. Type II pulmonary cell,  HE 
2. Type II pulmonary cell,  OsO4 fixation 
3. Pulmonary macrophage,  H.E. 
4. blood vessels of lung 
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URINARY SYSTEM 

Objectives 
a) The nephron and its components as the unit of structure and function in the kidney. 
b) The light and electron microscopic structure of each component of the nephron. 
c) The two types of nephrons in the kidney, and the involvement of juxtamedullary 

nephrons in urine concentrating mechanisms. 
d) The vascular supply of the cortex and medulla, adaptation of the vascular supply of 

the medulla to prevent dissipation of the hypertonic gradient in the medulla. 
e) General structure of the urinary bladder and passageways (ureter and urethra). 
 
1. Kidney  No. Ur1. Kidney, H.E. 
The substance of the kidney is divided into cortex and medulla. The cortex is covered 
by a capsule and perirenal connective and adipose tissues. 
a) Kidney cortex:  

In the cortex are seen alternating areas of convoluted tubules and glomeruli, and 
areas of straight tubules; these regions are called cortical labyrinth and medullary 
rays respectively. The cortical labyrinth is made up of renal corpuscles (Bowman’s 
capsules and glomeruli) and adjacent proximal and distal convoluted tubules of 
nephrons, together with interlobular arteries and veins. The medullary rays contain 
straight portions of nephrons and collecting tubules. 
At a higher magnification, the renal corpuscles are the most distinctive components 
of the cortex. The center of each corpuscle consists of a cluster or capillary loops 
(the renal glomerulus) coated with a layer of podocytes (visceral layer of Bowman’s 
capsule). Nuclei of podocytes, protrude into the urinary space, are larger and stain 
less intensely than the endothelial cell nuclei. The wall of the corpuscle is lined with 
simple squamous epithelium (parietal layer of Bowman’s capsule). The glomerular 
basement membrane is interposed between the capillary endothelium and the 
visceral layer of Bowman’s capsule. These two layers are difficult to distinguish 
from one another by light microscopy. Surrounding each corpuscle are many 
convoluted tubules. These are of two types, proximal convoluted and distal 
convoluted tubules. 
The proximal convoluted tubules are numerous, have a relatively small, often 
uneven lumen and are composed of large broad cuboidal cells whose cytoplasm 
stains deeply with eosin. Brush borders are present but are not always well preserved 
in sections. 
The distal convoluted tubules are fewer in number, have a larger regular lumen, the 
cells are smaller and more distinctly cuboidal, their cytoplasm stains less deeply 
with eosin, and brush borders are not present. 
The medullary rays include three types of tubules. The straight (descending) 
segments of proximal tubules are generally similar in structure to the convoluted 
parts of proximal tubules. The straight (ascending) distal segments are generally 
similar in structure of distal convoluted tubules. Collecting tubules are distinct 
because of their lightly stained cuboidal cells with visible cell membranes. 

b) Kidney medulla:  
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The parenchymal components of the medulla consist of collecting ducts which 
empty at the apex of the pyramid and ascending and descending thin limbs of 
Henle’s loop. The latter have a thin squamous epithelial lining similar to the 
endothelium of capillary. Capillaries can be singled out by the erythrocytes in their 
lumen. Near the corticomedullary border, the ascending and descending limbs of 
Henle’s loop are lined by taller, cuboidal epithelial cells. 
 

2. Ureter   No. Ur2. Ureter, H.E. 
The undistended ureter has a convoluted lumen, the convolutions being due to 
longitudinal mucosal folds. The ureter wall consists of a mucosa, muscularis and 
adventitia. 
The mucosa consists of transitional epithelium and lamina propria. The epithelium has 
several layers of cells. 
The muscularis consists of an inner longitudinal layer and an outer circular layer of 
smooth muscle which are not always clearly defined as two layers. An outer 
longitudinal layer is also present in the lower ureter. 
The adventitia is continuous with surrounding connective tissue and adipose tissue in 
which are numerous blood vessels and small nerves. 
 
3. Bladder   No. Ur3. Bladder, H.E. 
The urinary bladder wall is composed of 3 layers: mucosa, muscularis and adventitia or 
serosa. 
The mucosa is composed of transitional epithelium and lamina propria. When the wall 
of the bladder is contracted, it is comprised of 6-8 layers of cells. When the bladder is 
distended, the epithelium is thin and the cells are greatly flattened and stretched. The 
most characteristic feature of the transitional epithelium is the presence of large bulging 
cells in the superficial layer. In distended bladders the superficial cells are flat and thin, 
in contracted bladders a more cuboidal configuration may be observed. This slide was 
fixed in a contracted condition. The epithelium is attached to the muscularis by a 
lamina propria. The lamina propria is composed of loose connective tissue with large 
numbers of vascular and lymphatic spaces. Nerves and elastic fibers are also present.  
The muscularis is a thick coat. It is divided more or less in three layers. The middle 
layer is the widest. Actually, the muscle fibers are arranged in anastomosing bundles 
between which are loose connective tissue. In this section, the groups of muscle fibers 
are seen in various planes and three layers are difficult to distinguish. Externally the 
muscularis is covered by variable amounts of adventitial tissue. 
 
Demonstration slides 

1. Juxtaglomerular cell and Macula densa    HE 
2. Juxtaglomerular cell,     histochemistry stain 
3. Thin limb and capillary 
4. Blood vessels injection 
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MALE REPRODUCTIVE SYSTEM 

Objectives 
a) With the aid of a diagram be able to discuss the phenomenon of spermatogenesis 

within a seminiferous tubule, indicating the various cell types involved and their 
relation within the tubule. 

b) Be able to discuss the structure and functions of the Sertoli cell. 
c) Be able to discuss the mechanisms with aid in the transport of sperm from the 

seminiferous tubule to their site of storage in the epididymis. 
d) Familiarize yourself with the histological structure of the prostate gland and the 

seminal vesicles and the functions of these organs. 
 
1. Testis and excretory passageways   No. Ma1. H.E., No. Ma2. I.H., No. Ma 

3. PAS. 
1) Testis 
a) The testis is covered by a relatively thick connective tissue capsule, the tunica 

albuginea. Identify this structure in a section of human testis. The capsule is lined 
on the outer surface by a simple squamous layer of mesothelium because the testis 
lies in a detached portion of the peritoneal cavity. 

b) Identify the various spermatogenic cell types in No. Ma1. i.e. spermatogonia, 
primary spermatocytes, spermatids and spermatozoa within the seminiferous 
tubules. Note that the population of cells comprising the seminiferous epithelium of 
adjacent tubules differs as a sign that the tubules are in different stages of the 
spermatogenic cycle. The spermatogonia are located at the base of the seminiferous 
epithelium. The primary spermatocytes, derived from spermatogonia, are the largest 
of the epithelial cells and are located above the spermatogonia. The nuclei of 
primary spermatocytes are in the prophase of the first meiotic division. Observe 
how the morphology of their nuclei differs from that of the spermatogonia. The 
secondary spermatocytes have a very brief life span and are difficult to find; do not 
look for them in your own slides. Young spermatids are located either at the surface 
of the seminiferous epithelium or close to it. Like the spermatocytes, they have a 
round nucleus, but they are much smaller in size. During spermiogenesis the 
spermatid is transformed into a spermatozoon. Both the nucleus and cytoplasm of 
the spermatid become elongated. Then the nuclear chromatin becomes extremely 
condensed and stains intensely. In mature spermatozoa the cytoplasm is no longer 
discernable. Identify the head and tail of the spermatozoa. 

c) Identify Sertoli cells within the seminiferous tubules. They are supportive cells for 
the maturing germinal elements. Their oval nucleus is conspicuous for its distinct 
nuclear membrane, pale chromatin and prominent nucleolus. It is frequently 
notched. Their cytoplasm is extensive but difficult to mark out. 

d) Identify the interstitial cells of the testis (Leydig cells) which are responsible for the 
secretion of testosterone and lie in the interstitium between adjacent seminiferous 
tubules. Leydig cells are large, polygonal, eosinophilic cells, and they may be found 
as isolated cells or, more commonly, as clusters. Numerous blood vessels are found 
adjacent to the interstitial cells. Note that connective tissue fibers are very sparse 
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and relatively inconspicuous in most of the interstitium. 
 

2) Tubuli recti and Rete testis 
The seminiferous tubules converge toward the posterior dorsal aspect of the testis 
where they empty into straight tubules (Tubuli recti) and then into an anastomotic 
network of epithelium lined passageways, the rete testis. The rete is located at one pole 
of the testis called the mediastinum. The epithelium of the rete is simple cuboidal (see 
demonstration). 

 
3) Epididymis 
The rete testis is continuous with the efferent ductules of the epididymis. Identify these 
convoluted tubules in slide Ma1. Note the scalloped appearance luminal surface, which 
results from groups of low columnar epithelial cells alternating with groups of taller 
epithelial cells surrounding each tubule. Collectively, the efferent ductules comprise the 
head of the epididymis. The efferent ductules become continuous with the single, 
convoluted ductus epididymis which made up the body and tail of the epididymis. Note 
that the apical border of the columnar epithelium lining this duct does not undulate; its 
epithelial lining cells are of uniform height. Observe the stereocilia protruding from the 
apical surfaces of these cells. They are not true cilla but are actually long filamentous 
microvilli. Also note the small basal cells located immediately above the basal lamina. 
As in the efferent ductules, smooth muscle cells surround the ductus epididymis. 

 
2. Ductus (vas) deferens and spermatic cord  No. Ma4. Spermatic cord, 

H.E. 
Identify the ductus deferens. Note that its epithelium resembles that of the ductus 
epididymis, but its lumen is irregular in outline due to the presence of longitudinal folds 
in its mucous membrane. The folds are presumably caused by contraction of smooth 
muscle in the wall of the duct. Note that the musculature of the wall is unusually thick 
and consists of an inner and outer longitudinal layer and an intermediate circular layer. 
In the same slide identify striated muscle (cremaster), spermatic artery, nerves, and the 
pampiniform plexus of veins surrounding the spermatic artery. The plexus and the 
artery serve as a countercurrent heat exchanger i.e., the blood in the venous plexus 
cools the blood entering the testis at lower than body temperature. The cooler 
temperature is beneficial for spermatogenesis. The walls of the vein have abundant, 
irregularly oriented smooth muscle. 

 
3. Seminal vesicle  No. Ma5. H.E. 
These are bilateral structures which develop as outgrowths from the terminal ductus 
deferens just before the later enter the prostate gland. Each seminal vesicle is a single, 
highly infolded sac, and in sections its lumen appears like a series of unconnected 
cavities. The lumen is lined by an epithelium that varies in thickness. It consists of a 
basal layer of round cells and a more superficial layer (s) of cells which range from 
cuboidal to low columnar in shape. Note the stained secretory material in the lumen. 
Note also the considerable amount of smooth muscle in the wall of this organ. 

 
4. Prostate   No. Ma6. Prostate, H.E. 
This organ, which surrounds the urethra immediately below the urinary bladder, is 
made up of numerous small saccular glands which connect by means of number of 
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small excretory ducts with the urethra. The epithelium of the sac-like glandular 
structures is quite variable in appearance, ranging from simple cuboidal to low 
columnar. Note that the stroma is fibromuscular. Good examples of lamellated 
concretions may be seen within the lumen of the glands (see demonstration). 

 
5. Penis      No. Ma7. Penis, H.E. 
The body of the penis consists essentially of erectile tissue in the form of a pair of 
dorsally situated, cylindrical bodies, the corpora cavernosa penis, and a single ventrally 
located cylindrical body, the corpus cavernosum urethrae (corpus spongiosum). 
Examine a section of the latter. The epithelium of the urethra is pseudostratified 
columnar. The lumen is irregular in outline because there are prominent longitudinal 
folds of the mucous membrane. From recesses between those folds, small 
outpocketings of the epithelium which are glandular in nature secrete a mucinous 
material. These mucin-secreting outpocketings may continue into branching tubules 
which penetrate deeply into the corpus spongiosum --- the glands of Littre. 
In the stroma around the urethral lumen, observe the abundant erectile tissue which 
consists largely of highly irregular cavernous spaces. They are linked with endothelium 
and have muscular walls which very considerably in thickness. 
The two corpora cavernosa penis are filled with similar erectile tissue and are enclosed 
peripherally by a dense layer of collagenous connective tissue, the tunica albuginea. 
There is a similar connective sheath surrounding the corpus cavernosum urethrae, but it 
is not as well developed and is more elastic. This is responsible at least in part for the 
greater turgidity attained by the corpora cavernosa penis during the phenomenon of 
erection when the volume of blood in the cavernous spaces is greatly increased. The 
lesser turgidity of the corpus cavernosum urethrae enables the lumen of the urethra to 
remain patent during erection and the passage of semen. 

 
Demonstration slides 

1. Tubuli recti and Rete testis 
2. Prostatic concretions 
3. Helicline artery 
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FEMALE REPRODUCTIVES SYSTEM 

Objectives 
a) Structures of the ovary, including different developmental stages of follicles. 
b) Structures of the oviduct. 
c) Structures of the uterus and relates its change with that occurs in the ovary. 
d) Structures of the uterine cervix and vagina. 
e) Structures of the mammary glands in different period. 
 
1. Ovary 
1) Follicles  No. Fe1. H.E., No. Fe2. Mallory trichrome stain 
The surface of an ovary is covered with a layer of squamous or cuboidal epithelium 
named ovarian surface epithelium (germinal epithelium). The connective tissue beneath 
it is tunica albuginea. The ovary can be divided into an outer portion -- cortex, where 
ovarian follicles are predominant. The inner portion is the medulla, containing blood 
vessels, lymphatic vessels and nerves. Ovarian follicles are embedded in the stroma of 
the cortex. Three types of follicles can be recognized: 
a) Primordial follicles: with a primary oocyte located in the center, surrounded by a 

single layer of flattened cells, called follicular cells. The nucleus of the oocyte is 
slightly eccentrically situated, has finely dispersed chromatin and a large nucleolus. 

b) Primary follicles: the morphology and the size of the growing follicles vary greatly. 
As the oocytes grow, the single layer of flattened follicular cells divide and become 
first cuboidal cells and then stratified. The oocytes also grow larger, and an 
acidophilic homogenous layer called zona pellucida appears around it. 

c) Secondary follicles: some fluid accumulates between the follicular cells, and finally 
they bulge into a big cavity called antrum. The follicular cells that line the cavity 
are called granulose cells, the others form the cumulus oophorus which contains the 
oocyte. The granulose cells of the cumulus oophorus directly in relation to the ovum 
become radially arranged to form the corona radiate. As these modifications are 
taking place, the stroma around the follicles transform into theca interna and theca 
externa, respectively. The former is richly vascularized, and the latter consists 
mainly of connective tissue. 

Most follicles never reach full maturity but undergo degeneration (atresia). Atretic 
follicles are plentiful in this section, because degeneration may take place at any stage 
in the development of follicles. They are recognized by their pale staining, swollen 
remnants of the zona pellucida which often surrounded by the interstitial cells. 

 
2) Corpus luteum  No. Fe9. H.E. 
This is a section of a human ovary. After ovulation, the granulosa cells and the theca 
interna cells form the corpus luteum. The former cells increase in size and assume the 
characteristics of cells that secrete steroid hormone, thus it become granulosa lutein 
cells. These cells contain lipid droplets in their cytoplasm and appear vacuolated in this 
slide. The theca interna also form part of the corpus luteum by giving rise the theca 
lutein cells, which are smaller in size. 
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3) Corpus albican   No. Fe10. H.E. 
This is a section of a human ovary. If pregnancy doses not occur, after 10-14 days the 
corpus luteum degenerates, and the sites are occupied by a scar of connective tissue 
forming corpus albican. 

 
2. Oviduct   No. Fe3. H.E. 
This is a cross section of a human oviduct. Its wall is composed of three layers. The 
mucosa has longitudinal folds, the epithelium is simple columnar and contains two 
types of cells. One is provided with cilia and the other appears to be secretory. The 
lamina propria is composed of loose connective tissue. The muscle layers are disposed 
inner circularly and outer longitudinally. The outermost layer is serosa. 

 
3. Uterus 
1) Proliferative phase  No. Fe4. H.E. 
Under the low power, distinguish mucosa, muscle layer, and serosa. The endometrium 
in this slide is probably in the proliferative phase that it shows a surface epithelium of 
simple columnar type consists of ciliated and secretory cells. The endometrial glands 
dip into the underlying lamina propria. Note the relative straightness of the glands and 
their relatively narrow lumen. Its epithelium is similar to that of the superficial 
epithelium but ciliated cells are less in the glands. In some areas the surface epithelium 
is torn off. The lamina propria consists of loose connective tissue with a high cellular 
content; it contains numerous blood vessels. The myometrium is very thick, and shows 
irregularly interwoven strands of smooth muscles. Serosa covers the outer surface of 
the uterus. 

 
2) Secretory phase  No. Fe5. H.E. 
The characteristic appearances of the endometrial glands in the secretory phase are: 
glands are highly tortuous and serrated. Their lumens are wide and contain secretion. 
The glandular epithelium may vary in its appearance e.g. secretory product may be 
accumulated in the cells. The stroma appears rather dense since its cells are tightly 
packed because of the expansion of the glands. 

 
4. Cervix    No. Fe6. H.E. 
The cervical canal epithelium is tall simple columnar, which dips, in the form of 
cervical glands. The cervical glands are extensively branched tubular glands, which 
secrete mucus. Its morphology is identical to the surface epithelium of the cervix. The 
muscular layer is also very thick, muscle bundles are interlaced with larger blood 
vessels and nerves. 
In the transition zone between the vaginal and cervical canal, the columnar epithelium 
changes into stratified squamous type (see demonstration). 

 
5. Mammary gland 
1) Resting mammary gland  No. Fe7. H.E. 
At low magnification, the glandular tissue principally consists of ducts which are 
grouped together to form lobules, separated by the extensive mass of connective tissue 
and adipose tissue. At high magnification, the lobules are seen to consist of intralobular 



  44

ducts lined by a cuboidal epithelium supported by a basement membrane. A 
discontinuous layer of myoepithelial cells lie between duct lining cells and the 
basement membrane. The interlobular connective tissue is usually dense and fibrous, 
whereas the connective tissue within the lobules is loose, highly cellular, and has a rich 
capillary network. 

 
2) Lactating mammary gland   No. Fe8. H.E. 
During lactation the gland consists of almost entirely of glandular tissue, the alveoli are 
widely dilated, lined by low cuboidal epithelium. Lipid accumulates as droplets within 
the apical cytoplasm before it releases into the duct. Notice the secretory product filling 
the lumen of the alveoli. 

 
Demonstration slides 

1. Interstitial Gland   Ovary, Cat, H.E. 
2. The transition zone between the vaginal and cervical canal,  Human, H.E. 
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EYE and EAR 

Objectives 
a) The subdivisions of the eye as an organ. 
b) The structure and function of the wall of an eye ball: sclera, uveal tract, and retina. 
c) The structure of two principal refractive media in the eye: the cornea and lens. 
d) The control of lens shape by the ciliary muscle. 
e) The structure and functional role of the iris. 
f) The structure of an eyelid. 
g) The structure of the internal ear. 
h) The structure of the subdivisions of the membranous labyrinth: semicircular canal, 

utriculus, sacculus, and cochlear duct. 
i) The structure and function of the cristae ampullares and the maculae of the utriculus 

and sacculus. 
j) The location, structure, and sensory function of the organ of Corti. 
 
When observed the ear section, you should concentrate your attention on the inner ear 
of the guinea pig. Since each section is a slice through a slightly different level of a 
complex three-dimensional structure, it is not possible to give a description which will 
apply to each student’s slide. A careful study of figures in your textbook, it will be of 
great help. 

 
1. Eye  No. Se1. H.E. 
a) First, study the general topography of the eye with the low power objective. 

Identify: cornea, comparing its curvature with that of the eyeball as a whole; sclera, 
noting its regional variations in thickness; choroid; retina with its division into pars 
optica, pars ciliaris, and pars iridica (the latter three terms refer to the two layers 
derived from embryonic ectoderm which comprise the epithelial portions of the 
retina, ciliary epithelium, and iris, respectively); optic nerve and its relation to the 
tunics of the eyeball; ciliary body; lens; suspensory ligament of the lens; iris; pupil; 
anterior chamber; posterior chamber; extraocular muscles. 

b) Study the detailed structure of the eye at higher magnification. Note the 
arrangement and dense concentration of collagenous fibers in the sclera. The 
choroid is heavily pigmented and can be divided into the following layers from the 
outside inward: stoma containing large vessels, choriocapillaris, and Bruch’s 
membrane. Observe the number and distribution of pigmented cells in the stroma of 
the choroid. The choroid, together with the ciliary body and iris, form a 
vascularized tunic of the eye known as the uvea or uveal tract. 

c) The cornea consists of 5 layers: The corneal epithelium, Bowman’s membrane, the 
corneal stroma, Descemet’s membrane, and the corneal endothelium. Note that, at 
the corneoscleral junction, the corneal epithelium is continuous with the bulbar 
conjunctiva, and the corneal stroma is continuous with the sclera. Can you detect 
any difference, in degree of orientation between the collagen fibers of the cornea 
and those of the sclera? 

d) Study the components of the lens: its capsule, epithelium, and fibers. You should 
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know the points of attachment of the suspensory ligament of the lens (fibers of the 
ciliary zonule) to the lens itself and to the ciliary body. Identify the ciliary muscle. 
What is the origin and insertion of its fibers? Make certain that you understand how 
contraction of the ciliary muscle provides accommodation for near vision. What is 
the physiologic function of the ciliary epithelium? 

e) What is the chemical composition and texture of the vitreous body? Identify the 
canal of Schlemm and the trabecular meshwork. Define the boundaries of the 
anterior and posterior chambers respectively of the eye. How doses the aqueous 
humor circulate? 

f) Identify the choroidal and retinal components of the iris. Also identify the sphincter 
muscle of the iris and the peculiar muscle fibers that form the dilator muscle of the 
iris (or see demonstration). Observe the location of different types of pigmented 
cells in the iris. 

g) The retina is a ten-layered structure. You should understand, in a general way, how 
its components interact in carrying out their photoreceptive function. 
i) The outermost layer of the retina is the pigment epithelium derived from the outer 

layer of the cup-shaped evaginations from the prosencephalon. The basement 
membrane of this epithelium is the component of the choroid called Bruch’s 
membrane. The remaining components of the retina are properly called the 
neural retina. 

ii) The outer and inner segments of the rods and cones. 
iii) The so-called outer limiting membrane is in fact a region of junctional contact 

between photoreceptor cells and specialized glial cells of the retina called 
Müller cells. 

iv) The outer nuclear layer consists of the perikarya of rods and cones. Cone cell 
nuclei are large and are situated just beneath the outer limiting membrane. 

v) The outer plexiform layer is a region of synaptic contact between photoreceptor 
cells and the next neurons in the chain --- the bipolar cells. Processes of 
horizontal cells are also found in this layer. These cells modulate the activity of 
bipolar cells. 

vi) The inner nuclear layer contains the cell bodies of bipolar cells, horizontal cells, 
and amacrine cells. 

vii) The inner plexiform layer is an area of synaptic interaction between bipolar 
cells and ganglion cells which are the third neuron of the visual system. 
Dendritic branches of amacrine cells are also found in this layer where they 
participate in modulating the activity of ganglion cells. 

viii) The ganglion cell layer consists of the cell bodies of neurons whose axons pass 
toward the brain and form the optic tracts. 

ix) A layer of optic nerve fibers (axons of ganglion cells). These fibers converge 
toward the papilla of the optic nerve where they exit from the eye. 

x) The inner-most layer of the retina (adjacent to the vitreous) is called the inner 
limiting membrane which is the terminal expansions of the Müller cells, the 
large glial cells which extend through most of the thickness of the neural retina. 

h) The sections of the eye in your loan set may pass through the fovea of the retina or 
the lamina cribrosa. What are the distinguishing histologic features of these 
structures? 

 
2. Eyelid  No. Se2. H.E. 
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The outer surface of the eyelid is skin. Underneath the skin are the muscle fibers 
belonging to Orbicularis Oculi, Which are skeletal muscle. Next to this is the tarsal 
plates, which consists of dense fibrous and elastic tissue. The sebaceous glands in the 
tarsal plate are called Meibomian gland, it dose not communicate with the hair follicles. 
The inner surface of the lid is conjunctiva. What kind of epithelium is it? The glands of 
Zeis are smaller, modified sebaceous glands connected with the follicles of the 
eyelashes. The sweat glands of Moll are unbranched sinuous tubules and not in a 
glomerulus like ordinary sweat glands. 
 
3. The inner ear  No. Se3. H.E. 
The inner ear lies in the petrous portion of the temporal bone. A series of canals and 
cavities in this bone constitute the bony labyrinth. Suspended within the bony labyrinth 
is the fluid-filled membranous labyrinth (endolymphatic system). The space between 
the walls of the bony labyrinth and the membranous labyrinth is filled with another 
fluid called perilymph which is in communication with the cerebrospinal fluid. 
The membranous labyrinth is composed of two parts:               
i) The vestibular labyrinth includes the semicircular ducts, the utricle and saccule, all of 

which are concerned with equilibrium. 
ii) The cochlear duct contains the sensory epithelium concerned with sound perception: 

the organ of Corti. 
The semicircular ducts are typically excentrically placed in the bony labyrinth and 
consist of a squamous lining epithelium (see demonstration), which is differentiated 
into a transverse ridge of sensory cells in the ampullae. The ridge (crista) runs across 
the semicircular ducts (perpendicular to the length of the duct) and bears the cells which 
sense acceleration of the fluid (endolymph) within the canal. The crista is surmounted 
by a gelatinous mass (cupula) which may be very imperfectly preserved in your 
preparation. Surrounding the semicircular ducts is a very loose connective tissue 
through which percolates the perilymph. 
The utricle is a large irregular sac which contains a sensory area (macula) and which 
communicates with the three mutually perpendicular semicircular ducts. The macula 
utriculi (see demonstration) consists of hair cells and supporting cells. Overlying these 
cells are small calcium carbonate concretions (otoliths) embedded in a gelationous 
membrane (see demonstration). 
The saccule is another large irregular sac containing a macula. Do not spend too much 
time trying to distinguish saccule from utricle. Do remember that the sensory epithelia 
(cristae and maculae) have the same cellular components but they have different gross 
shapes. 
The cochlear duct is in communication with the saccule and, in fact, it develops as an 
outgrowth of the saccule. The cochlear duct is an endolymphatic space which contains 
the organ of hearing, the organ of Corti. This endolymphatic space is surrounded by a 
perilymphatic space, which, appears to be composed of two spaces, the scala vestibule 
and scala tympani. In fact, these two components are in wide communication at the 
apex of the coil through an opening called the helicotrema. 
The organ of Corti is a complex group of different cells types, the sensory cells of 
which are called hair cells because of the presence of an elaborate arrangement of 
microvilli on their apical surfaces. Supporting cells are present, whose names you need 
not to remember them. The hair cells are in synaptic contact with classical bipolar 
neurons whose bodies made up the spiral ganglion located within the modiolus (a 
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conical pillar of spongy bone around which the membranous labyrinth is coiled). 
Identify the cochlear nerve. Notice the stria vascularis, a vascular area of epithelium 
lining the outer wall of the cochlear duct. This structure may be involved in the 
secretion of endolymph. Vestibular membrane is a double layer of epithelium (one layer 
belonging to the cochlear duct and the other belonging to the perilymphatic duct which 
separates the cochlear duct (scala media) from the scala vestibule. The tectorial 
membrane is a projection from the inner angle of the scala media. In life it rests on the 
hair cells but in your preparations will be seen to be folded back and distorted. 
The organ of Corti rests on a layer of collagenous fiber called the basilar membrane. 
Note the squamous epithelium lining the scala vestibule and scala tympani. 

 
Demonstration slides 

1. Papilla of the optic nerve 
2. Ora serraa 
3. Central fovea 
4. Pigment epithelium and rods and cones 
5. Canal of Schlemm 
6. Sphincter and dilator pupillae muscles of iris 
7. crista ampullaris & macula of the utricle 
8. otoliths 
 


