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Preface

This microfiche atlas of human histology is designed to help students
acquire a better understanding of histology and the dynamic activities
of cells, tissues, and organs. Each volume stresses the
interrelationships of light microscopic and ultrastructural features and
illustrates structural-functional correlations by use of schematic
diagrams. In addition to our own light and electron microscopic slide
collection, we have utilized more than 300 micrographs from leading
scientists as well as a number of excellent macrophotographs from
Lennart Nilsson and micrographs from the cinephotomicroscopy of
Dr. Richard Blandau.

To use this atlas in conjunction with any histology course, the
student can consult the Contents or the Index to find individual images
or groups of images. We have tried to enhance the student’s
understanding of the material by illustrating a specific structure in a
number of different ways, so that adjacent frames show it as a
drawing, light micrograph, electron micrograph, and so on. Adjacent
frames may also present the same structure by light microscopy at low
and high magnification to help orient the student and to serveas a
transition to electron microscopy.

This atlas serves as a portable visual aid for the examination of cells,
tissues, and organs outside the standard laboratory setting. To
facilitate its use outside the classroom, the microfiche can be examined
with any portable microfiche reader that has a 15X lens. The high
quality of image reproduction in the microfiche has made it a valuable
aid for group study when used with a microfiche projector. The WSI
Informant Il microfiche projector has been successfully used in the
histology labs and the Biomedical Learning Center at the University of
Minnesota; it has a removable lid that permits it to be used either as a
portable microfiche reader or as a microfiche projector.

Five microfiche are included in Volume 1, nine in Volume 2. Each
fiche contains 63 frames identified by rows (A) and columns (1-9). The
text presents captions that are keyed to the fiche: fiche number (1-14)
appears as a heading, and to the left of each caption are the letter and
number of the frame described (Al, A2, A3, .. .;B1,B2,B3,...;and so
on). Unless otherwise indicated, the captions describe cells, tissues,
and organs that are either of human origin or from animals whose
morphological features are indistinguishable from humans. A few
abbreviations are used throughout the text:

EM Electron Micrograph

FF Freeze Fracture

H&E Hematoxylin and Eosin Stain

LM Light Micrograph

SEM  Scanning Electron Micrograph
TEM  Transmission Electron Micrograph

When abbreviations appear directly on an illustration, they are
explained in the accompanying caption.

A 35 mm slide set covering the same material is also available
through Minnesota Histographics, 2817 Aquila Avenue North, New
Hope, MN 55427.

This microfiche atlas was developed for medical students at the
University of Minnesota Medical School in response to their need for



an atlas that would correlate the structural information seen by modern
light and electron microscopic techniques. We would like to
acknowledge the contributions made by medical students at Minnesota
who so enthusiastically used and studied the microfiche and made
constructive comments to help us improve the atlas. We are grateful to
the Educational Development Program and the Medical School
administration at the University of Minnesota for their support. Most
important, we wish to thank Dr. David W. Hamilton, Head of the
Department of Anatomy, for his encouragement, enthusiastic support,
and generosity in helping us complete this project. Numerous
individuals, including more than 150 contributors of pictures, have
also helped make the microfiche a successful tool for reviewing
histology. In particular, we wish to thank: Cathy Sulik for her
organizational skills in maintaining the histology slide collection; Chris
Frethem for his assistance in electron microscopy and photographic
reproduction; Walter Gutzmer for his photographic assistance; Jennifer
Steinert for her careful typing of the Index; and Dr. Anna-Mary
Carpenter for her development of the excellent histology slide
collection at the University of Minnesota.
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CARDIOVASCULAR SYSTEM FICHE 6 « FRAMES A1-B1

Al Diagram of vessels comprising systemic circulation. Arterial vessels exhibit
multiple layers of smooth muscle and relatively little connective tissue. On the
other hand, veins are largely connective tissue with small amounts of smooth
muscle. Notice that larger veins have longitudinally oriented bundles of smooth
muscle in the tunica adventitia. TI, tunica intima; TM, tunica media; TA, tunica
adventitia.

A2 Light micrograph (LM) showing full thickness of atrial wall. Easily distinguished
are the three layers of the heart: the endocardium, the myocardium, and the epi-
cardium, the last named containing a significant amount of fat. (Hematoxylin
and eosin stain [H & EJ)

A3 Higher-magnification LM of atrial wall. Observe the thickened endocardium;
note also the relatively large size of Purkinje fibers (lightly stained) in the suben-
docardial connective tissue as compared with the cardiac cells in the my-
ocardium. (H & E)

A4 High-magnification LM of atrial wall showing presence of smooth muscle within
endocardium. (H & E)

AD5  Cross section of pectinate region of atrium as seen by LM. Cordlike arrangement
of cardiac muscle cells projecting into the atrial lumen gives the endocardium
an irregular appearance. Clots of red blood cells can be seen in the atrial lumen.
(H&E)

A6 High-magnification LM of endocardium in pectinate region. Compare the thick-
ness of the endocardium at this location with that seen in the smooth portion of
the atrium in Frames A3 and A4. (H & E)

A7 High-magnification LM of epicardium. Note the presence of fat and large vessels
in the subepicardial connective tissue. (H & E)

A8 Transmission electron micrograph (TEM) of atrial wall showing epicardium, un-
derlying subepicardial connective tissue, and myocardium.

A9 High-magnification LM of subepicardial connective tissue showing presence of
vessels and nerves, the latter containing parasympathetic ganglion cells. (H & E)

B1 TEM portraying cross-sectional profile of nodal (pacemaker) cell in atrioventricu-
lar node of mouse heart. Typical intercalated disks are absent in these cell types;
however, junctional specializations between contiguous nodal cells do occur.
Note the junction in the lower left-hand corner of this cell. The profile of this cell
is delineated by short arrows directed toward the surface of the cell. N, nucleus;
nu, nucleolus; a, nerve process with synaptic vesicles; o, Schwann cell invested
nerve process; b, nerve bundle; g, Golgi complex; mv, multivesicular body; r,
rough endoplasmic reticulum; f, fibroblast.




FICHE 6 « FRAMES B2-C3 CARDIOVASCULAR SYSTEM

B2

B3

B4

B5

Bé

B7

B8

B9

C1

C2

C3

Low-magnification LM of ventricular wall showing endocardium (right) and epi-
cardium (left). Observe the thickness of the myocardium; (H & E)

High-magnification LM of endocardial wall. The irregular surface of the endo-
cardium is characteristic of the trabeculated region of the ventricle. (H & E)

TEM of endocardium in ventricle. Connective tissue is found in both suben-
dothelial layer and subendocardial layer.

LM of ventricular wall. Purkinje fibers can be seen in the subendocardial connec-
tive tissue. Compare their size and staining characteristics with those of underly-
ing cardiac cells in myocardium. (H & E)

Diagram depicting skeleton of heart. Cardiac muscle cells attach to this connec-
tive tissue framework. The annuli ring each valve and are connected by the fi-
brous trigones. The membranous septum is part of the interventricular septum.
The Purkinje, or conduction, system of the heart pierces the skeleton and de-
scends into the interventricular septum.

Macrophotograph of right ventricle illustrating papillary muscles and chordae
tendineae attached to tricuspid valve.

Low-power LM of heart wall in region of atrioventricular valve. Top of section
shows the epicardium underlayed by a substantial amount of fat in which lies
enbedded a branch of the coronary artery. At bottom, from left to right, can be
seen the smooth surface, or sinus venarum portion, of the atrium, the atrioven-
tricular valve, and the irregular, or roughened, surface of the trabeculae carneae.
Locate the origin of the valve from the cardiac skeleton. (H & E)

Low-power LM of semilunar valves. Observe the attachment of the valve, as well
as the wall of the aorta, to the skeleton of the heart. (H & E)

LM of aorta illustrating tunica intima, tunica media, and tunica adventitia. See
Al. H&E)

Cross section of aorta as seen with Verhoeff stain. Note the distribution of elastin
within the aortic wall.

High-magnification LM of tunica intima and tunica media of aorta. Observe the
distribution of connective tissue within these layers. (H & E)



CARDIOVASCULAR SYSTEM FICHE 6 « FRAMES C4-D5

C4 1M of tunica media and tunica adventitia of aorta. Small vessels, the vasa vaso-
rum, can be seen within adventitia and tunica media. (H & E)

C5 LM ofmuscular artery illustrating tunica intima, tunica media, and tunica adven-
titia. See Al. (H & E)

C6 LM of muscular artery stained with Verhoeff technique. Note the distribution of
elastin within the vessel wall; also small bundles of nerve can be seen in the sur-
rounding connective tissue.

C7 LM of muscular artery stained by azan method. Note the distribution of collagen
within the vessel wall.

C8 Higher-magnification LM of wall of muscular artery. Observe the well-defined
internal elastic lamina and the presence of elastin fibers within the tunica media
and tunica adventitia. (H & E)

9 Higher-magnification LM of tunica intima. Notice the scalloped appearance of
the internal elastic lamina. The tunica intima can be seen to consist of endothelial
cells, a small amount of subendothelial connective tissue, and the bordering in-
ternal elastic lamina. (H & E)

D1 LM of cross section of muscular artery stained with Verhoeff method. Observe
the distribution of elastin within the walls of the vessel and compare with that
seen in C8.

D2 TEM of wall of muscular artery. Portions of the tunica media and the tunica in-
tima are seen. Compare the distribution of elastin as seen by TEM to that seen by
the Verhoeff method in D1. mej, myoendothelial junction.

D3 High-magnification LM of small arteriole in connective tissue in cross section.
See Al. Observe the endothelial cell nuclei cut in cross section and the longitudi-
nal section of the smooth muscle cells in the tunica media. (H & E)

D4 Electron micrograph of small arteriole. Compare the morphology of this arteriole
at the ultrastructural level with that seen by light microscopy in D3.

D5 Electron micrograph of arteriole wall, revealing at the top several portions of en-
dothelial cells connected by junctions, basement membrane, smooth muscle cell
belonging to tunica media, and various neuronal processes in tunica adventitia.
Neuronal vesicles of varying size, shape, and electron density can be seen within
these processes. Review the differences between innervation of smooth muscle,
cardiac muscle, and skeletal muscle.



FICHE 6 » FRAMES Dé6-E6 CARDIOVASCULAR SYSTEM

D6-D8 Shown in the upper right-hand corner of D6 is a macrophotograph of a

D9

E1

E2

E3

E4

E5

E6

small arteriole that has been stimulated with catecholamines. In the region de-
fined by A the smooth muscle is relaxed, whereas at B catecholamines have been
topically applied to the surface of the arteriole, which shows marked signs of con-
traction. Cross-sectional profiles of the vessels as seen by electron microscopy are
shown at the left (Region A) and at the right (Region B) of this frame. Higher mag-
nification of the relaxed portion of the arteriole can be seen in D7 and of the con-
tracted portion of the arteriole in D8. In Frame D7 note the flattened, or relaxed,
appearance of endothelial cell, the internal elastic lamina, and smooth muscle
cells in the tunica media. In Frame D8, observe the scalloped appearance of the
endothelial cells, the internal elastic lamina, and the contracted appearance of
smooth muscle cells in the tunica media. N, nucleus; E, endoplasmic reticulum;
G, granules; IEL, internal elastic lamina; NF, nerve fibers; FIB, fibroblasts; M,
muscle; ADV, adventitia; C, collagen; DB, dense bodies; OZ, organelle zone;
FEN, fenestration.

Blank

Diagram of microcirculatory unit, arterial portal system, venous portal system,
and three types of capillaries found within the body. Fenestrated capillaries are
located in tissues where rapid exchange takes place, such as kidney, endocrine
glands, and intestine. Sinusoids facilitate exchange of macromolecules and cells;
examples are found in liver and hemopoietic organs. Continuous capillaries are
found in brain and in muscle. In the microcirculatory unit notice that smooth
muscle sphincters are used to control the flow of blood through these vessels.

High-magnification LM of longitudinally sectioned cardiac muscle. Longitudinal
profiles of capillaries containing red blood cells can be easily seen. The nuclei of
endothelial cells are arranged with their long axis parallel to the flow of blood.
(Massons trichrome stain)

Cross-sectional profile of the same field seen in E2. Observe the distribution of
capillaries around the muscle fibers and the appearance of the capillaries in cross
section. (Massons trichrome stain)

High-magnification LM of capillary in muscle. Notice the orientation of the nu-
clei and the thickness of the endothelial cells. Red blood cells can be seen en face
view as well as in cross-sectional profile. (H & E)

TEM of continuous capillary in smooth muscle. Note the thickness of the en-
dothelial cell wall and the presence of junctions between portions of various en-
dothelial cells.

TEM cross section of fenestrated capillary. Numerous fenestrae can be seen in the
endothelial cell wall. Compare this morphology with that of the continuous cap-
illary in E5.



CARDIOVASCULAR SYSTEM FICHE 6 « FRAMES E7-F8

E7 TEMofsinusoidal capillary in liver. Note the gaps within the endothelial cell wall
and the lack of a continuous basement membrane around the endothelial cell.
The arrow points to a small chylomicron within the lumen of the capillary.

ES8 Scanning electron micrograph (SEM) of fenestrated capillary (left) and sinusoidal
capillary (right). Observe that fenestrae are present within both types of vessels
and that the sinusoidal capillary has large discontinuities within the wall through
which can be seen microvilluslike processes of a hepatocyte in the background.

E9 Diagram of large pores and small pores within continuous capillaries and fenes-
trated capillaries.

F1 Diagram of driving forces and mechanisms involved in pathways taken by
plasma molecules diffusing across capillary endothelium. Left side shows fenes-
trated endothelium; right side, continuous endothelium.

F2 whole mount of mesentery stained with toluidine blue to reveal presence of mast
cells. Note their perivascular distribution.

F3 SEM of surface of three muscle cells. A branching capillary can be seen crossing
the field from left to right. Adhering to the surface of the capillaries are extensive
cytoplasmic branches of pericytes. C, capillary; P, pericytes; M, muscle cell.

F4 Higher-magification SEM of individual muscle capillary, revealing intimate
contact between (1) cytoplasmic processes arising from the body and from the
main branch of the pericyte and (2) the surface of the capillary. C, capillary; P,
pericytes.

F5 TEM of capillary within muscle, showing relationships of pericyte to capillary
wall and to basal lamina. CL, capillary lumen; S, process of the pericyte; P,
pericyte.

Fé6 High-magnification TEM of capillary illustrating junctional contacts between en-
dothelial cell and two smooth muscle cells. These junctions are thought to repre-
sent gap junctions which may be involved in metabolic coupling of these cell
types. Bm, basement membrane; Mi, mitochondria; Lys, lysosome; Eryth,
erythrocyte.

F7 & F8 Frames7 and 8 illustrate the same small venule in rat mesentery by LM.
The fluorescent dye, lucifer yellow, was injected by micropipette into one of the
pericytes surrounding this vessel. The dye has spread, presumably via gap junc-
tions, to adjacent coupled pericytes as seen in F8.



FICHE 6 « FRAMES F9-G9 CARDIOVASCULAR SYSTEM

F9

G1

G2

G3

G4

G5

G6

G7

G8

G9

LM of small venule showing examples of marginated leukocytes and one neu-
trophil in the process of diapedesis. (H & E)

LM of postcapillary venule in lymph node. Compare the shape of the endothelial
cells in the postcapillary venule with that of capillaries within the same field.
(H&E)

TEM of postcapillary venule in lymph node. Note the presence of lymphocytes
within the endothelial cell wall, and at the bottom of the field, a single
lymphocyte in the process of diapedesis.

LM of small neurovascular unit with peripheral nerve (left), small arteriole (cen-
ter), and small venule (right). Note the thickness of the walls of the venule and its
irregular shape. See Al. (H & E)

TEM of small venule. Observe the relative thickness of the tunica intima, tunica
media, and tunica adventitia.

LM illustrating small muscular artery, lymphatic capillary, and small vein. See
Al. (H&E)

Higher-magnification LM of cluster of vessels seen in G5. Compare the thickness
of wall of the arteriole, lymphatic, and small vein. (H & E)

LM of wall of medium-sized vein. Note relative thickness of tunica intima, tunica
media, and tunica adventitia. (H & E)

Low-magnification LM of wall of vena cava. There is circularly arranged smooth
muscle in tunica media and longitudinally arranged smooth muscle in tunica ad-
ventitia. See Al. (H & E)

Low-magnification LM of wall of vena cava as seen with Verhoeff stain. Observe
the distribution of elastin within the wall of the vessel and compare this with that
seen in the wall of the aorta in Frame C2 and the muscular artery in D1. The longi-
tudinally arranged smooth muscle in the tunica adventitia is also easily
discerned.
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Al Diagram illustrating types of lymphatic tissue and lymphatic organs.

A2 Table comparing anatomical locations of T and B lymphocytes in various
lymphatic organs and blood.

A3 Diagram depicting route of lymphocyte recirculation between various lymphatic
organs.

A4 LM of stratified squamous nonkeratinizing epithelium in vagina. A diffuse infil-
tration of lymphocytes is seen in the epithelium. (H & E)

A5 LM ofintestinal glands showing dense infiltration of lymphocytes in focal region
within connective tissue. (H & E)

A6 LMof esophageal epithelium showing entrance of a duct. A small lymphatic nod-
ule can be seen adjacent to the duct and is classified as dense lymphatic tissue.
(H&E)

A7 Low-magnification LM of palatine tonsils. Numerous primary and secondary
nodules can be seen underlying the epithelium. (H & E)

A8 Higher-magnification LM of palatine tonsil. It shows the stratified squamous
nonkeratinizing epithelium, diffuse and dense lymphatic tissue in the connec-
tive tissue, and the presence of secondary lymphatic nodules. (H & E)
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10

A9

B1

B2

B3

B4

B5

B6

B7

Still higher magnification of tonsilar epithelium (LM). The diffuse infiltration of
lymphocytes into the epithelium obscures the boundary between epitheliumand
connective tissue. (H & E)

Diagram of lymph node. It includes the capsule, stroma, and parenchyma.
Lymph enters the organ through afferent lymphatics, percolates through the cor-
tex and into the medulla by way of sinuses—spaces without an endothelial lin-
ing. The lymph exits the organ through efferent lymphatics. Lymph nodes are a
site for formation of activated B lymphocytes and serve as a filtration system for
lymph.

Low-magnification LM of lymph node showing cortex, medulla, and medullary
cords within the latter. Secondary and primary lymphatic nodules can be seen in
the cortex just beneath the capsule. (H & E)

Higher-magnification LM of cortex and medulla in lymph node. Secondary nod-
ules can be seen immediately beneath the capsule. Between the secondary nod-
ules and the medulla lies the paracorte. (H & E)

LM illustrating distribution of T and B lymphocytes within secondary nodule in
lymph node. In A (left), the tissue has been stained for T cells and the lymphatic
nodule is unstained; the tertiary cortex, or paracortex, is heavily stained, indicat-
ing that it is a site of concentration of T lymphocytes. In B (right), in which the
tissue has been stained for B lymphocytes, the cells of the lymphatic nodule are
deeply stained, indicating this is a site of B lymphocyte concentration, whereas
only sparse staining for B cells occurs in the paracortex. The staining of the post-
capillary venule at the top of this frame demonstrates that B cells move from the
postcapillary venule toward the lymphatic nodule.

Autoradiography conducted at LM level (left) or ultrastructural level (right)
demonstrates thatiodinated antigen (human serum albumin) may persist in den-
dritic reticular cells for long periods. Antigen is retained by these cells in the outer
regions of the nodules, and at the ultrastructurallevel it can be seenin association
with the surface of the cell.

High-magnification LM of secondary nodule immediately underlying capsule of
lymph node. Note the presence of both subcapsular and radial sinuses. (H & E)

SEM of lymphatic cortical sinus. Portions of a nodule appear at left. The lumen of
the sinus is spanned by reticular cells, and macrophages can be seen adhering to
their surfaces. A, arteriole; Rt, reticular cells; M, macrophages; L, lymphocytes.
Arrow indicates long processes of reticular cells.
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B8 Higher-magnification SEM of lymphatic sinus revealing portion of nodule (up-
per left). Flattened reticular cells span the sinus lumen, and macrophages with
abundant microvillar-like processes adhere to the surfaces of these cells. Rt, retic-
ular cell; M, macrophage.

B9 Blank

Cl Mmof postcapillary venules in lymph node. Compare the thickness of the en-
dothelial cell wall with that of capillaries within the field, and observe the pres-
ence of lymphocytes within the endothelial wall. (H & E)

C2 TEMof postcapillary venule in thymus. Notice the endothelial cell wall and the
presence of lymphocytes within the endothelium. E, endothelial cell; Ly,
lymphocytes; Per, pericytes; Ep, epithelial cell. Arrows indicate peripheral mar-
gin of the postcapillary venule.

C3 Diagram illustrating lymphatic drainage within the body and entrance of thoracic
duct into left subclavian vein.

C4 LMof lymphatic capillary in longitudinal section showing presence of lymphatic
valve. (H & E)

C5 LMof lymphatic capillary and adjacent arterioles. Compare the thickness of the
wall of the lymphatic capillary with that of the arterioles. (H & E)

C6 TEM of lymphatic capillary. The basement membrane is discontinuous, and the
endothelial cell wall is incomplete.

C7 High-magnification TEM showing gaps between adjacent lymphatic endothelial
cells. Lumen of lymphatic capillary is at top.

C8 Diagram illustrating structure of thymus.

C9 Low-magnification LM of thymus. It shows the lobular nature of the gland, the
presence of a continuous medulla and an incomplete cortex. No nodules are
found within the cortex of the thymus. Even at this magnification, Hassall’s cor-
puscles can be seen within the medulla. (H & E)

D1 Higher-magnification LM of cortex and medulla in thymus. A thin capsule can be
seen on the surface. The cortex consists of dense masses of lymphocytes,
whereas Hassall’s corpuscles can be seen within the medulla. (H & E)

11
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D2

D3

D4

D5

Dé6

D7

D8

D9

El

TEM of thymic cortex. It reveals large numbers of lymphocytes and the presence
of thymic epithelial cells with large vesicular nuclei.

High-magnification LM of thymic medulla illustrating epithelial nature of Has-
sall's corpuscles. (H & E)

TEM of Hassall’s corpuscle in thymus. Prominent tonofilaments are easily seen
within the corpuscle. Arrow points to a degenerate lymphocyte. The center of the
corpuscle is cystic, and the lining epithelial cells have microvilli. However, none
of the epithelial cells within the corpuscle display any secretory apparatus.

Diagram illustrating components of blood-thymus barrier.

TEM of capillary in thymic medulla surrounded by lymphocytes. The basal lam-
ina of the endothelial cell is designated by short arrows; the epithelial cell basal
lamina, by long arrows. No endothelial fenestrations are present.

TEM of capillary within thymic cortex five minutes after intravenous injection of
horseradish peroxidase. Intense staining for peroxidase is seen within the lumen
of the capillary. The endothelial basal lamina, the adventitia, and the intercellular
spaces of the surrounding cortical parenchyma are free of peroxidase staining.
Nonspecific staining of phagocytic vacuoles within macrophages in the adventi-
tia and within residual bodies is also visible. The inset (upper left) shows part of
a capillary within the thymic cortex one minute after the intravenous injection of
cytochrome C. The reaction product is seemingly arrested at the intersection be-
tween two endothelial cells where junctions are observed. The staining of the red
blood cell in the lumen is due to the pseudoperoxidase activity of hemoglobin.
RB, residual body. Arrowheads indicate phagocytic vacuoles; single arrow, in-
tercellular junctions between endothelial cells.

TEM of arteriole wall at corticol-medullary boundary in thymus five minutes af-
ter intravenous injection of horseradish peroxidase. Reaction product is seen in
the clefts of the endothelium, within fenestrations of the elastic interna, and in
the adventitia. The inset (upper left) illustrates that the cleft between adjacent en-
dothelial cells stains throughout its length with the same intensity as the blood
plasma, indicating this is one of the routes for the diffusion of peroxidase from
the lumen into the surrounding adventitial space. A similar staining pattern is
also observed within postcapillary venules of the medulla.

Blank

Diagram of splenic circulation.
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E2

E3

E4

E5

E6

E7

E8

E9

F1

LM of surface of spleen, illustrating capsule and trabeculae. Examples of red and
white pulp are also seen. (H & E)

High-magnification LM of splenic parenchyma, showing course of central artery
of white pulp. The periarteriolar lymphatic sheath is visible along this vessel up
to where it merges with lymphocytes in the secondary nodule. (H & E)

LM of secondary splenic nodule. Note the eccentric position of the central artery
of white pulp. (H & E)

High-magnification LM of red pulp within spleen. A splenic sinusoid is at center.
(H&E)

SEM of red pulp of spleen. Examples of three sinusoids are visible. The red pulp
between the sinusoids constitutes the cords of Bilroth. The red pulp is supported
by reticular cells with extensive processes; lying within their meshwork are
macrophages and leukocytes.

SEM of splenic sinusoid. The wall of the sinusoid is composed of rodlike en-
dothelial cells, seen here in cross-fracture. Within the lumen of the sinusoid can
be seen a large macrophage and adhering lymphocyte.

SEM of internal surface of splenic sinusoid, illustrating passage of erythrocytes
through large gaps in sinusoidal wall. Red blood cells must be flexible in order to
constrict their bodies and pass through these fenestrations. Increased rigidity of
red blood cells inhibits this passage, and cells thus arrested may presumably be
detected by macrophages and thereby removed from the circulation.

TEM of splenic sinusoid and surrounding red pulp. Red blood cells and various
types of leukocytes can be seen within the red pulp, and one cell appears to be in
the process of diapedesis. S, sinusoid; R, red blood cell; E, endothelial cell; L,
lymphocytes; M, macrophage; P, polymorph; PL, plasma cell. Double arrows in-
dicate process of reticular cell. Single arrow points to cell migrating through per-
foration in the sinusoidal wall.

TEM of white pulp in spleen. Dendritic cells are a distinct subpopulation of
spleen cells whose identification is based on cytological features in the absence of
critical lymphocyte and macrophage traits. These cells lack surface immunoglob-
ulin as well as thymic and brain antigens and do not respond to lipopolysaccha-
ride or concanavalin A in vitro. Dendritic cells are important because they
stimulate the mixed leukocyte reaction and interact with T cells. Dendritic cells
have irregularly shaped nuclei, and the cytoplasm contains few organelles and
an electron lucent matrix. Dendritic cells are also frequently related to connective
tissue cell processes and/or reticular fiber deposits. De, dendritic cell; SL, small
lymphocytes; En endothelial cell; *, processes of dendritic cells.

FICHE 7 »+ FRAMES E2-F1
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F2

F3

TEM of dendritic cell and macrophage in white pulp of spleen. Dendritic cells are
found only in the white pulp and can be distinguished from macrophages by the
ability of the latter to interiorize large amounts of colloidal thorium dioxide, as
shown in this micrograph. Colloidal thorium is present in the intercellular space
between the two cells (arrows); however, only the macrophage has internalized
large amounts of this tracer. Compare with dendritic cell seen in Frame B5.
De, dendritic cell; Mac, macrophage; Ly, lysosome; RER, rough endoplasmic
reticulum.

Diagram illustrating mononuclear phagocyte system and its function in a variety
of tissues.

F4-F9 Biank

G1

G2

G3

G4

G5

G6

Diagram of cytological features of thick skin (left) and thin skin (right). Hair folli-
cles are associated with thin skin. Note that the inner root sheath is not seen
above the level of the sebaceous gland. Capillaries do not invade the epidermis;
nutrients cross into the epidermis by diffusion. Naked nerve endings (pain),
however, are seen in the epidermis.

Low-magnification LM of thick skin. Observe the thickness of each of the layers:
stratum germinativum, stratum spinosum, stratum granulosum, and stratum
corneum. (H & E)

Higher-magnification LM of epidermis in thick skin. Cells in the stratum germi-
nativum rest on the basement membrane, and their long axis is perpendicular to
it. As cells migrate into the stratum spinosum, this orientation is lost. Basophilic
keratohyaline granules can be seen demarcating the stratum granulosum.

(H & E)

LM of thin skin. Compare the thickness of each layer with that seen in thick skin
in G2. (H & E)

LM of thin skin treated with dilute sodium hydroxide to swell the stratum
corneum. Observe that cells in the stratum corneum are arranged in rows or
columns and that there appears to be a preferred migration route from the stra-
tum germinativum to the surface of the stratum corneum. (toluidine blue stain)

SEM of epidermis and papillary dermis. Note the boundary between papillary
dermis and underlying reticular dermis, the latter containing coarser collagen
bundles. The different layers of the epidermis can be identified, and a small ves-
sel can be seen immediately beneath the epidermis.
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G7 TEM of full thickness of epidermis. Basal, spinous, granular, and cornified layers
are evident. Thereis only a single granular layer, and in this section none of these
cells show a nucleus. Note the greater number of desmosomes within the stra-
tum spinosum.

G8 TEM of stratum germinativum in skin. Note the presence of desmosomes on the
lateral and apical boundaries. A portion of the papillary dermis can be seen
(lower left).

G9 High-magnification TEM of stratum germinativum showing hemidesmosomes
that anchor these cells to basement membrane. In the papillary dermis, small an-
choring fibrils attach themselves to the basal lamina. At the sites of hemidesmo-
some attachment to the basal lamina, small threadlike strands course from the
hemidesmosome into the basal lamina. A small unmyelinated nerve fiber is lo-
cated close to the epidermis.
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A2

A3

A4

A5

A6

A7

High-magnification LM of thick skin showing stratum germinativum, stratum
spinosum, and stratum granulosum. (H & E)

Indirect immunofluorescent staining of frozen sections of stratified squamous
epithelium, using mouse antiserum prepared against bovine desmosomal glyco-
proteins. Observe that epithelial cell borders are stained in a highly punctate pat-
tern characteristic of the distribution of desmosomes.

TEM depicting stratum spinosum, stratum granulosum, and stratum corneum.
Numerous desmosomes are at the margins of cells in the stratum spinosum. Elec-
tron-dense deposits representing keratohyaline granules are seen in the stratum
granulosum. In the stratum corneum, no recognizable cell organelles are de-
tected owing to cellular degradation. The cells are still interlocked at all margins,
even though junctions are modified and fewer in number as compared with the
stratum spinosum.

High-magnification TEM of desmosome tonofilament complexes in spinous
layer of epidermis. Tonofilaments predominantly in transverse section course
through the cytoplasm toward the dense desmosomal plaques. M, midline; T,
tonofilaments.

LM illustrating stratum spinosum, stratum granulosum, and stratum corneum.
Observe the lack of nuclei and other recognizable cytological features in the stra-
tum corneum. (H & E)

Low-magnification TEM of spinosum, granular, and lower cornified cells of epi-
dermis (left). The left micrograph shows the keratohyaline granules to good ad-
vantage and reveals that the electron-dense material is deposited in the
interstices of the keratin filaments. Lamellar granules can be seen in all the viable
epidermal cells. High-magnification TEM of portions of granular and cornified
cells (right). Easily seen at high magnification (right) are the association of kerato-
hyaline granules with keratin filaments, the cornified cell envelope, the absence
of organelles from the cornified cell, and its association with other cornified cells
by modified desmosomes. Lamellar granules are present in the cytoplasm of the
granular cell and discharge their contents into the extracellular space by the pro-
cess of exocytosis. An example of this is seen at the left-hand margin of the
picture.

Diagram of melanocyte and formation of melanin. The melanocyte is located be-
neath or between the cells of the basal layer of the epidermis. These cells are of
neural-crest derivation and synthesize the skin pigment melanin which absorbs
UV light damaging to DNA. In melanosomes, the enzyme tyrosinase, a copper-
containing aerobic oxidase, is the enzyme responsible for the conversion of both
the naturally occurring amino acid tyrosine to dihydroxyphenalalanine (DOPA)
and DOPA to DOPA quinone. Melanin synthesis is completed within the
melanosomes, and the melanin granules are then transported through the den-
dritic processes, secreted, and taken up by adjacent keratinocytes.
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B2

B3

B4

B5

B6

Whole mount of frog skin incubated for DOPA reaction. Melanocytes appear as
a discontinuous network of dendritic cells whose processes fan out in all
directions.

TEM of melanocyte resting on basal lamina and flanked by keratinocytes. Note
that the melanocyte does not form hemidesmosomes with the basal lamina or
desmosomes with the keratinocytes. There are few melanosomes in the cyto-
plasm. This is characteristic; most melanosomes are transferred to the kerati-
nocyte. The melanocyte does not have keratin filaments but does contain another
class of intermediate filaments, which are evident in this micrograph.

TEM of melanocyte from a black individual, showing melanosomes in both
melanocyte and adjacent keratinocytes. Again the absence of specific junctions
between melanocytes and keratinocytes and the basal lamina are evident. This
also correlates with what is seen histologically; the melanocytes are pale cells as
compared with surrounding keratinocytes.

High-magnification TEM of melanosomes in melanocyte from hair follicle. The
matrix structure upon which pigment is synthesized is apparent.

LM of thin skin from a black individual. Note the presence of melanin in the basal
cells. (H & E)

TEM of full-thickness epidermis from a black individual. Note the amount of pig-
mentation in the basal keratinocytes and the small amount of melanin in the
suprabasal cells. There is degradation of pigment in the melanosome complexes
as differentiation progresses, although some pigment is always retained. In this
micrograph melanin can be seen even in some of the cornified cells.

Diagram illustrating four biological processes underlying melanin pigmentation.
These are melanosome formation, melanosome melanization, melanosome se-
cretion, and melanin degradation. In the Caucasian epidermal cell, or kerati-
nocyte, groups of melanosomes are aggregated within membrane-limited,
lysosomelike organelles, and the melanosomes often appear fragmented. How-
ever, in the Negroid epidermal cell, the melanosomes remain discrete. Skin pig-
mentation is a function of (1) tyrosine activity in the melanosomes, (2) the degree
of melanosome pigmentation, and (3) the degradation of the melanosomes as
they migrate in keratinocytes toward the surface. The number of melanocytes
found in the skin of Caucasians, Negroids, and Mongoloids is relatively con-
stant, averaging approximately 2,000 melanocytes/square mm on the head and
forearm and 1,000 melanocytes/square mm on the rest of the body.

TEM of stratum spinosum. Several keratinocytes and two Langerhans cells can
be seen. The Langerhans cells are recognized by the convoluted nuclear contour
and by the characteristic granules in the cytoplasm (seen best in the denser of the
two cells). The keratinocytes show abundant keratin filaments in the cytoplasm
(only microfilaments are present in the Langerhans cells) and desmosomes. The
Langerhans cells do not form attachments with adjacent keratinocytes.

FICHE 8 » FRAMES A8-B6
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B7

B8

B9

C1

C2

C3

C4

C5

Cé6

C7

C8

High-magnification TEM of Langerhans cell showing structure of Langerhans
cell granule. There is also a large membrane bound structure which appears to
contain microtubules or some tubular structure. Langerhans cells often contain
material in phagocytic vacuoles.

TEM of basal region of epidermis showing Merkel cells. A characteristic feature of
the Merkel cell is the presence of round, electron-dense granules located mainly
on the opposite side of the nucleus to the Golgi apparatus. The Merkel cell, unlike
the melanocyte and the Langerhans cell, is connected to surrounding kerati-
nocytes by desmosomes. Merkel cells are usually closely associated with germi-
nal neurites and are thought to form a complex that serves as a touch receptor.
Figure 3 is a high magnification of the Merkel cells seen in Figure 2.

Blank

Low-magnification LM of hairy skin. Examples of sebaceous glands, sweat
glands, and arrector pili muscle, as well as shafts of hair, can be seen. (H & E)

LM of hair follicles from scalp. In the longitudinally sectioned hair, identify the
papilla, connective tissue sheath, inner root sheath, outer root sheath, and shaft
of the hair. (H & E)

LM of lower, bulb-shaped portion of hair. Identify the matrix that is the germa-
tive center of the hair. The papilla and the connective tissue sheath are also visi-
ble. (H & E)

LM illustrating above the matrix the emerging hair and the concentric outer and
inner root sheaths. (H & E)

LM showing longitudinal section of hair above entrance of sebaceous gland. The
hair itself is composed of a cuticle, cortex, and medulla. The entire follicle is en-
cased by a connective tissue sheath. Identify the outer root sheath. (H & E)

LM of upper portion of hair follicle where it emerges onto surface of skin. The
outer root sheath is continuous with the epidermis, and squames of keratin ex-
tend into the well of the hair shaft. (H & E)

SEM of hairy skin.

SEM showing emergence of hair shaft from stratified squamous keratinizing ep-
ithelium. Compare with C6.
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LM showing longitudinal section of hair shaft and opening of sebaceous gland
into hair shaft. Observe the arrector pili muscle. (H & E)

High-magnification LM of sebaceous gland. Outermost cells of the gland rest on
a basal lamina comparable to that of the epidermis. These basal cells are the ger-
minative cells of the gland. As the cells migrate toward the center of the gland,
they progressively accumulate lipid within their cytoplasm. The cells continue to
enlarge, their nuclei become distorted and disintegrate, and eventually the cells
lyse, thus forming sebum, the lipid product of the glands. (H & E)

TEM of edge of sebaceous gland. Note the less differentiated germinative cells at
periphery of the gland. Lipogenesis is evident in cells removed from the periph-
ery of the gland.

LM of sweat gland showing coiled sweat ducts and secretory portions of the
gland. The secretory portions exhibit a larger diameter, whereas the ducts are
smaller and stained more intensely. (H & E)

TEM of eccrine sweat gland. The secretory tubule in the sweat gland is composed
of three distinct cell types: myoepithelial cells, clear serous cells, and dark serous
cells. The dark cells contain secretory granules that vary in electron density and
which are believed to be made up of mucosubstance. The clear cells (lower left)
contain abundant glycogen particles and are thought to produce most of the wa-
tery secretion that emerges as sweat on the surface of the skin. The lumen of the
secretory tubule can also be seen (upper left).

LM of dermis through which duct of sweat gland passes as it courses to surface of
skin. The dermis can be subdivided into the papillary layer adjacent to the epider-
mis and the thicker, reticular layer which extends to the underlying fatty hypo-
dermis. (H & E)

TEM of duct of sweat gland. The duct of a sweat gland consists of two layers of
cells: the basal, or peripheral, cells which contain numerous mitochondria and
the superficial cells which lie closest to the lumen and form the cuticular border
(arrows). The duct does not contain myoepithelial cells nor are there secretory
cells of either serous or mucous types. Physiological studies show that the duct of
the eccrine sweat gland is engaged in the active resorption of sodium, which is
excreted by the secretory tubules. BM, basement membrane; P, peripheral cells;
S, superficial cells; Lu, lumen of the duct.

TEM of basal surface of epidermis. Neurite processes enveloped by Schwann
cells can be seen fusing with the basal surface of the epidermis. The basal lamina
of the epidermis is continuous with that surrounding the Schwann cells. a, neu-
rite process; K, keratinocyte; BL, basal lamina; Sc, Schwann cell.
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E2

E3

E4

E5

E6

E7

E8

LM of thick skin with Meissner’s corpuscle in dermal papilla of connective tissue.
(H&E)

LM of hypodermis showing Pacinian corpuscle. (H & E)

Diagram of development of exocrine and endocrine glands. The invagination of
epithelial cells results in the formation of glands. If a connection with the surface
persists (in the form of a duct), the organ is an exocrine gland (B). If the connec-
tion disappears, the gland is endocrine and discharges its secretory product into
the blood vascular system (C). Unicellular glands may be found in simple epithe-
lium (A), such as the intestinal epithelium.

LM of intestinal epitheium. The goblet cell is an example of a unicellular gland
that secretes a sulfated mucin. (H & E)

LM of base of intestinal crypt in intestine. The clustering of Paneth cells in the
base of the gland is an example of a simple multicellular gland. (H & E)

LM of surface epithelium in stomach. The entire epithelial surface consists of sur-
face mucous cells, each of which elaborates its product into the lumen of the
stomach. In this instance the entire surface epithelium functions as a multicellu-
lar gland. (H & E)

Diagram illustrating the structure and activities of exocrine glands and the duct
systems used to drain them. Ducts are described as intralobular when they lie
within the lobule, whereas interlobular ducts lie in the connective tissue between
lobules and drain secretions from several adjacent lobules. Salivary glands may
have serous secretions such as in the parotid, or mixed seromucous secretions as
in the submandibular and sublingual glands. The pancreas is a serous-secreting
gland.

Low-magnification LM of parotid gland showing both serous acini and large
amounts of fat infiltration. Intralobular ducts can be seen in center of lobule.
(H&E)

LM of parotid lobule, with intercalated duct (upper left) and striated duct (lower
right). The nuclei of the basophilic serous cells can be seen at the periphery of the
acini. (H & E)

TEM of parotid acini from unstimulated gland, showing serous cells with numer-

ous secretory granules surrounding central lumen (upper right). Compare with
E9.
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TEM of parotid gland acini after sympathetic stimulation. Note the extensive de-
pletion of acinar secretion granules and the prominence of the basal rough endo-
plasmic reticulum.

Diagram of neural regulation of exocrine secretion. The autonomic nervous sys-
tem innervates exocrine glands by means of its sympathetic and parasympathetic
divisions. Neurons of the sympathetic nervous system tend to travel in company
with blood vessels, whereas those of the parasympathetic nervous system follow
the ducts.

TEMs of innervation of parotid acinar cell. Panel A shows an unmyelinated nerve
terminal beneath the basal lamina. In panel B an unmyelinated nerve terminal
has also penetrated the basal lamina and lies within an inpocketing of the acinar
cell. Arrows indicate subsurface cisternae. LV, large vesicle.

TEM of parotid acinar cell. Secretion granules are polarized toward the lumen of
the secretory channel. In the base of the cell are multiple arrays of rough endo-
plasmic reticulum and several lysosomes. The lateral cell membranes are inter-
digitated, while the basal surface of the cell rests on the basement membrane. L,
lumen; LY, lysosome; G, Golgi; CV, condensing vacuole; SG, secretion granule;
N, nucleus.

TEM of interface between exocrine cells in acinus and intercalated duct cells.
EExS, exocrine lumen extracellular space; DC, duct cell.

TEM of exocrine acinus-intercalated ductjunction. Observe the connection of the
intercalated duct cells to the acinus. Compare this with the LM of intercalated
ducts seen in F6.

LM of parotid lobule showing intercalated and striated ducts intermixed between
serous acini. Several fat cells, or adipocytes, are also present. (H & E)

LM of striated duct. Cells lining the duct are columnar, with a centrally located
nucleus. (H & E)

TEM of striated duct in parotid gland. Note the abundant numbers of mitochon-
dria within the basal cytoplasm of the cell.

LM of interlobular ducts. Large amounts of collagen invest the interlobular ducts
as they course between adjacent lobules of glandular tissue. (H & E)

LM of extralobular duct with stratified epithelium surrounded by substantial
connective tissue. (H & E)
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G4
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G7

G8

G9

LM of seromucous gland illustrating serous demilunes. (H & E)

TEM of serous demilune. Mucous cells contain electron-lucent granules,
whereas the serous cells located at the periphery of the mucous units contain
electron-dense granules and substantial amounts of rough endoplasmic reticu-
lum. Large arrows indicate processes of myoepithelial cells.

Indirect immunofluorescent localization of myosin in myoepithelial cells sur-
rounding serous acini. Note the radial, or dendritic, appearance of myoepithelial
cells (right of center) in these tangentially sectioned acini. Compare with G8.

Low-magnification LM of submandibular gland showing interlobular ducts and
secretory lobules. (H & E)

Higher-magnification LM illustrating serous and mucous secretory units in sub-
mandibular gland. A portion of a striated duct can be seen (left). Note the pres-
ence of serous demilunes. (H & E)

Low-magnification LM of sublingual gland illustrating interlobular ducts and
presence of intralobular ducts within glandular lobule. (H & E)

High-magnification LM of sublingual gland showing mucous acini surrounded
by myoepithelial cells. A few serous cells are also present in some acini. (H & E)

TEM of sublingual gland acini showing both mucous cells and serous-secreting
cells. A myoepithelial cell is visible at periphery of acinus.
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Low-magnification LM of pancreas. Pale clusters of endocrine cells comprising
islets of Langerhans can be seen interspersed among the serous acini. (H & E)

High-magnification LM of pancreas. Serous pancreatic acini surround a well-vas-
cularized islet of Langerhans. Because of their staining properties, intralobular
ducts are difficult to find within the pancreatic lobules. (H & E)

Indirect immunofluorescent micrograph showing localization of the pancreatic
enzyme amylase. Specific staining for amylase is seen within the secretory gran-
ules of the serous acinar cells, which are polarized toward the lumen of the secre-
tory channel.

High-magnification LM illustrating structure of pancreatic acinus. The acinus at
the top contains centrally located nuclei which are the beginnings of the interca-
lated duct. These cells are referred to as centroacinar cells. (H & E)

A5-A9 Blank

B1

Diagram illustrating relationships between hypothalamus and anterior and pos-
terior lobes of pituitary gland. The anterior pituitary is derived from pharyngeal
epithelium and consists of three parts: the pars distalis, which comprises the bulk
of the gland and produces six hormones; the pars intermedia, whichis a very thin
portion of the anterior pituitary found posterior to Rathke’s cysts in the adult;
and the pars tuberalis, an extension of the anterior pituitary which wraps around
the neural stalk. The hypothalamic hypophyseal portal system transports releas-
ing factors and inhibiting factors from the hypothalamus via the bloodstream to
the pars distalis where they influence the secretion of pituitary hormones. The
posterior pituitary (pars nervosa) is an evagination of the hypothalamus and is
the site of storage and release of the hormones oxytocin and vasopressin, which
are synthesized by cell bodies in the hypothalamus. The hypothalamohypophy-
seal tract consists of axons, mainly from the paraventricular and supraoptic
nuclei, which transport hormones to the pars nervosa for storage (in Herring
bodies) and release. Pituicytes are supporting (glial-like) cells of the pars
nervosa.
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Macrophotograph of pituitary gland. The large pars distalis portion of the pitu-
itary gland consisting of acidophilic and basophilic cells is easily distinguished
from the pale-staining pars nervosa. (H & E)

LM of pars distalis illustrating cord like arrangements of cells and sinusoidal ves-
sels. Three cell types can be recognized: the acidophil, the basophil, and the chro-
mophobe. The first two are recognized by their tinctorial staining properties and
produce six different hormones, whereas the chromophobe is characterized by a
lack of staining. The term chromophobe is widely used in the pathology literature
but is now known to represent either an acidophil or basophil with only a few
secretory granules. (H & E)

LM of pars distalis stained with Masson’s trichome. The distinction between
acidophils and basophils is very easily made. Some cells representing the chro-
mophobe are also seen, but these cells are known to represent one of the six hor-
monal cell types.

LM of section of pituitary immunocytochemically stained for growth hormone.
The dark brown-staining oval cells are somatotropes and comprise one of the two
acidophil cell types found within the pituitary.

TEM of pars distalis showing somatotropes. These cells are characterized by the
presence of large, round, secretory granules.

TEM immunocytochemical localization of growth hormone at ultrastructural
level. Specific staining for growth hormone can be seen within the large secretion
granules.

LM of section of pituitary stained for the hormone prolactin. The prolactin cell, or
mammotrope, is irregular in shape and is also a member of the acidophil class of
pituitary cells.

TEM of pars distalis showing mammotrope (or prolactin) cell, which contains
large, irregular-shaped granules.

TEM of cell in pars distalis that secretes thyroid stimulating hormone (TSH). This
cell type belongs to the basophil group and is characterized by the presence of
numerous small granules which are marginated toward the plasmalemma.

TEM of pituitary illustrating immunocytochemical localization of TSH within
small secretory granules of TSH cell. The staining for TSH was accomplished on
the thin section, and the specific staining is recognizable by the presence of small
stain complexes overlying the secretion granules. This is better seen in the inset
(lower right).
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TEM of adrenocorticotropic hormone (ACTH) cell. The ACTH cell is also a mem-
ber of the basophil class. This cell is stellate shaped, and one process can be seen
extending toward the right side of thr frame. Small granules are near the
plasmalemma. In the human, this cell type is also PAS-positive since the prohor-
mone for ACTH is a glycoprotein, whereas the circulating form of ACTH is a

polypeptide.

TEM of gonadotrope. The gonadotropin-secreting cells in the pituitary are also
basophils. These cells secrete LH and FSH, and some evidence suggests that one
cell may secrete both hormones.

LM of pars distalis. This pituitary gland was obtained from a woman who had
been both ovaryectomized and adrenalectomized. Since the target organs for
both ACTH and the gonadotropin hormones were removed, the basophilic go-
nadotropes and ACTH cells continue to hypertrophy and have formed what are
called either adrenalectomy or castration cells. An example of a large basophil is
seen in the center of this frame. (Masson’s trichome stain)

TEM of castration cell in pars distalis of rat. Owing to the removal of the target
gland by castration, this gonadotropin cell has enlarged, as evidenced by the hy-
pertrophied rough endoplasmic reticulum. The cell is attempting to produce
more gonadotropin to stimulate the gonads to secrete steroid hormones. Since
the gonads were removed by castration, the production of steroids is impossible,
and the cell thereby is unable to shut off production of gonadotropin hormones.

LM showing pars distalis, Rathke’s cyst, intermediate lobe, and pars nervosa.
That portion of the pars distalis posterior to Rathke’s cyst is the intermediate
lobe. (Masson’s trichrome)

Higher-magnification LM of pars nervosa showing pituicytes, endothelial cells,
and Herring bodies. In this Masson’s trichome stain, the Herring bodies can be
recognized by their blue, smooth, homogenous-staining appearance.

TEM of pars nervosa stained at ultrastructural level for vasopressin. Note im-
munoreactive deposits over axons and nerve terminals, the latter corresponding
to Herring bodies at the LM level. The inset shows, at high magnification, specific
staining for vasopressin only over secretory granules within the terminals and
axons.

Diagram of TSH-induced synthesis and secretion of thyroxin in thyroid gland.
The thyroid gland stores its product in a colloidal pool within the follicle rather
than in the cell itself. Secretion of thyroxin involves the uptake of the colloidal
product from the lumen of the follicle, its breakdown within lysosomes in the
thyroid cells, and its release into the bloodstream.
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LM of thyroid gland showing ball-like arrangements of thyroid cells and pres-
ence of colloid within central lumen. (H & E)

LM of thyroid stained with PAS technique. Thyroglobulin is a glycoprotein and
therefore appears as an intense red with this staining method.

TEM of thyroid follicle. Colloid can be seen in the lumen of the thyroid follicle
(left). The thyroid follicular cells are cuboidal and relatively inactive. Several
dense bodies are visible in the base of the thyroid follicular cells. A fenestrated
capillary can be seen in the connective tissue surrounding the thyroid follicle.

SEM of vascular cast of thyroid gland. Note the tortuous arrangement of capil-
laries around the follicle. The basketlike arrangement of capillaries is indicative of
the high vascularity of the thyroid gland.

LM of group of thyroid follicles. Observe the large central follicle which shows a
scalloping of the colloid within the lumen. The scalloping indicates increased
secretory activity of the columnar cells lining this follicle, whereas the follicle im-
mediately to the left has a smooth colloid appearance atits periphery and the cells
are low cuboidal to squamous and inactive. (H & E)

SEM of luminal surface of thyroid follicle. Note the microvillous surface of the
thyroid follicular cells in the resting state (left). The thyroid follicle (right) has
been stimulated with the hormone TSH. Observe the exensive pseudopods and
veil-like extensions of the apical cytoplasm of these cells into the follicular lumen.
The cytoplasmic extensions are involved in the phagocytic uptake of colloid into
the thyroid follicular cell.

LM of thyroid gland stained for the hormone thyrocalcitonin. Cells that are
stained dark brown contain thyrocalcitonin and are located in the wall of the thy-
roid follicle.

TEM of thyroid follicle wall showing presence of thyrocalcitonin cell. Observe
the small dark secretory granules that are polarized toward the connective tissue
surface of the follicular wall (lower left).

Diagram illustrating role of parathyroid gland and other organs in regulation of
serum calcium.

LM of parathyroid gland. This gland often shows fatty infiltration. The par-
enchyma of the gland consists of three cell types: small, dark-staining chief cells;
larger, red-staining oxyphil cells; and clear-staining Wasserhelle cells. (H & E)
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Higher-magnification LM of parathyroid gland. The frame shows chief cells,
oxyphil cells, and clear cells (or Wasserhelle cells). (H & E)

LM illustrating immunocytochemical localization of parathormone in chief cells
of parathyroid.

TEM of parathyroid gland showing chief cell. Unlike other endocrine cell types,
the chief cell is characterized by the relative absence of secretory granules since it
does not contain a large amount of parathormone in storage form.

TEM of oxyphil cells in parathyroid. Note the abundant mitochondria which al-
most completely fill the cytoplasm of this cell type.

Diagram of architecture and blood flow through adrenal gland, subdivisions of
adrenal cortex, and principal hormones secreted in each. Secretion in the adrenal
gland is regulated by ACTH from the anterior pituitary gland and by renin from
the kidney (for the cortex) and by preganglionic sympathetic neurons (for the
medulla). An occasional postganglionic neuron may be found in the adrenal
medulla, while the chromaffin cells of the medulla are modified, postganglionic
sympathetic neurons of neural-crest derivation. Medullary secretion is modified
by glucocorticoids and methyltransferase transported to the medulla by the corti-
cal sinusoids. Medullary arterioles carry fresh blood directly to medullary capil-
laries. Both sets of vessels are drained by collecting medullary veins into
the suprarenal veins which transport adrenal hormones into the peripheral
circulation.

Macrophotograph of adrenal gland. Zonation of the adrenal cortex and the pres-
ence of the medulla can easily be distinguished. Large collecting veins are also
recognizable within the medulla. (H & E)

Low-magnification LM of adrenal gland. At leftis the capsule containing a small
amount of pericapsular fat. Immediately beneath the capsule is the zona
glomerulosa, then the zona fasiculata and the acidophilic-staining zona reticu-
laris. At the right can be seen the basophilic-staining medulla in which several
large collecting veins are present. (H & E)

Higher-magnification LM of zona glomerulosa of adrenal gland. The capsule of
the gland is seen at left, and continuation of the zona glomerulosa (round clusters
of cells) into the zona fasciculata is seen at right. (H & E)

TEM of zona glomerulosa. Cells of the zona glomerulosa contain abundant,
smooth endoplasmic reticulum in the cytoplasm, and elongated mitochondria
with broad, flattened cristae. Small amounts of lipid and lipofuscin pigment are
also present.
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LM of adrenal cortex illustrating junction between zona fasciculata (left) and
zona reticularis (right). Note the vacuolated cytoplasm in the zona fasciculata, in-
dicating the presence of large amounts of lipid. (H & E)

TEM of zona fasciculata showing long, radially arranged cords of cells and adja-
cent fenestrated capillaries. D, lipid droplets; S, extravascular space; C, capillary
lumen.

TEM of zona fasciculata cells at higher magnification. These cells are character-
ized by the large number of lipid droplets and distinctive mitochrondria which
contain short tubular cristae. The cytoplasm also contains well-developed
smooth endoplasmic reticulum and occasional patches of rough endoplasmic
reticulum.

TEM of zona fasciculata cells at still higher magnification. The tubular cristae in
the mitochondria are easily discerned. Also note the abundant, smooth endo-
plasmic reticulum and the presence of lipofuscin pigment and small patches of
rough endoplasmic reticulum.

LM illustrating junction between zona reticularis and adrenal medulla. Cells in
the zona reticularis are compact and more intensely stained than those in the
zona fasciculata. These cells also contain sizable amounts of lipofuscin pigment,
which is visible as gold-brown deposits located near the nuclei. (H & E)

TEM of junction between zona reticularis and adrenal medulla. Observe the
residual bodies present within the zona reticularis cells. The granulated cells of
the adrenal medulla are seen at right. D, lipid droplet; Ep, epinephrine-produc-
ing cell; N, nucleus; Nor, norepinephrine-producing cell; S, sinusoid; and *, in-
tercellular space.

Higher-magnification TEM of cells in zona reticularis. Note the many residual
bodies and sizable number of mitochondria within the cell. Smaller numbers of
lipid droplets are present in the zona reticularis cells, and the smooth endoplas-
mic reticulum is not quite as well developed as in the zona fasciculata.

LM of adrenal medulla showing chromaffin cells and two sympathetic postgan-
glionic cells in center of frame. (H & E)

TEM of adrenal medulla showing different granule types within norepinephrine-
and epinephrine-secreting cells. Epinephrine-secreting cells contain granules
that exhibit only slight to moderate electron density owing to the fact that
epinephrine is extracted from the tissue during fixation and processing. Nore-
pinephrine reacts with glutaraldehyde, a fixative used in TEM, to produce an
electron-dense polymer and accounts for the electron density seen in this granule
type. NE, norepinephrine; E, epinephrine.
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LM of aldehyde fuchsin-stained pancreas demonstrating selective staining for in-
sulin within beta cells of islets of Langerhans. Observe that some cells within the
islet are unstained with this procedure.

Immunocytochemical staining for insulin and glucagon of islet of Langerhans in
pancreas (LM). The insulin-producing beta cells are stained with a blue reaction
product and form cordlike clusters of cells. The brown-staining alpha cells,
which contain glucagon, are seen at the periphery of the islet. See G5 for the
staining of somatostatin cells and their location within the adjacent section of the
same islet.

LM of the same pancreatic islet seen in G4 but stained for glucagon and somato-
statin. The alpha cells, which contain glucagon, are stained brown, as they were
in G4, and the somatostatin cells are now stained blue. Note that these cells are
also found at the periphery of the clusters of beta cells.

High-magnification TEM of an islet of Langerhans in pancreas. Each cell type in
the pancreaticislet has a distinct granular morphology. The beta cells (B) contain
both a core with moderate electron density and a nonstaining halo. The alpha
cells (A) contain an electron-dense core and an eccentric halo. The D-1 cell, or so-
matostatin-producing cell, contains granules with moderate electron density
and no halo. The D cell (now called PP cell), at top of frame, contains the hormone
pancreatic polypeptide.

TEM showing thin sections and freeze fracture of beta cells (arrowheads). The
thin section at left shows a punctate contact between two beta cells that is thought
to correspond to gap junctions (arrowheads) seen by freeze fracture.

LM localization of lucifer yellow (left) in cells showing dye transfer (gap junc-
tions) and localization of insulin (right). Note that not all lucifer yellow-positive
cells contain insulin; therefore gap junctions are present between beta and non-
beta cells.

Diagram showing relationship between gap junctions and innervation of pancre-
atic islet cells.
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Diagram of major vessels entering and leaving liver. The relationship of the sinu-
soids and hepatic lobules to these vessels is shown at left.

Diagram illustrating relationship of hepatic lobule to portal canal and to hepatic
vein,

LM of liver showing relationship between central vein and portal canal. Observe
the radial arrangement of cells emanating from the central vein. (H & E)

SEM of liver illustrating radial arrangement of cells from central vein toward por-
tal canal. CV, central vein; PV, portal vein.

Diagram of hepatic lobule showing flow of blood from portal triads to central vein
and flow of bile from canaliculi in liver cords to bile ducts in portal triad.

Diagram depicting flow of blood in classical hepatic lobule. Blood flows cen-
tripetally from portal triads to central vein in center of hepatic lobule.

Diagram of Rappaport’s lobule, called the liver acinus. Those cells within the
hepatic lobule that are supplied by branches from one or two adjacent portal tri-
ads constitute the hepatic lobule of Rappaport. In this model, cells at the periph-
ery of the (classical) lobule are exposed to higher concentrations of oxygen and
nutrients, whereas those closest to the central vein are exposed to lower concen-
trations of these materials.
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A8 LMof portal triad. The portal vein (center) has a large branch (left), from which
several smaller branches extend, feeding sinusoids between plates of liver cells.

Also present within the triad are branches of the hepatic artery and the bile duct.
(H & E)

A9 Higher-magnification LM of portal triad illustrating branches of portal vein, hep-
atic artery, and bile duct. (H & E)

B1 LMofcentral vein of liverlobule. Hepatocytes adjacent to the central vein contain
abundant amounts of lipofuscin pigment. Sinusoids can be seen (top) emptying
into the central vein. (H & E)

B2 SEMofliver showing central vein and openings of sinusoids into lumen of vein.

B3 High-magnification LM of liver parenchyma. Note the cordlike arrangements of
hepatocytes separated by liver sinusoids. (H & E)

B4 TEM ofliver parenchyma showing relationships of hepatocytes to liver sinusoid.
Observe the numerous mitochondria. The plasmalemma of the hepatocyte ex-
posed to the sinusoids has microvilli as surface specializations, whereas the plas-
malemma of the hepatocyte abutting on other hepatocytes has tight junctions,
gap junctions, and microvilli. This tissue was taken from a starved rat and, there-
fore, the hepatocytes are depleted of glycogen.

B5 TEMof hepatocytes from a fed rat, illustrating accumulation of particulate glyco-
gen within cytoplasm. Bile canaliculi can be seen between adjacent hepatocytes.

B6 TEMof hepatocyte at higher magnification, revealing abundant rough endoplas-
mic reticulum, particulate glycogen, and mitochondria.

B7 TEM autoradiograph of rat liver perfused 15 minutes after injection of 125I-la-
beled beta glucuronidase. Autoradiograph grains representing the localization
of this enzyme are found overlying endothelial cells and Kupffer cells lining the
sinusoidal lumen, but not over hepatocytes. This illustrates the presence of
specific receptors for lysosomal enzymes within the cell types lining the sinu-
soidal lumen, but not within the hepatocytes.

B8 TEM of radiograph of liver perfused after injection with '®I-labeled glucagon.
Autoradiographic grains representing the localization of glucagon are now
found over the periphery of hepatocytes but not over endothelial cells or Kupffer
cells lining the sinusoidal lumen.
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Higher-magnification TEM of same tissues seen in B8, revealing localization of
silver grains representing glucagon over plasmalemma of hepatocytes. Liver
cells are known to contain specific receptors for glucagon, whereas the cells lin-
ing the sinusoidal lumen do not. Identify the space of Disse.

Diagram representing flow of bile and portal triad.

High-magnification LM of liver cords and adjacent sinusoids. Two liver cells
(center) abut one another and contain a small bile canaliculus at their interface.
Gold brown lipofuscin pigment is seen in most of these cells. (H & E)

High-magnification LM of liver. Two cells (center), one of which (on the right) is
binucleate, have a bile canaliculus at their interface. (azo-carmine stain)

SEM of fractured liver revealing sinusoid (left) and fractured liver cell surfaces
(right). The bile canaliculi can be seen on the surface of fractured hepatocytes and
contain small microvilli. The luminal surface of the sinusoid possesses both fen-
estrations and large perforations. The hepatocyte’s surface facing the sinusoidal
lumen is covered by a series of microvilli.

TEM of interface between two hepatocytes showing bile canaliculus. The luminal
surface of the canaliculus contains numerous microvilliand is sealed from the lat-
eral intercellular space by zonula occludens at both margins. Observe the pres-
ence of Golgi and pericanalicular dense bodies.

TEM illustrating transition between bile canaliculi and terminal bile ductule in
portal triad. The inset (lower left) shows a one-micron section of a portal area and
similar transition. PV, portal vein; HA, hepatic artery, BD, bile ductules.

High-magnification LM of rat liver after intravenous injection of trypan blue.
This dye has been phagocytosed by Kupffer cells lining the sinusoids. (H & E)

TEM of rat liver showing Kupffer cell spanning sinusoidal lumen. This cell has
very short cytoplasmic extensions.

TEM of liver sinusoid illustrating presence of Kupffer cell (far right). This tissue
has been processed for peroxidase activity. The enzyme peroxidase is found
within Kupffer cells and macrophages but not within endothelial cells, an exam-
ple of which is seen at far left.

SEM of fractured surface of liver sinusoids. Kupffer cells can be seen spanning
the sinusoidal lumen at left and right. K, Kupffer cells; S, sinusoidal lumen; En,
endothelial cell; BC, bile canaliculus; LP, liver plate.
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TEM of liver sinusoid showing morphology of lipocytes. These cells store lipids
and are rich in vitamin A.

Low-magnification LM showing pronounced folding of gallbladder mucosa.
(H&E)

SEM of gallbladder mucosal surface. Compare the numerous folds, or rugae, on
the surface with those seen by light microscopy in D3.

High-magnification LM of gallbladder mucosa. The epithelium consists of simple
columnar cells with a well-developed microvillous border. The lamina propria is
rich in blood vessels and contains connective tissue fibers. (H & E)

TEM of gallbladder showing morphology during active water transport (right)
and in inactive stage (left). Note the increased intercellular space in the epithe-
lium during the active transport of water.

D7-D9 Blank
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Diagram of gastrointestinal tract and accessory organs of digestion.

Diagram of overall histological organization of digestive tract from esophagus
through large intestine. The wall of the digestive tract consists of four layers;
named in order from the lumen outward, these are the mucosa, the submucosa,
the muscularis, and the adventitia. The mucosa has three components: a superfi-
cial epithelium, an underlying connective tissue stroma, and a relatively thin
layer of smooth muscle called the muscularis mucosa.

Macrophotograph of longitudinal and cross sections of esophagus. Observe the
star-shaped lumen in the latter section, as well as the presence of different layers
in the wall. (H & E)

Low-magnification LM illustrating the four layers of the esophagus. From right
to left, these consist of (1) the mucosa, made up of epithelium, underlying lamina
propria, and muscularis mucosa; (2) the submucosa, containing two mucous
glands; (3) the muscularis, consisting of inner circular and outer longitudinal lay-
ers of smooth muscle; and (4) a portion of adventitia (upper left). (H & E)

Higher-magnification LM of mucosa and submucosa of esophagus. The
esophageal glands are located in the submucosa and are involved in the produc-
tion of mucus for the lubrication of food during swallowing. (H & E)

FICHE 10 - FRAMES D2-E5

33



FICHE 10 « FRAMES E6-F8 GASTROINTESTINAL TRACT

Eé6

E7

LM showing esophageal-cardiac junction. Note the stratified squamous nonker-
atinizing epithelium of the esophagus (right) and the simple columnar epithe-
lium of the stomach (left), which is folded into invaginations called cardiac
glands. (H & E) '

High-magnification LM of junction between epithelium of esophagus and that of
cardiac region of stomach. (H & E)
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Macrophotograph of luminal surface of esophagus and stomach. The esophagus
is connected to the cardiac region of the stomach (upper left). Rugae, or folds, of
the mucosal surface extend throughout the body, fundus, and down into the py-
lorus (lower left). The thickening of smooth muscle (lower left) is called the py-
loric sphincter.

Diagram showing subdivisions of stomach wall and cytological details of gastric
glands in body-fundus of stomach.

LM illustrating cardiac region of stomach. Observe the shallow gastric pits and
the short cardiac glands. (H & E)

Low-magnification LM of body of stomach, illustrating presence of gastric
glands. Observe the longer gastric pits and the presence of acidophilic and
basophilic regions within the gastric glands. The muscularis mucosa separates
the gastric glands from the underlying submucosa. (H & E)

High-magnification LM of base of gastric pit and its junction with neck of gastric
gland. Surface mucous cells can be seen lining the gastric pits, whereas the necks
of the gastric glands consist of parietal cells and intervening mucous neck cells.
(H&E)

SEM of body of mouse stomach. Observe the tubular glands and openings of gas-
tric pits in the mucosal surface.

LM illustrating middle and basal portions of gastric glands. Notice the predomi-
nance of parietal cells in the body of the gland, and the larger number of
basophilic chief cells in the base of the gland. (H & E)

High-magnification LM of body of gastric gland. Acidophilic parietal cells can be
seen bulging from the lateral surface of the gastric gland. The small narrowed
apex of these cells opens to the lumen of the gland. (H & E)
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F9 Diagram illustrating structure of parietal cell and mechanisms involved in forma-
tion of hydrochloric acid.

G1 TEM of parietal cell in gastric gland. Observe the well-developed intracellular
canaliculi in this cell, which is active in the formation of hydrochloric acid. Go,
Golgi; Nu, nucleus; Fc, fibroblast; m, mitochondria; Ly, lysosomes; Ld, lipid
droplet; Jc, junctional complex; Cc, chief cell.

G2 TEMof parietal cell. It is not involved in the secretion of hydrochloric acid. The
intracellular canaliculi have lost their contact with the lumen of the gland. The
large numbers of microvilli in the canaliculi have been internalized by an endo-
cytic mechanism, and in this way extra surface membrane is stored within the
cell. Upon stimulation, the stored membrane will fuse again with the cell surface
and reform the intracellular canaliculi.

G3 T1EM showing immunocytochemical localization of intrinsic factor within the
parietal cell. Specific staining for intrinsic factor can be seen within tubulo-vesi-
cles in the cytoplasm. N, nucleus; G, Golgi; RER, rough endoplasmic reticulum.

G4 Low-power TEM of gastric gland illustrating organization of chief cells within
basal region of the gland.

G5 TEMofa chiefcell showing its exocrine organization. In the stomach the chief cell
is involved in the formation of rennin, pepsinogen, and gastric lipase.

G6 Low-power LM of pyloric mucosa. Note the long gastric pits and the highly
coiled pyloric glands. (H & E)

G7 Immunofluorescence localization of gastrin at LM level within pyloric glands.
Observe the highly fluorescent cell in the gastric gland (center). Note the orienta-
tion of the immunofluorescence toward the lamina propria, or connective-tissue
surface of the gland.

G8 TEMof pyloric gland showing ultrastructure of G cell, or gastrin-producing cell.
Observe the basal polarization of secretory granules containing gastrin toward
the connective-tissue surface of the cell. Mg, mucous granule; Glu, gland lumen;
Mv, microvilli; Go, Golgi; m, mitochondria; N, nucleus; Er, endoplasmic
reticulum.

G9 TEMof pyloric gland showing morphology of enterochromaffin cell, which con-
tains serotonin. Like other endocrine cell types within the mucosa, the granules
are polarized in the base of the cell in order to be released into the connective
tissue, lamina propria, where their contents will diffuse into the peripheral
circulation.
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Low-magnification LM of pyloric-duodenal junction. Tracing the pyloric mucosa
(left) over the pyloric sphincter, one can observe the formation of villi within the
duodenal mucosa and the appearance of Brunner’s glands in the submucosa
down to the muscularis mucosa. (H & E)

SEM of pyloric-duodenal junction showing flattened surface of pyloric mucosa
(left) and evaginations, or villi, in duodenal mucosa, which are located beyond

the pyloric sphincter.

Diagram illustrating structure of small and large intestines.

Diagram of crypt and villus epithelium within small intestine, and of types of ep-

ithelial cells, their location and function.
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Low-magnification LM of duodenal mucosa. Easily distinguished are the numer-
ous fingerlike villi, the glandular invaginations called the intestinal crypts of
Lieberkuhn, and, beneath the muscularis mucosa, the mucus-secreting Brun-
ner’s glands. (H & E)

High-magnification LM of base of intestinal crypts of Lieberkuhn and their inter-
face with mucus-secreting Brunner’s glands. Ductular extensions of Brunner’s
glands empty into the base of the intestinal crypts. (H & E)

High-magnification LM of tip of intestinal villus. Cells are desquamating, or be-
ing lost, from the surface of the villus. (H & E)

SEM of surface of intestinal villus. The villus is similar to that seen in A7. Notice
that cells undergoing desquamation project above the rest of the epithelial
surface.

Side view of intestinal villus by SEM, showing furrows, or contraction bands,
formed during fixation of the tissue. These bands are formed when smooth mus-
cle contracts within the lamina propria of the villus.

High-magnification LM of epithelium of two adjacent villi. Observe the pale-
staining goblet cell (center). Several lymphocytes can also be seen traversing the
epithelium.

TEM of villus epithelium. Notice the goblet cell (center), also, numerous
lymphocytes can be seen within the epithelium. In the lamina propria a fenes-
trated capillary is seen at the base of the goblet cell.

High-magnification TEM of absorptive epithelial cells, revealing extensive mi-
crovilli on apical surface and presence of glycocalyx, which contains enzymes in-
volved in digestion of disaccharides and small peptides.

TEM using ferritin-labeled antibodies to demonstrate localization of sucrase in
microvillous border of intestinal epithelial cells.

FF of junctional complex found at apical surface of absorptive epithelial cells. The
extensive zonula occludens seen in this micrograph illustrates the permeability
barrier that exists between the intestinal lumen and the intercellular space be-
neath the junctional complex.

Diagram depicting absorption of nutrients across microvillous border of intesti-
nal epithelial cells.
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LM of ileal mucosa revealing presence of lacteals within intestinal villi. (H & E)

High-magnification of intestinal villus showing presence of lacteal within lamina
propria. Compare the lacteal with the small venule (right). (H & E)

SEM of ileal mucosa. Note the leaf-shaped villi and, on floor of intestine, open-
ings of intestinal crypts of Lieberkuhn.

LM of ileal mucosa. Observe the large number of goblet cells within the epithe-
lium and the presence of acidophilic Paneth cells at the base of the intestinal
crypts. The muscularis mucosa is seen immediately beneath the intestinal
glands. (H & E)

LM of frozen section of ileum immunocytochemically stained for the neurotrans-
mitter VIP. Observe the plexus of nerve fibers surrounding the apical portion of
the crypts and extending up into the villus to just beneath the epithelium.

Immunocytochemical demonstration (LM) of lysozyme within Paneth cells in rat
ileum. Observe cells containing lysozyme, within the lamina propria, which are
either polymorphonuclear cells or macrophages.

High-magnification LM of base of intestinal crypts revealing presence of Paneth
cells. Note the extensive number of acidophilic secretory granules (containing
lysozyme) in the apex of these cells. (H & E)

TEM of base of intestinal crypt containing large numbers of Paneth cells in rat
ileum. The Paneth cells are serous cells which secrete lysozyme, a bactericidal en-
zyme. These cells also contain an extensive lysosomal apparatus and are capable
of endocytosis of microorganisms found within the crypt lumen. Two examples
of enteroendocrine cells are also visible.

LM of intestinal crypts of Lieberkuhn in the mouse after injection of tritiated
thymidine. Stem cells in the base of the intestinal crypts incorporate tritiated
thymidine and continue to divide to give rise to cells that will migrate up the in-
testinal crypt and eventually onto the villus. (PAS hematoxylin)

High-magnification LM of lamina propria within intestinal villus. observe the
large number of plasma cells within the lamina propria. (H & E)

TEM of plasma cells within lamina propria. A lacteal can be seen (far left). These
plasma cells within the intestine are involved in the production of secretory IgA,
an immunoglobulin that is transported across the epithelium into the intestinal
lumen.
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LM of section of intestine stained immunocytochemically for localization of
secretory IgA. Large numbers of dark-staining plasma cells can be seen within
the lamina propria of intestinal villi and also within the submucosa. The apical
portions of the cells of the intestinal crypts of Lieberkuhn are also stained for
secretory IgA, for it is these epithelial cells that are invoived in the transport of
this immunoglobulin from the lamina propria into the lumen of the intestine.

Diagram showing synthesis, transport, and secretion of secretory IgA in intesti-
nal mucosa.

Diagram of relationship between antigen transport, maturation of plasmablasts,
and their migration to mucosal surfaces.

TEM of crypt of Lieberkuhn in duodenum. A variety of endocrine cells are visible
in the epithelium. Each of these cells is involved in the elaboration of a distinct
intestinal hormone. The granules are polarized in the base of the cell, where their
secretion will be released into the lamina propria. Undifferentiated crypt cells in
the intestine contain large granules near the lumen of the gland and may be in-
volved in the epithelial transport of secretory IgA. Lu, lumen; Go, Golgi complex;
m, mitochondria; R, rough ER; f, cytoplasmic filaments; Bl, basal lamina; Ec, en-
terochromaffin cell; D, type of enteroendocrine cell; L, type of enteroendocrine
cell.

Macrophotograph of intestine showing plicae circulares as transverse folds.

LM illustrating cross section of individual plica circulares. The submucosa ex-
tends up into the fold, and extensive amounts of lymphoid tissue can be seen
within both the submucosa and lamina propria. (H & E)

LM of ratileum illustrating presence of Peyer’s patches. Because of the accumula-
tion of lymphoid tissue beneath the epithelium, intestinal villi are absent in the
region of Peyer’s patches. Lacteals can also be seen within a number of villi.
(H&E)

High-magnification LM of epithelium overlying dome of Peyer’s patch. Special-
ized cells called M cells are present within this epithelium but are not easily dis-
tinguished by light microscopy. (H & E)

SEM of Peyer’s patch in ratileum. Observe the dome-shaped epithelium over the
Peyer’s patch and the presence of intestinal villi around the margin of the patch.
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High-magnification TEM of intestinal epithelium overlying a Peyer’s patch 30
minutes after introduction of horseradish peroxidase into intestinal lumen. Reac-
tion product indicating the presence of the horseradish peroxidase enzyme can
be seen (upper right) surrounding intestinal microvilli. Reaction product also fills
vesicles and tubules within the M cell but not the columnar cells seen on either
side of this cell type. Two lymphocytes in the extracellular space indent the M cell
from the left. Only the M cell in the overlying epithelium on the Peyer’s patch
appears to be involved in the transport of markers such as horseradish peroxi-
dase from the intestinal lumen into the underlying tissue. The strategic location
of this cell type within this epithelium and its association with lymphoid follicles
suggest that it may play a role in transporting antigenic material from the intesti-
nal lumen to the underlying lymphocytes within the lamina propria. M, M cell;
C, columnar cells; L, lymphocytes; G, Golgi.

SEM of ileocecal junction. Intestinal villi can be seen (left) protruding into the in-
testinal lumen. Running diagonally across this frame is the junction between ileal
epithelium and colonic epithelium which consists of a flattened surface without
any evaginations.

LM of appendix in cross section. Observe the detritus within the lumen and the
presence of lymphoid follicles within the lamina propria and submucosa. (H & E)

Higher-magnification LM of mucosa within appendix. Intestinal villi are absent;
however, crypts of Lieberkuhn can be seen projecting into the underlying con-
nective tissue, the lamina propria. Lymphatic nodules are present within both
the lamina propria and the submucosa. (H & E)

Low-magnification LM of large intestine. Notice the lack of villar projections
within the mucosal surface, the relatively thick submucosa, and the thickened
muscularis seen in the outer wall. (H & E)

LM of mucosa and submucosal layers of large intestine. The mucosa consists of
tightly packed crypts of Lieberkuhn abutting on the muscularis mucosa. Within
the submucosa, large dilated veins characteristic of this region of the intestine can
be seen. A portion of the muscularis layer is visible at the bottom of the frame.
(H&E)

LM of colonic mucosa. Observe the large number of goblet cells present within
the crypts of Lieberkuhn. Numerous lymphocytes are present within the lamina
propria, the muscularis mucosa, and the submucosa. (H & E)

Higher-magnification LM of colonic epithelium. Owing to the large number of
lymphocytes and leukocytes present within the lamina propria and also within
the epithelium, the gastrointestinal tract is considered to be a site of chronic in-
flammation. (H & E)
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E8 TEM of colonic mucosa illustrating structure of goblet cells within surface epithe-
lium. Large mucin droplets can be seen within these cells, and one of the cells is
discharging mucus into the intestinal lumen.

E9 SEM of surface of colonic mucosa. Note the openings of the crypts of Lieberkuhn
onto the surface, and the presence of a mucus discharge (center). The lateral mar-
gins of the surface epithelial cells are easily distinguished, as are the openings of
several goblet cells within the mucosa.

F1 Diagram of conducting and respiratory portions of respiratory tract. Shownatin-
creasing magnifications are the respiratory portion of the lung, two alveoli, and
details of the blood-air barrier.

F2 Macrophotograph of epiglottis showing both esophageal and laryngeal surfaces.
Observe the dark-staining cartilage and the presence of lymphoid follicles.
(H&E)

F3 LMof epithelial junction between stratified squamous epithelium on esophagus
and pseudostratified columnar epithelium characteristic of respiratory tract. An
oblique section of a taste bud is also seen. (H & E)

F4  Endoscopic views of vocal cords within larynx. By changes in the position of the
laryngeal cartilages, the rima glottidis, or opening, between the vocal cords can
be opened or closed. The left photo illustrates the vocal cords at rest, i.e., when
we breathe but do not speak. They are then relaxed, and the rima glottidis is wide
open. The right photo shows the vocal cords, which appear white, stretched in
the glottis, now closed. During speech, the stretched vocal cords form a narrow
opening through which air is forced. The pitch of the sound emitted corresponds
to the degree of vibration of the vocal cords.

F5 Macrophotograph of laryngeal epithelium showing both false and true vocal
cords. Between the false vocal cords, or vestibular folds, and the true vocal cords
the opening of the laryngeal sacule can be seen. Large numbers of seromucous
glands are present within the vestibular fold; within the vocal cord one can see
the fibroelastic connective tissue underlying the epithelium. The vocalis muscle,
part of the thyroarytenoid, is deep to the fibroelastic connective tissue. (H & E)

F6 LM of vestibular fold and true vocal cord. Observe the presence of glands within
the former, and fibroelastic connective tissue within the latter. Note also that
each fold is covered by a distinct type of epithelium. (H & E)
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G2
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Macrophotographs of mucosal surface of trachea (left) and of trachea viewed at
origin of the two bronchi (right). The trachea is a tube, approximately four inches
long and a little less than an inch in diameter, whose lumen is maintained in a
patent configuraton by the presence of some 16 to 20 incomplete cartilaginous
rings. In this field of view at least five of these cartilages can be seen. Extending
into the lungs, the primary bronchi (right) are approximately one cm wide and
branch to form the bronchial tree, the smallest subdivisions of which are the res-
piratory bronchioles. Like the trachea, the primary bronchi are kept open by car-
tilaginous rings, and the branch point is strengthened by a larger, specially
formed cartilaginous ring.

Macrophotograph of larynx and esophagus. Observe the presence of cartilage
within the tracheal wall and the incomplete nature of the ring seen at lower right.
The esophagus lies more posteriorally, and in this field of view is characterized
by a star-shaped lumen. (H & E)

LM of tracheal wall. Observe the pseudostratified columnar epithelium charac-
teristic of the respiratory tract, underlying fibroelastic tissue, small seromucous
glands, and a portion of the cartilaginous ring.

SEM of fracture of tracheal wall. Compare with F9, observing the location of the
pseudostratified columnar epithelium, underlying fibroelastic tissue, and a por-
tion of the cartilaginous ring.

High-magnification LM of pseudostratified columnar epithelium of trachea. A
variety of cell types can be found within the tracheal epithelium, including mu-
cous cells, ciliated cells, basal cells involved in the mitotic renewal of this epithe-
lium, endocrine cells containing secretory granules polarized toward the lamina
propria, and nonciliated cells containing an extensive microvillous border. The
basement membrane of the epithelium is easily seen and separates the epithe-
lium from the underlying lamina propria, which consists of a loose connective
tissue with interwoven collagenous and elastic fibers. (H & E)

SEM of trachial epithelium. Dome-shaped cells indicate the sites of secretory ac-
tivity. Note the appearance of cilia and microvilli in surrounding cells and the
presence of capillaries within the lamina propria.

TEM of tracheal epithelium. Examples of ciliated cells, basal cells, endocrine
cells, and cells possessing a microvillous border can be distinguished. Inset LM
(lower right) illustrates staining for hormones within the endocrine cell, which is
outlined in black in the center of the field. Lu, lumen; Ci, ciliated cells; Ba, basal
cell; K, endocrine cell; Go, goblet cell.



RESPIRATORY TRACT FICHE 11 « FRAMES G5-G9

G5 Higher-magnification SEM of tracheal epithelial surface. Observe the presence of
ciliated cells and cells possessing microvilli. The presence of craterlike structures
in the surface of some of the cells suggests possible secretory activity. A higher
density of microvilli is seen near the lateral margin of cells, thus outlining their
borders.

G6 LMof cartilaginous bronchiole in lung. Small portions of hyaline cartilage can be
seen beneath the mucosal surface. Substantial amounts of lymphoid tissue are
also present. (H & E)

G7 LM of muscularbronchiolein lung. The smooth muscle encircling the epithelium
of the bronchiole plays an important role in regulating the diameter of the bron-
chiole. (H & E)

G8 TEM of bronchiolar epithelium showing protrusion of Clara cellinto lumen. Note
the ciliated cell (left).

G9 LM of bronchiolar epithelium illustrating presence of clusters of macrophages on
luminal surface of epithelium. (colloidal iron and Ponceau counterstain)
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Diagram of respiratory subdivisions in lung. Respiratory bronchiole, alveolar
duct, alveolar sac, and alveoli can be seen.

LM of respiratory bronchiole in lung. Observe the changes in the epithelium in
the transition from terminal bronchiole to respiratory bronchiole shown in this
frame. Note the openings of the alveoli. (H & E)

Low-magnification LM of lung. Compare with A1l and find examples of respira-
tory bronchiole, alveolar duct, atrium, alveolar sac, and alveoli. (H & E)

SEM of terminal and respiratory bronchioles within rat lung. The respiratory
bronchiole can be recognized by the openings of alveoli.

SEM of atrium and alveolar sac within rat lung.

LM of two adjacent alveoli in lung. Locate capillaries. What are the epithelial
components of the alveolar wall? (H & E)

SEM of an alveolus in rat lung. Capillary loops can be seen in relief beneath the
epithelium lining the alveolar surface. Examples of alveolar pores are also visible.

High-magnification LM of alveolar wall in lung. Type Il alveolar cells can be seen
(far left and upper right) as well as a macrophage attached to the luminal surface
of type I epithelial cells (lower left). The morphology of endothelial cells and type
I cells is difficult to distinguish by LM even at this high magnification. (H & E)

TEM of interalveolar wall. Note the thickness of alveolar wall and the route gas
molecules must transverse to move from red blood cell to alveolar space and vice
versa. A, alveolar space; BM, basement membrane; C, capillary lumen; EP, type
I epithelial cell; EP, type Il epithelial cell; and FB, fibroblast.

Diagram of secretory processes of the great alveolar, or type II, epithelial cell in
lung.

TEM of alveolar wall. It is composed of epithelium, capillaries, and connective
tissue elements. The alveolar epithelium consists of two types of cells: the
squamous alveolar epithelial cell, or type I cell, extends thin cytoplasmic pro-
cesses over the capillary wall, and the great alveolar epithelial cell, or type Il cell,
is characterized by the presence of lamellar bodies containing surfactant. In
many locations the basement membrane of the epithelial cells fuses into one layer
with the respective basement membrane of the capillaries. Gaseous exchange be-
tween the blood and the air is believed to occur through the attenuated cytoplasm
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of the squamous alveolar epithelial cell, or typeIcell, the fused alveolar basement
membrane, and the attenuated cytoplasm of the capillary endothelial cell. Alu,
alveolar Jumen; Am, fused basement membranes of epithelial and endothelial
cells; Ed, endothelial cell; F, fibrocyte; R, erythrocyte; Cap, capillary; Sc,
squamous alveolar epithelial cell; Gc, great alveolar, or type I, epithelial cell; Lb,
lamellar bodies; Cf, collagenous fibers; Ef, elastic fibers.

TEM of great alveolar, or type II, epithelial cell in rat lung. The type I cell is larger
than adjacent type I cells and contains large numbers of lamellar bodies, which
are thought to contain surfactant. AL, alveolar lumen; Mv, microvilli; MVB, mul-
tivesicular body; LB, lamellar body; CL, capillary lumen; BL, fused basement
membranes of the endothelial cell and type II cell; M, mitochondria.

LM of lung showing alveolar pore (top center). Compare with A3 and B5. (H & E)

SEM of alveolus in rat lung. Examination of the epithelial surface of this alveolus
reveals the presence of capillary loops beneath the epithelium and of alveolar
pores.

TEM of alveolar pore showing leukocytes passing from one alveolar space into
adjacent alveolar space.

Diagram of pulmonary macrophage functions.

TEM of alveolar macrophage washed from lungs of a normal, nonsmoking
subject.

TEM of alveolar macrophage from lungs of a normal, tobacco-smoking subject.
Note the large number of residual bodies with myelin figures.

Diagram of hemisection of kidney, revealing renal pelvis and arterial supply to
renal cortex and medulla.

Schematic cutaway of renal pyramid and overlying renal cortex, showing interre-
lationships between medullary rays and the arterial blood supply to cortex and
medulla.

Macrophotograph of monkey kidney. Observe the medulla and cortical relation-
ships. Medullary rays are easily seen, as well as arcuate vessels passing between
medulla and cortex. Renal vessels and the ureter are also visible (far left). (H & E)
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LM of corticomedullary junction. Several renal corpuscles and a medullary ray
can be seen within the cortex. Portions of collecting tubules and vasa recta are
present within the medulla. (H & E)

LM of kidney cortex showing interlobular artery, renal corpuscle surrounded by
convoluted tubules, and medullary ray. (H & E)

SEM of vascular cast of rat kidney. The interlobular artery is easily seen, and its
branches, which are the afferent arterioles, supply numerous glomeruli with
blood.

Diagram of renal corpuscle and juxtaglomerular apparatus within nephron.

LM illustrating both vascular and urinary poles of renal corpuscle. Examine the
parietal and visceral layer of Bowman’s capsule; the latter surrounds the capillary
tufts. (H & E)

TEM of renal corpuscle at low magnification. Compare with C7, locating the pari-
etal and visceral layers of Bowman's capsule, endothelial cells, and red blood
cells.

LM of renal corpuscle in kidney. Find examples of the visceral epithelium (or
podocytes), endothelial cells, basement membrane, red blood cells, and parietal
layer of Bowman'’s capsule. (H & E)

TEM of renal corpuscle showing both parietal and visceral epithelial layers. Con-
trast the morphology of these two epithelial cell types. Note also the thickness of
the glomerular filtration barrier. Several red blood cells and a platelet can be seen
within the capillary lumen.

SEM of glomerulus in which several capillaries have been fractured, thus reveal-
ing their internal surface. The processes of podocytes can be seen covering the
capillary loops, whereas the fractured surface shows the fenestrations within the
endothelial cells.

TEM of glomerular capillary and surrounding visceral epithelial cell, or podo-
cyte. Unlike other fenestrated capillaries, the fenestrae within the glomerular
capillaries lack diaphragms. The basal lamina of the endothelial cell and podo-
cyte appear to be fused in this frame. The adjacent foot processes of the podocyte
abut the basal lamina and are interconnected by slit diaphragms such as those
seen at the arrow. US, urinary space; Ep, epithelial cell, or podocyte; fp, foot pro-
cess; B, fused basal laminae of the endothelial cell and podocyte; f, fenestrae; En,
endothelial cell; Cap, capillary lumen; RBC, red blood cell.
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SEM of internal surface of glomerular capillary. Compare the morphology by
SEM to that seen by TEM in D4. Note the appearance of the fenestrae within the
endothelial cell and the foot processes of the podocyte.

High-magnification SEM of glomerular capillary. Again, note the presence of the
fenestrae, the location of the basement membrane (indicated by the letter B), and
the foot processes of the podocyte.

SEM of glomerular capillary loops in kidney. The podocyte extends both primary
and secondary rami which envelop as foot processes the surfaces of the capillary
loops.

High-magnification TEM of glomerular filtration barrier. A red blood cell can be
seen within the capillary lumen. The basement membrane consists of at least
threelayers: (1) a clear zone, outside the endothelial cell, referred to as the lamina
rara interna; (2) the fused basal laminae of both the endothelial cell and the podo-
cyte, called the lamina densa; and (3) another clear area adjacent to the podocyte
known as the lamina rara externa. The slit diaphragms which attach one foot pro-
cess to the adjacent process are easily seen at this magnification. Pe, podocyte
foot process; BM, fused basal lamina of the endothelial cell and podocyte; RBC,
red blood cell.

TEM of portion of rat glomerulus showing localization of laminin within
glomerular basement membrane. The electron-dense reaction product, illustrat-
ing the localization of laminin, is present throughout the full thickness of the
glomerular basement membrane and mesangial matrix. Red blood cells within
the capillary lumen stain intensely because of the pseudoperoxidatic activity of
hemoglobin. GBM, glomerular basement membrane; Ep, epithelial cell, or podo-
cyte; En, endothelial cell; Me, mesangial cell; MM, mesangial matrix; RBC, red
blood cell.

High-magnification TEM of glomerular filtration barrier. Compare the morphol-
ogy of this frame with that seen in D8. Reaction product representing the localiza-
tion of laminin is present within the lamina rara interna (Lri), the lamina densa
(Ld), and the lamina rara externa (Lre) of the glomerular basement membrane.
Reaction product for laminin is absent immediately beneath the epithelial slit di-
aphragms seen at the arrowheads. CL, capillary lumen; En, endothelium; Ep, ep-
ithelium, or podocyte; US, urinary space.

TEM of glomerular filtration barrier in rat glomerulus. The electron-dense
marker, cationized ferritin, has been used to localize heparan sulfate proteogly-
can within the glomerular filtration barrier. The heparan sulfate proteoglycan
can be seen within the lamina rara interna (LRI) and the lamina rara externa (LRE)
(see arrows). US, urinary space; Ep, epithelial cell or podocyte; fp, foot process;
LD, lamina densa; En, endothelial cell; Cap, capillary lumen.
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E6
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ES8

E9

F1

F2

F3

Diagram illustrating biochemical nature of glomerular filtration barrier. The ep-
ithelial cell, or podocyte, foot processes are seen at the top. The dense line at their
outer surface represents the high density of sialic acid groupings in the mem-
brane. A similar but somewhat less intense staining is also seen on the surface of
the endothelial cells. Small black triangles representing heparan sulfate proteo-
glycan are shown within the lamina rara interna and the lamina rara externa.
Laminin is present throughout the glomerular filtration barrier. Other compo-
nents of the glomerular filtration barrier include fibronectin and type IV collagen
within the lamina densa. Hyaluronic acid has been detected within the barrier as
well. These agents play a key role in the function of the glomerular filtration bar-
rier, since removal of the heparan sulfate proteoglycan, hyaluronic acid, or
laminin can interfere with the morphology of the barrier and thus compromise
the function of the barrier.

Diagram of nephron depicting relationships of proximal tubule, loop of Henle,
and distal tubule to renal corpuscle and collecting duct.

LM of renal corpuscle illustrating vascular pole and opening of urinary pole into
proximal convoluted tubule. (H & E)

High-magnification LM of kidney cortex showing examples of proximal convo-
luted tubules in cross section and a portion of proximal straight tubule. (H & E)

TEM of proximal convoluted tubule in kidney.

High-magnification TEM of proximal convoluted tubule cell. Observe the exten-
sive brush border, the large number of mitochondria, lysosomal bodies, and the
extensive infolding of the lateral and basal membranes of the cell.

SEM of proximal convoluted tubule cell in rat kidney. Note the extensive inter-
digitating folds of the lateral surface and basal surface of this cell.

LM of medullary ray, with examples of collecting duct, proximal straight tubules,
and ascending thick segment of loop of Henle. (H & E)

TEM of proximal straight tubule at junction with thin segment, or descending
limb, of loop of Henle. C, capillary; DH, descending limb of Henle; and DT, dis-
tant tubule.

LM of medulla in kidney. A collecting duct, loop of Henle, capillaries, and as-
cending thick limb of the loop of Henle are easily seen. Also note the presence of
interstitial cells within the connective tissue between adjacent tubules and capil-
laries. (H & E)
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TEM of loop of Henle showing transition between descending thin limb and as-
cending thin limb of loop of Henle. Interstitial cells lie between the two loops.
CAP, capillary; INT, interstitum; DTL-1, descending thin limb; ATL, ascending
thin limb.

Diagram of countercurrent multiplier mechanism illustrating osmolarity and for-
mation of urine within nephron.

LM depicting immunocytochemical localization of ATPase within ascending
thick limb of loop of Henle.

TEM of ascending thick limb of loop of Henle in rat kidney.

LM illustrating entrance of afferent arteriole into vascular pole of renal corpuscle
in kidney. Note the macula densa (top). (H & E)

LM illustrating immunocytochemical localization of renin within afferent arteri-
ole entering vascular pole of renal corpuscle. Compare with 8.

LM showing vascular pole of renal corpuscle and adjacent macula densa. (H & E)

TEM of macula densa and adjacent JG cells associated with another afferent arte-
riole. The lumen of the distal tubule (macula densa)is at left. Em, extraglomerular
mesangium; Ga, Golgi apparatus; GC, granule complex; and MD, macula densa.

TEM of smooth muscle cells of afferent arteriole in juxtaglomerular apparatus. A
portion of cells in the macula densa are visible (top). Large, irregular, and dense
granules are present within the modified smooth muscle cells involved in the se-
cretion of renin. Gr, granules.

LM illustrating several proximal convoluted tubules as well as distal convoluted
tubule (right). Notice the difference in the height of the epithelium and the pres-
ence of a microvillous border. (H & E)

TEM of distal convoluted tubule. Observe the lack of a well-developed microvil-
lous border and the presence of numerous mitochondria within folds in the basal
cytoplasm.

LM of collecting duct in medullary ray of kidney cortex. Observe the cell height
and the diameter of the tubule lumen. (H & E)
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URINARY SYSTEM

G7 TEMof collecting duct in kidney. Note the absence of a well-developed microvil-
lous border and the paucity of mitochondria, as compared with characteristics of
distal tubule, ascending thick limb of the loop of Henle, or the proximal tubule.

G8

G9

TEM of interstitial cells within kidney medulla. Observe a portion of a capillary
(lower left) and part of a collecting duct (upper right). The interstitial cells are an
important part of kidney function since they are involved in the production of
prostaglandins. CD, collecting duct; IS, interstitial space; and LD, lipid droplet;
arrow, cytoplasmic process of interstitial cell.

SEM of renal papilla in kidney. The large collecting ducts that open onto the sur-
face, or tip, of the papilla are called the ducts of Bellini. The surface of the papilla,
pierced by many of these ducts, is referred to as the area cribrosa.
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Al M showing wall of ureter. Transitional epithelium lines the slitlike, star-shaped
lumen and overlies a thin lamina propria. The muscularis layer of the ureter con-
sists of smooth muscle arranged in alternating longitudinal, circular, and longi-
tudinal arrays. (H & E)

A2 Higher-magnification LM of ureter. It shows transitional epithelium, delicate
connective tissue within the lamina propria, and alternating layers of smooth
muscle in the muscularis. (H & E)

A3 Low-magnification LM of urinary bladder. Large bundles of smooth muscle are
found within the thick wall of the bladder. These are usually arranged at oblique
angles to one another, in sharp contrast to the well-organized circular and longi-
tudinal arrays found within the gastrointestinal tract. (H & E)

A4 Higher-magnification LM of transitional epithelium lining urinary bladder. This
tissue was fixed in the relaxed state, so that the large umbrella cells adjacent to the
lumen can be seen overlying basal cells within the epithelium. (H & E)

A5 SEM of bladder showing luminal surface of umbrella cells.

A6 TEM of urinary bladder illustrating superficial layers of epithelial cells (umbrella
cells). A portion of the lumen (marked L) is visible (upper right). Large numbers
of discoid vesicles are present within the apical cytoplasm of the cell (see arrows).
N, nucleus; M, mitochondria.

A7 High-magnification TEM of apical cytoplasm of umbrella cell, or superficial ep-
ithelial cell, in urinary bladder. Many disk-shaped vesicles are present within the
apical cytoplasm and represent a form of membrane storage. Upon stimulation,
these vesicles will fuse with the plasma membrane and thereby increase the sur-
face area of the umbrella cell. dv, disk-shaped vesicles; M, mitochondria.
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TEM of urinary bladder showing apical surfaces of umbrella cells when
stretched. Note the irregular surface of the cell created by the fusion of the disk-
shaped vesicles with the apical cytoplasm. L, lysosomes; M, mitochondria; N,
nucleus.

SEM of luminal surface of umbrella cells in urinary bladder. Observe that the sur-
face of the stretched epithelial cells now appears pockmarked as a result of the
fusion of disk-shaped vesicles with the surface plasmalemma.

Diagram of female reproductive tract.

LM of ovarian cortex showing capsule, primordial follicles, several large sec-
ondary follicles, and stroma densely populated by spindle-shaped cells, a charac-
teristic of the female reproductive tract.

Macrophotograph of infundibulum, fallopian tube, ovary, and (at far right) body
of uterus.

LM of ovary. It shows many examples of primordial follicles and the transitional
stage between primordial and primary follicle in which the formation of multiple
layers of follicular cells has begun and a well-developed zona pellucida is
present. (H & E)

TEM of primordial follicle. The oocyte is surrounded by a single layer of closely
apposed, flattened follicular cells. A basal lamina surrounds the primordial folli-
cle and delineates it from the adjacent stroma of connective tissue located in the
ovarian cortex. St, stroma; Bl, basal lamina; M, mitochondria; N, nucleus; G,
Golgi, Oo, oocyte; n, nuclearlike body.

TEM of developing primary follicle. Observe the zona pellucida between the
oocyte surface and the surrounding follicular cells. Numerous follicular projec-
tions are evident within the zona pellucida, and some of these make junctional
contacts with microvilli or the plasmalemma of the oocyte. The basal lamina sub-
tends the follicular cells and separates them from the ovarian stroma. Concentric
layers of cells within the stroma are beginning to from the theca. Ti, theca interna;
Bl, basal lamina; Fc, follicular cells; Zp, zona pellucida; Oo, oocyte; N, nucleus;
nu, nucleolus.

LM of developing secondary follicle. Follicular cells now consist of multiple lay-
ers, and formation of an antrum has begun (on left). The stromal cells are now
well organized into a theca interna and theca externa. (H & E)
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C2

C3

SEM of developing secondary follicle similar to that seen in B7. Observe the
antrum, and the basal lamina which separates the follicular cells from the under-
lying stroma.

Higher-magnification LM of secondary follicle seen in B7. Note the vascularity of
the theca interna. The oocyte (lower right) is surrounded by a well-developed
zona pellucida and adjacent granulosa cells. (H & E)

High-magnification LM of oocyte in secondary follicle. The oocyte is surrounded
by cumulus cells, which blend into the cumulus oophorus (left). A well-devel-
oped zona pellucida is present, and the nucleus and nucleolus are evident.

(H&E)

TEM of granulosa cells in cumulus-oocyte complex in large nonpreovulatory fol-
licle from a rat. The innermost granulosa cells in the cumulus layer (corona radi-
ata) send processes through the zona pellucida (ZP) to form contacts (gap
junctions) with the plasma membrane of the oocyte (small arrows). Adjacent
granulosa cells are also joined by gap junctions (large arrows).

Dye coupling in three nonpreovulatory cumulus-oocyte complexes. In the top
series of micrographs (A-D), the cumulus-oocyte complex was photographed
with phase optics (A) and the dye fluorescein was injected. The dye rapidly
spreads into adjacent granulosa cells after two minutes (Frame B), after nine min-
utes (C), and into more distant cells after 16 minutes (D). A second cumulus-
oocyte complex is shown with phase optics (E), and dye transfer from the oocyte
to the granulosa cells is shown after five minutes (F), 14 minutes (G), and 25 min-
utes (H). The cumulus-oocyte complex was photographed with phase opticsin]I,
and then the oocyte was injected with fluorescein and subsequently pho-
tographed after 16 minutes (J), 48 minutes (K), and 51 minutes (L).

C4-C7 Series of four movie frames illustrating stages in ovulation. Shown in C4 is

C8

the initial rupture of the follicle. Illustrated in C5 is the expression of the liquor
folliculi from within the antrum. In C6 the cumulus cells are being expressed
from the follicle, and the egg can be seen as a small white ball just beyond the
opening of the ruptured follicle. In C7 the entire cumulus mass has been ex-
pressed from the follicle. It is about to be picked up by the fimbriae of the in-
fundibulum as they sweep over the surface of the ovary.

Macrophotograph of section of ovary showing two large corpora lutea. One (on
the right) can be considered a corpus hemorrhagicum since portions of the red
cell clot can be seen within the lumen. The corpus luteum (on the left) is from a
previous month’s ovulation; it is undergoing regression and does not contain vi-
able cells. (H & E)
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LM of corpus luteum. Large corpus luteal cells are visible (middle and right).
Large vessels in the stroma surrounding the corpus luteum are sending small
branches, accompanied by theca luteal cells, into the previously avascular corpus
luteum. (H & E)

Higher-magnification LM of corpus luteum showing theca luteal cells and large
granulosa luteal cells. (H & E)

TEM of granulosa luteal cell. These cells contain numerous mitochondria with
tubular cristae and an abundant, smooth endoplasmic reticulum used in the pro-
duction of steroid hormones. Small portions of rough endoplasmic reticulum are
visible (lower right).

LM of regressing corpus luteum. The ovarian stroma can be seen (right), and the
luteal wall now consists of infiltrating mononuclear cells involved in the phago-
cytosis of degraded luteal cells. (H & E)

TEM of regressing corpus luteum. Macrophages can be distinguished readily, by
their numerous dense bodies, from luteal cells. Note that macrophages appear to
be particularly abundant along the edge of the corpus luteum, a finding consis-
tent with the symmetrical centripetal shrinkage that occurs as this structure invo-
lutes. Aging luteal cells contain numerous lipid droplets, many of which have
been extracted by the solvents used during processing of the tissue for
microscopy.

TEM of regressing corpus luteum at higher magnification. Observe the large
dense bodies and inclusions (right), which are remnants of degenerating luteal
cells present within the cytoplasmic matrix of a macrophage. Aging luteal cells
containing dense bodies are seen surrounding the macrophage.

LM of corpus albicans in ovary. At the end of luteal lysis all that remains of the
corpus luteum is the small scar consisting of collagen fibers, macrophages, a few
fibroblasts, and occasionally some cells that bear a superficial resemblance to
luteal cells. (H & E)

Diagram of ovarian and uterine cycles. It shows the cyclic changes that occur in
the ovary and in the uterine epithelium.

Macrophotographs of ovaries. In the ovary from a three-year- old girl (left), note
the fallopian tube and its flowerlike, funnel-shaped infundibular end. In the
ovary from a 14-year-old girl (right), the uterine tube is somewhat longer, and the
infundibulum is ready to move toward a follicle that is ready to rupture, to pick
up the oocyte. Notice the scarred surface of the ovary, indicating previous
ovulation.
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Macrophotograph showing relationship of oocyte to infundibulum after ovula-
tion. During ovulation the fimbria forming the fringe around the end of the in-
fundibulum fill with blood and are activated for picking up the oocyte.
Movement or transport of the oocyte on the fimbria is dependent upon the pres-
ence of an intact cumulus layer around the oocyte.

Macrophotograph of infundibular region during ovulation. It shows an oocyte
and cumulus cells (stained blue) during transport toward the ostium of the uter-
ine tube. The loss or lack of cumulus cells surrounding the oocyte at this particu-
lar time will prevent the oocyte from moving into the uterine tube.

Macrophotograph of uterine tube revealing presence of stained oocyte in cumu-
lus cells within lumen. Note the contraction band (upper left) illustrating the
peristaltic movement of the tube involved in transport of the egg to the site of
fertilization.

LM of wall of uterine tube. Mucosal folds project into the lumen, which contains
red blood cells as a result of hemorrhage at the time of surgery. (H & E)

Higher-magnification LM of uterine tube. The epithelial lining of the uterine tube
consists of simple columnar ciliated cells. (H & E)

TEM of uterine tube showing ciliated cells within epithelial wall.

SEM of surface of uterine tube epithelium illustrating paucity of ciliated cells dur-
ing early follicular stage of ovarian cycle.

SEM of surface of uterine tube epithelium displaying abundance of ciliated cells
at mid-cycle.

High-magnification SEM of uterine tube epithelium showing presence of sper-
matozoa on epithelial surface. Compare the structure of microvilli, cilia, and flag-
ella. Fl, flagellum; MP, midpiece.

SEM of oocyte and attached spermatozoon. In mammals, the spermatozoon
fuses by its lateral surface with microvilli on the surface of the egg. See F1.

SEM of the same spermatozoon on surface of oocyte as shown in E9. Note that the
process of fusion of the spermatozoon membrane has already begun and that the
lateral surface of the spermatozoon head has fused with the surface of the egg
plasmalemma.
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LM of uterine endometrium during menstrual phase of uterine cycle. The uterine
surface is still partially denuded of epithelium. Note the straight glands extend-
ing through the endometrium. (H & E)

SEM of surface of uterus during menstrual phase of uterine cycle. In the low-
magnification SEM of the uterine surface (left), several openings of tubular uter-
ine glands can be seen. At higher magnification (right) an individual gland shows
the epithelium as it migrates from the gland and recovers the surface of the
uterus.

LM of uterine endometrium during proliferative phase of uterine cycle. Observe
the increased thickness of the endometrium and the coiling of the glands. The
basalis region of the endometrium can be distinguished (far left). (H & E)

SEM of uterine surface during proliferative phase of uterine cycle. Reepithelial-
ization of the surface has been completed, and small numbers of ciliated cells are
now beginning to appear. Several gland openings are seen in the low-magnifica-
tion SEM (left); single gland opening is shown at higher magnification (right).

LM of uterine endometrium during secretory phase of uterine cycle. Note the
edematous accumulation of fluid within the endometrium and the high degree of
coiling of uterine glands. Anincreased cellularity can also be seen within the lam-
ina propria of the endometrium. (H & E)

SEM of surface of uterine epithelium during secretory phase of uterine cycle.
Signs of secretory activity can be seen (left) in a mucuslike discharge occurring
within the openings of the uterine glands. At high magnification (right), large
numbers of ciliated cells are present.

LM of endometrium showing opening of a single uterine gland. The uterine sur-
face is lined by a simple columnar ciliated epithelium. In the secretory phase of
the uterine cycle, larger numbers of mononuclear cells infiltrate the lamina pro-
pria beneath the epithelium. (H & E)

TEM of uterine epithelium including several nonciliated uterine epithelial cells.
Note the simple columnar arrangement of the epithelium. Deposits of glycogen
can be seen at large arrow, mitochondria at small arrow.

Low-magnification LM of vagina. Unlike the GI tract, the vagina does not show
any muscularis mucosa, nor are mucous glands present within the submucosa.
Many smooth muscle bundles are present; however, there is no apparent organi-
zation into well-defined layers. (H & E)
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Higher-magnification LM of vaginal epithelium, which consists of stratified
squamous, nonkeratinized cells. A lymphocytic infiltration can be seen in the
lamina propria immediately beneath the epithelium. The underlying connective
tissue is of a loose fibroelastic nature. (H & E)

LM of mammary gland. The secretory acini are of variable size and contain a het-
erogeneous mottled secretory product in the lumen. Large ducts surrounded by
connective tissue are also present. (H & E)

Higher-magnification LM of secretory acini in mammary gland. Observe the ir-
regular appearance of the secretory product within the lumen and the branching
of the acini and ducts. (H & E)

TEM of epithelium lining an alveolus in lactating mammary gland. Two large
lipid droplets are present within the apical cytoplasm of the cells. Eventually the
lipid droplets will be released into the lumen, where casein protein droplets are
evident. At the base of the epithelium, a myoepithelial cell process can be seen,
and in the lamina propria a continuous capillary containing an erythrocyte is
present. C, casein; LD, lipid droplets; MV, myoepithelial cell process; RBC, red
blood cell.
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Al

A2

A3

A4

A5

A6

A7

A8

A9

B1

Diagram illustrating organization of testis, accessory male reproductive organs,
and penis.

Macrophotograph of testis showing excision of tunica albuginea and underlying
seminiferous tubules.

LM of tunica albuginea and overlying epithelium in testis. Observe the thick col-
lagenous nature of this capsulelike stroma. (H & E)

Macrophotograph showing nature of seminiferous tubules. The tunica al-
buginea has been removed. Compare with A2.

SEM of seminiferous tubules as revealed by fracture of testis. Small amounts of
connective tissue can be seen around the periphery of each tubule. Within the
tubule are examples of various stages of spermiogenesis.

LM of seminiferous tubules in testis. Each seminiferous tubule is surrounded by
a layer of myoid cells. The epithelium consists of Sertoli cells and germinative
cells in various stages of development. Between the tubules can be seen blood
vessels, lymphatics, and clusters of Leydig cells (which are acidophilic). (H & E)

LM of seminiferous tubules after intravascular injection of horseradish peroxi-
dase. The dense reaction product for the peroxidase enzyme is present within the
interstitial tissue and surrounds the seminiferous tubules. No peroxidase can be
found within the lumen of the seminiferous tubules, suggesting the presence of
a blood testis barrier.

Higher-magnification LM of seminiferous tubule epithelium. Myoid cells sur-
round the seminiferous epithelium. Spermatogonia are seen at the periphery of
the epithelium, whereas the Sertoli cell nuclei appear vesicular, contain a promi-
nent nucleolus, and are removed from the basement membrane by one or two
nuclei of spermatogonia. Above the Sertoli cell nuclei are spermatocytes in vari-
ous stages of spermatogenesis. Spermatids border the lumen. (H & E)

Blank

High-magnification LM of epithelium of seminiferous tubule. Note the myoid
cell layer at the base of the epithelium, the spermatogonia, Sertoli cells, various
stages of developing spermatocytes, and spermatids embedded within the apical
cytoplasm of Sertoli cells. (H & E) ‘
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B2

B3

B4

B5

B6

B7

B8

B9

C1

Diagram of various stages in spermatogenesis and spermiogenesis. Observe the
division of chromosomes during meiosis (left).

LM demonstrating immunocytochemical localization of the enzyme aldose re-
ductase within cytoplasm of Sertoli cells. Observe the tall, columnar nature of the
Sertoli cell (in left tubule) as it extends from the basement membrane to the lu-
men. The spermatids (in tubules at lower right) are embedded within the posi-
tive-staining cytoplasm of the Sertoli cell.

TEM of Sertoli cell showing relationships of developing spermatids to Sertoli cell
cytoplasm and late-developing spermatids embedded in apical surface.

TEM of basal portion of Sertoli cell from a primate. Large numbers of filaments
(indicated by arrowheads) surround the nucleus. Also present within the cyto-
plasm are large amounts of smooth, or agranular, endoplasmic reticulum and
lipid droplets.

LM of isolated Sertoli cell. Note its luminal surface (left) and developing sper-
matids embedded in its apical cytoplasm.

LM of cross and longitudinal sections of seminiferous tubule (left) and diagrams
of the six stages in spermatogenesis seen in the human (right). These six stages of
development are not arranged sequentially within a single tubule but are inter-
spersed as patches of development as shown in the cross and longitudinal
sections.

Fluorescent LM of seminiferous tubule stained with acridine orange. Note the
variation in staining of nuclear chromatin during the stages of spermatogenesis.
Myoid cells, spermatogonia, primary and secondary spermatocytes, as well as
spermatids can be seen.

TEM of spermatogonia in seminiferous tubule after intravenous injection of
horseradish peroxidase. Reaction product for the peroxidase enzyme has pene-
trated between the cells and completely surrounds the spermatogonia. The sper-
matogonium is found within the basal compartment, whereas more mature
spermatocytes and spermatids lie within the adluminal compartment.

TEM of spermatogonium in seminiferous tubule from a primate. The outline of
the cellis defined by the electron-dense tracer lanthanum nitrate. The presence of
junctional complexes between adjacent Sertoli cells (shown by arrowheads)
above the spermatogonium prevents the electron-opaque tracer from penetrat-
ing deeper into the seminiferous epithelium. Thus, circulating plasma proteins
are excluded from the luminal or adluminal compartment of the seminiferous
tubule, and it is likely that the Sertoli-Sertoli junctional complexes are the mor-
phological site of this barrier.
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C2

C3

C4

C5

Cé6

C7

C8

C9

D1

TEM of spermatogonia in seminiferous epithelium. Note the presence of cellular
bridges between spermatogonia that have recently divided.

TEM of developing spermatids within seminiferous epithelium. Note the accu-
mulation of electron-dense material within the acrosomal cap in the spermatids
and the presence of intercellular bridges.

Diagram of various stages in spermiogenesis in the human.

TEM of spermatids in primate testis showing changes in nuclear condensation
and acrosome formation. A cap phase spermatid is illustrated (left), with arrow-
heads indicating the acrosomal cap. A spermatid in the acrosomal phase is ob-
served (center); note the intimate association of smooth endoplasmic reticulum
(arrowheads) with the spermatid tail. Also shown is a spermatid in the matura-
tion phase (right). Compare the condensation of nuclear chromatin in all three
stages, as well as the shape of the acrosome. All these stages occur while these
spermatids reside within deep invaginations of the Sertoli cell surface. G, acroso-
mal granule; SER, smooth endoplasmic reticulum.

High-magnification TEM of developing spermatids embedded in invaginations
of Sertoli cell. Note the stalk connecting the residual cytoplasm to the developing
spermatid. Eventually the residual cytoplasm will be engulfed, phagocytosed,
and degraded by the Sertoli cell.

Diagram of structure of spermatozoon.

Phase LM of spermatozoa showing flattened heads of spermatozoa in different
planes. Observe the small amount of residual cytoplasm in the mid-piece region
of one spermatozoon (center).

SEM of spermatozoa. The extent of the acrosome and the postacrosomal segment
of the sperm head is evident. Note that the sperm heads have a typical ovoid pro-
file, while little surface detail is seen in the flagellum. A, acrosomal cap; PA,
postacrosomal segment; F, flagellum.

Composite TEMs of spermatozoa.

In panel A the plane of section of the head of the spermatozoon is perpendicular
to the plane of view shown in Frame C9. Note the tapering of the sperm head.
The acrosome is finely granular, with a homogeneous matrix. The plasmalemma
is fairly loose-fitting over the acrosome but closely applied over the postnuclear
sheath. The plasmalemma loses its close association with the nucleus at the pos-
terior ring. The nucleus is a highly condensed mass of granular chromatin.
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D2

D3

D4

D5

Panel B shows a longitudinal section of connecting piece and mid-piece of sperm
flagellum. The segmented columns of the connecting piece fuse to the outer
dense fibers. The proximal centriole is positioned in the connecting piece and is
shown in transverse section. The mitochondria are placed circumferentially
around the outer dense fibers. At the termination of the mid-piece, the annulusis
visible as an electron-dense zone associated with the plasma membrane. The ribs
of the fiber sheath are shown in grazing section.

Panel C is a cross section through the distal region of the connecting piece. The
mitochondrial sheath is present, as are the segmented columns of the outer
dense fibers. In the axoneme, the central pair of microtubules is lacking at this
point in the flagellum.

Panel D illustrates a cross section of the mid-piece region of the flagellum and
demonstrates mitochondria and outer dense fibers.

Panel E is a cross section of the proximal end of the principal piece of the flagel-
lum. The fiber sheath is represented in cross section by the ribs and continuous
columns.

Panel F shows a section through the distal end of the principal-piece region of the
flagellum. The outer dense fibers have terminated, and the fibrous sheath is now
much thinner and surrounds the nine plus two axonemal profile in the flagellum.

Panel G shows a cross section through the end piece of the flagellum containing
only the nine plus two microtubules in the axoneme.

Panel H is a cross section through the distal segment of the end piece. The nine
plus two axonemal geometry is lost, and some microtubules are incomplete.

Abbreviations for panels A and B: A, acrosome; PM, plasma membrane; PNS,
postnuclear sheath; PR, posterior ring; N, nucleus; CP, connecting piece; ODF,
outer dense fibers; PC, proximal centriole; M, mitochondria; A, annulus; R, ribs.

Abbreviations for panels C through H: CP, segmented columns; M, mitochon-
drial sheath; Mt, microtubules; ODF, outer dense fibers; C, columns; R, ribs.

LM of interstitial space between seminiferous tubules in testis. The acidophilic
Leydig cells are present in this space, together with vessels and lymphatics.
(H&E)

TEM of interstitial space between seminiferous tubules showing close associa-
tion between Leydig cells and blood vessels. Leydig cells also appear to be di-
rectly exposed to lymph in lymphatic sinusoids.

Higher-magnification TEM of Leydig cells revealing presence of crystals of
Reinke within cytoplasm of Leydig cell.

Diagram illustrating hormonal relationships between pituitary gland, Leydig
cell, and Sertoli cell. E estradiol; T, testosterone; LH, luteinizing hormone; and
FSH, follicle-stimulating hormone.
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D6

D7

D8

D9

E1l

E2

E3

E4

E5

E6

LM of testis showing transition from seminiferous tubules to short tubuli recti.
The latter open into a network of epithelial-lined channels, called the rete testis,
which lie in the mediastinum of the testis. See Al. (H & E)

TEM of lining epithelium in rete testis of a primate. Notice the presence of flagella
within the apical cytoplasm. Testicular fluid and spermatozoa which are non-
motile at this point are transported from the rete testis to the ductus epididymis.

LM showing transition between rete testis and ductuli efferentes. (H & E)

TEM of epithelium of ductuli efferentes in a 33-year-old man. Ciliated and noncil-
iated cells are hard to distinguish. In the apical cytoplasm of nonciliated cells,
many secretory granules can be seen. Numerous lysosomes are also present
within these cells.

LM of tubules in epididymis. The epithelium is pseudostratified columnar, rests
on a basal lamina, and is surrounded by smooth muscle fibers arranged in circu-
lar fashion. Spermatozoa can be seen within the lumen of the tubules. (H & E)

Higher-magnification LM of pseudostratified columnar epithelium of epi-
didymis. The luminal surface of the epithelium bears long, nonmotile microvilli
called stereocilia. Small, round cells containing spherical nuclei are seen at the
base of the epididymal epithelium. (H & E)

TEM of pseudostratified columnar epithelium of ductus epididymis. Rounded
basal cells and columnar principal cells are visible. The supranuclear cytoplasm
has many electron-dense vesicles, multivesicular bodies, and lysosomes. Stere-
ocilia emanate from the apical surface of the cells.

LM of ductus deferens in cross section. The mucosa protrudes into the lumen in
several low folds. The structure of the epithelium in the ductus deferens is similar
to that seen in the epididymis, but epithelial cells are not as tall. Surrounding the
mucosa of the vas deferens are three layers of smooth muscle cells. The fibers of
the inner and outer layers are arranged longitudinally; those of the middle layer,
circularly. (H & E)

Higher-magnification LM of mucosal surface within ductus deferens. The ep-
ithelium is pseudostratified columnar and contains stereocilia projecting from
the apical cytoplasm. Frequently the stereocilia are matted together and form
conelike structures, as seen in this frame. (H & E)

Macrophotograph of seminal vesicle (left) and ampulary region of ductus defer-
ens (right). The ductus deferens contains a highly branched mucosa resembling
that seen within the seminal vesicle. (H & E)
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ES8

E9

F1

F2

F3

F4

F5

F6

LM of seminal vesicle illustrating branching and anastomosing of secondary and
tertiary folds of mucosa which join to form numerous irregular channels within
the lumen of the gland. The lamina propria contains many elastic fibers, and
smooth muscle cells course through the connective tissue. (H & E)

LM of secretory epithelium within seminal vesicle. This epithelium may consist
of either a simple columnar or a pseudostratified columnar epithelium.

TEM of simple columnar epithelium in seminal vesicle. The secretory cells con-
tain a single oval-shaped nucleus and, within the apical cytoplasm, numerous
electron-lucent granules. Lysosomes are also obvious within the Golgi region.
L, lumen; G, granules; LY, lysosomes; N, nucleus; ER, rough endoplasmic
reticulum.

LM of prostate gland. The mucosa of the gland forms a series of folds, and concre-
tion granules are present within the lumen. Lamina propria consists of a fibro-
muscular stroma. (H & E)

Higher-magnification LM of prostatic alveoli showing large concretion granules
within lumens. The epithelium is normally either simple columnar or pseudos-
tratified columnar. (H & E)

LM of prostate gland processed immunocytochemically for detection of acid
phosphatase. The presence of this enzyme is a reliable and sensitive test for as-
sessing prostatic function and, as seen in this frame, is found only within the pro-
static epithelium.

TEM of simple columnar epithelium in prostate gland. These secretory epithelial
cells possess luminal microvilli and an abundance of rough endoplasmic reticu-
lum. Many secretory granules are present within the cytoplasm of these cells.
The size and height of this epithelium are dependent upon the presence of
testosterone.

Macrophotograph of penis in cross section. Note the incomplete septum divid-
ing the corpora cavernosa, and observe the urethra within the corpus spongio-
sum. A dense fibrolastic connective tissue layer, the tunica albuginea, binds the
three cavernous bodies and also provides an attachment to the skin overlying the
shaft of the penis. (H & E)

Higher-magnification LM of corpus spongiosum showing location of penile ure-
thra. Portions of seromucous glands and small ducts are seen in the lower part of
the field.
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postcapillary venule .......... ... oo

principal (chief) ........... ... o

principal (follicular) . ............. ...t

proximaltubule ............ ... ..o

Purkinje fiber (heart)......... ... .. ool
red blood (diapedesis).................. ... ...l

reticular ...

spermatocyte ... ... . e

spermatogonia.......... ... .. ..l

SPEIMALOZOA . ¢ttt v vt

stem

steroid secreting (adrenal) ................ ... ... ..l

surface mucous (stomach) ............... ... ...
sympatheticganglion ..................... ... ... ...
thecainterna/externa....................cciiii..l,

theca luteal

F8G4

F14A8, Bl

F14B9, C2

F6B1

F9G2

F13B4,B7, B9, C1, C3
F13B8, E9, F1

F13C2

F9E2, E3

F9E6

F8E3; F11C1, C3, C4
F11C5

FoD8

F9D9

F6A9

F10FS

F10F5, F7, F8, F9
F10G1-3

F6F7, F8

F12D1

F12D3, D5-7
F12D2, D4, D8, D9, E1, E2
F7Cl1

F7C2

F9E2-4

F9E5

FoD3, De, D7
F9D7

FoD4

F12E5, E6, F1, G4
F12E9

F12E7, E8, F2
F6B5

F7ES8

F7D2

F14A8, B1, B3, B6
F14B4, B5, C6
F14B2, B7, C4
F14A8, B1, Bo, B8
F14B4, C3, C6
F13B2, B7

F14A8, B1, B8
F14B2, B7

F14A8, B1, B8
F14B9, C1, C2
F14C7

F14C8, E2

F13E8, E9, F1, F14C9
F14D1

F7G8

F11A4

F11Cé

F9¥3

F9F4-6, F8, F9
F8E4, F10F5
Fo9G1

F13B9

F13C9, D1



thymocyte . ... TEM
typeI{pneumocyte) .......... ... ...l D
TEM
typell (greatalveolar).......................... ..., D
TEM
Wasserhelle (water-clear).......................... ... LM

Corpus albicans. See Female reproductive tract, ovary
Corpus luteum. See Female reproductive tract, ovary

Crypts of Lieberkuhn. See Gastrointestinal tract, small intestine

Dermis. See Skin
Ducts. See Glands, exocrine

Duodenum. See Gastrointestinal tract, small intestine

Epidermis. See Skin

Epididymus. See Male reproductive tract
Epiglottis. See Respiratory tract
Esophagus. See Gastrointestinal tract

Exocrine gland. See Glands, exocrine

Female reproductivetract.................. ...l
mammarygland............ ... oo LM
TEM
L0 N D
LM
M
cells
granulosa................oiii i LM
SEM
TEM
granulosaluteal ............................... LM
TEM
O0CYte. ..ttt LM
SEM
TEM
theca interna/externa................... ... ... LM
thecaluteal ............... ... ... ... .. .. LM
corpusalbicans. ........... ... i LM
corpusluteum. ... ... ... oo D
LM
TEM
fertilization ............ ... . oo SEM
follicle........ ... D
Primary ...t LM
TEM
primordial . ............ .. ..o LM
TEM
SECONAAIY . ...ttt iii i LM
SEM
theca interna/externa........................... LM
zonapellucida. ........... ...l LM
TEM
gapjunctions .......... ... ... L LM
TEM
ovulation........... ..ol D
M
uterine tube (fallopian) . ............ ... D
LM
M
SEM
TEM
infundibulum .............. ... M
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F7D2

F11F1

F12B2
F11F1, F12B1
F12B2, B3
F9E2, E3

F13B1-G5
F13G3, G4
F13G5
F13B1
F13B2, C8
F13B3, D8

F13B7, B9, C1, C3
F13B8

F13C2

F13C9, D1, D3
F13D2, D4, D5
F13B7, B9, C1, C3
F13B8, E9, F1
F13C2

F13B9

F13C9, D1

F13D6

F13B1

F13C8, C9, D1, D3
F13D3, D4, D5
F13E9, F1

F13B1, D7

F13B4

F13B6

F13B2, B4

F13B5

F13B7, B9

F13B8

F13B7, B9

F13B9, C1

F13C2

F13C3

F13C2

F13D7

F13C4-7

F13B1

F13E3, E4

F13B3, E2
F13E6-8

F13E5

F13B3, D8, D9, E1
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IS . . v ottt et e e et e et D F13B1, D7
LM F13F2
menstrual ....... ... ... LM F13F2
SEM F13F3
proliferative. . ......... ... i LM F13F4
SEM F13F5
SECTRIOTY ...ttt e LM F13F6
SEM F13F7
epithelium............... ... ..ol LM F13F8
SEM F13E6, E7, E8
TEM F13F9
VaGINA. « . e D F13B1
LM F13G1, G2
Gallbladder. ... e F10D3-6
TIVUCOSR. + 4t v et e e e nie e enan e e e e taenretnnnrennneens LM F10D5
TEM F10D6
Gastrointestinal tract............. ... . i i F10E1-F11E9
esophagus. ... M F10E3
esophageal-cardjac junction. ....................... LM F10E6, E7
IIUCOSA. + o vt vetees et ae s ee e naneenaaninsnnsnn LM F10E4, E5
musculars. ... e M F10E4
SUDIMUCOSE .« .ttt iietiee it iie e LM F10E4, E5
esophagealglands...................... ... ... M F10E4, E5
largeintestine (colon) ............ ... .. il D F11A3
SEM F11E1, E9
appendix . ... LM F11E2
bloodsupply... ... LM F11E5
cells
absorptive ........ ... ... . LM F11E7
goblet........ ... ... LM F11E3, E6, E7
SEM F11E9
TEM F11E8
CTYPES et e M F11E2, E3, E5, E6
lymphnodules.........................ooal LM F11E2, E3
o 0§ Lo o Y- Y LM F11E3, E5, E6
muscularis. ... .. L e M F11E4
muscularis mucosa ........ .o LM F11E5, E6
SUDMUCOSA .. oot e i i et LM F11E2, E4, E5
taeniacoli. . .....ooviii e D F11A3
M F11E4
smallintestine. .......... ... ... . i i D F11A3, A4, B6
cells
absorptive ........ .. o i M F11A7,B1, B7, B8
enteroendocrine. . .......... . i TEM F11C5, D3
goblet ... ... . ... M F11B1,B7, C1, Cé
TEM F11B2
1 TEM F11D9
Paneth .......... ... i, LM F11C1, C3, C4
TEM F11C5
plasma ... D F11D1, D2
LM F11C7, C9
TEM F11C8
SEEIM . vt e LM F11Cé6
CYPES e D F11A4, D1
LM F11A5, A6, C4, C6
duodenum. . ...t LM F11A1, A5
SEM F11A2
glands. ........ .o M F11A1, A5, A6
ileocecal junction ........... ... ool SEM F11E1
leum ... e LM F11B7, B8, C1, D6
immuneregulation ............ ... ...l D F11D2
innervation ......... ... i e M F11C2
intestinal absorption ................. .. ... oL D F11B6
lacteals ... ...coiiiiii i e e LM F11B7, B8, D5, Dé
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microvillousborder...............................

muscularis mucosa
Peyer’s patch. . ...

plicae circulares . .

stomach............

body/fundus.....

cardia...........
cells

chief .........

parietal cell, function. ................. ... ... ...

enterochromaffin..............................
enteroendocrine. ........ ... i

mucous neck. .
parietal.......

surface mucous

gastricglands .. ..

pylorus..........

Glands

endocrine. ..........
adrenal gland . ...

cells
chromaffin.

epinephrine

norepinephrine ............ ... o
steroid secreting. ............... ...

cortex........
capsule. ...

cortical capillaries /LM.......................

lipofuscin pigment. .........................

zonafasciculata ............................

zonaglomerulosa.................... . ..

zonareticularis............ ... ... ...,

medulla ......

medullary veins .............. .. ...l

sympatheticganglion .......................

F11B1
F11B5
F11B3, B4
F11A5, A6, C1
F11D5-7
F11D8
F11D9
F11A3
F11D5
F11D4
F11A3, A4

F11A5, A7, B7, C1, C2, D5,

Dé

F11A8, A9, B9
F10F2

F10F1

F10F4, F5, F7, F8

F10Fe
F10F9
F10F3

F10F7, F8
F10G4, G5
F10G9
F10G7
F10G8

F10F5

F10F9

F10F5, F7, F8
F10G1-3
F10F3, F5

F10F3, F5, F7, F8, G6

F10G4

F10F5, G6
F10F3, F4, G6
F10F3, F4, G6
F11A1

F11A2
F10Ge6, G7

F8E1, ES5, F1
F9B1-G9
F9E7-G2

F9G1

F9G2

FoG2

FoG2

F9E3, F7
F9F4-6, F8, F9
F9E7

F9ES, E9, F1
F9F1, F3, F7
F9F4, F8
F9F7

FIF8, F9
F9ES8, E9, F3
F9F4-6
F9ES8, E9, F1
F9F2

F9ES8, E9, F3, F7

FOF8, F9

FIES, E9, F7, G1

F9F8, F9, G2
FOE7
F9E9
FoG1
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isletof Langerhans. ...,

cells

alpha (glucagon)..................... ... ..

beta(insulin)................. ... ...

delta (somatostatin) /LM.....................

F (pancreatic polypeptide) ...................

innervation

junctions ... i e

parathyroidgland ............. ... ... ... ...

cells

Wasserhelle (water-clear) . ...................

pituitary gland

cells

acidophil ......... ... ... .l

basophil

Yeastration” . ... ... e

chromophobe .......................... L
corticotrope. ........... ... o o
gonadotrope.............. ... ..ol
mammotrope ............. ...

pituicyte

somatotrope ......... ... il

thyrotrope.......... ..ot
Herringbodies ................. ... ..o

pars distalis

parsintermedia ............ .. ... oo
PAISTIEIVOSA « o ot vvveviventeneitenerenenes

Rathke’s cys
sinusoid . . .
thyroid gland .

b

bloodsupply............cooiiiiiii

cells

parafollicular.................. ... oLl

principal
colloid. . . ..
endocytosis
follicle. . ...

Exocrine.........
cells

(follicular) . ..........oovvevvnen.,

...................................

ACINAY, INUCOUS .« « .« v vttt et it ee i ie e ennennn

ACINATL, SETOUS . v vt vt vttt ie it et ia e iiaaenn

centroacinar

F9G3-G9

FoG4, G5
FoG6

F9G3, G4, G8
F9Ge6, G7
F9G5

F9Gé6

F9G6

F9G9
FoG8
FoG7
F9E1-E6

F9E2, E3
FIE6
F9E2-4
F9E5
F9E2, E3
F9B1
F9B2

F9B3, B4
F9B3, B4
FoC5
FoCé
F9B4
FoC3
FoC4
F9B8
F9B9
FoC8
F9B5
F9B6, B7
FoCl, C2
FoC8
FoC9
F9B2
FoC7
F9B2, C7, C8
FoC7
F9B3, B4
F9D1-D9
FID6
F9D5
F9D4

F9D8
F9D9
FoD3, D6
FoD7
FoD4
F9D2, D3, D6
F9D6
FoD7
FoD2, D3
F9D5
F8E1-F9A4

F8G6-8

F8G3, G9
F8G6-8

F8F3, F5, G3, G9
F9A4



duct, intercalated . ......... ... ... ..ol
duct, striated. ...t e
goblet............ ...
Paneth ........... oo i il

ducts
extralobular............. ... i
intercalated ......... ... e

striated. .. ... i

glands
pancreas, eXOCTnNe. ... ........ouiunennensn.n.
parotid ......... ...
sublingual ............. ..o il

submandibular. ........... ... . o e
nnervation ......... . it i i e
serousdemilune. ............ ... . ... . ..,

Hair follicle. See Skin, thin

Ileum. See Gastrointestinal tract, small intestine
Intestine. See Gastrointestinal tract
Islet of Langerhans. See Glands, endocrine

Jejunum. See Gastrointestinal tract, small intestine
Juxtaglomerular apparatus. See Urinary tract, kidney

Kidney. See Urinary tract

Lacteals. See Gastrointestinal tract, small intestine
Large intestine. See Gastrointestinal tract

bloodsupply........ ... ...
central vein ... ... i e

hepaticartery ......... ... . il
portalvein............ ... ..o i
sinusoid .. ... i

cells
endothelial ........... ... i

hepatocyte........... ... i

inclusions
glycogen ..... ... ..o
lipofuscin pigment......................000 L
Ito(fatstoring) ...,
Kupffer (macrophage)...................ooovint

Jobules . ..o e e
bilecanaliculus.............. ... o i i

F8E7

F8F4, F5
F8F6, F7, G6
F8F8

F8E2

F8G4

F8E3

F8E4

F8F9, G1, G5, G7
F8E7

F8F4, F5

E8F6, F7, G6
F8F8

F9A1-4

F8F2
F8G2, G7, G8
F8G3, G9

F10A1-D2

F10A1, A2, C5-7

F10A3, B1

F10A4, B2

F10A8, A9

F10A8, A9

F10A3, B1, B3, C7

F10A4, B2, C4, D1

F10B4, B7, B8, B9, C8, C9, D2

F10B1

F10C4, D1

F10B7, B8, C8, C9, D2
F10A8, A9, B1, B3
F10C4, D1

F10B4-B9

F10B5
F10B1, C2
F10D2
F10C2, C7
F10D1
F10C8, C9
F10A2, A5-7,C1
F10C1
F10C2, C3
F10C4, D1
F10B5, C5
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bile duct. .

canal of He

FNE. i e

classification
classical ........ .. e

portal .

Rappaport...........ccooiiiiii L

portal triad

spaceof Disse........... .. i

Lymphoidsystem ...,
lymphatictissue.............. ...

dense ....
diffuse ...

lymphaticvessels................ .. .. .ol

organs

lymphnode..................ooiiiii

dendritic reticularcell ........... ... ... ... ...

postcap

illaryvenule ...........................

centralartery. ...l
dendriticcell .............. .ol
macrophage ........... ... ...l

marginalzone......... ... ... ...l
nodules ........... ... i

periarte

riolar lymphatic sheath (PALS)...........

red blood cell (diapedesis) ......................
redpulp........oo

SiNUSOId . . ... e

trabeculae . ... .. i
whitepulp........... ..o

thymus. ..

blood-thymus barrier ..........................

cortex .

Hassall’

scorpuscle................. ...l

medulla ....... ... .. .

reticularcells................coo i i i,
thymocytes ...

Macula densa. See Urinary tract, kidney

Male reproductivetract. . ...

efferent ducts

LM
TEM

LM
SEM

LM
SEM
TEM

LM
TEM

F10A5, C1
F10AS8, A9
F10Cé6

F10A2, A5, A6
F10A3

F10A4

F10A2, C1
F10A5, A7
F10A3, A8, A9
F10C4

F10B4, B7, B8, B9

F7A1-F3
F7A1, A3, C3
F7A2

F7B4

F7A5-8
F7A4, A8, A9
F7C4, C5
F7C6, C7

F7B1, C3
F7B2-6, C1
F7B7, B8
F7B5
F7B5
F7C1
F7C2
F7B7, B8
F7E1
F7E2
F7E3, E4
F7F1, F2
F7E7
F7F2
F7E4
F7E3, E4
F7E3
F7E8
F7E2-5
F7E6
F7E9
F7E5
F7E6-8
F7E9
F7E2, E3
F7E2, E3, E4
F7F1, F2
F7C8, D5
F7D6-8
F7C9, D1
F7D2, D7
F7D1, D3
F7D4
F7C9, D1, D3
F7D4, D6
F7D2
F7D2

F14A1-F6
F14A1
F14D8
F14D9



COTPUS SPONGIOSUM . . ..o vttt

prostate . ..

prostatic

CONCretion .. ...oovi ittt

seminalvesicle .......... .. e

spermatid ......... ... ..ol

spermatocyte ........ ... ... oo
spermatogonium . ...... ...,

Spermatozoon. . ... .. e

endocrineinteraction ........... ... i,
retetestiS .. ..o i i e

seminiferoustubule.............. ... ... o

spermatogenesis ........... ..o i

SPermiogenesis. ........ovi i

residualbodies ............. ... ... ... ... ...
tubulirecti......... i
tunicaalbuginea................ .. oo

vasdeferens ..... ... ... i s

Mammary gland. See Female reproductive tract

Mononuclear phagocyte system

liver.......

TEM

TEM
LM

LM

LM

LM
SEM
TEM

LM
TEM

INDEX

F14A1

F14E1, E2
F14E3

F14E2

F14E3

F14A1

F14F5

F14F6

F14A1
F14F1-F3
F14F4

F14F1, F2
F14A1
F14E7-8
F14E6

F14E9

F14A1

F14A2

F14B2

F14A6, D2
F14D3, D4
F14A8, Bl
F14B9, C2
F14B2

F14A8, B1, B3, B6
F14B4, B5, Cé
F14C4

F14A8, B1, B6, B8
F14B4, C3, Cé
F14AS8, B1, B8
F14A8, B1, B8
F14B9, C1, C2
F14C7

F14C8, E2
F13ES8, E9, F1; F14C9
F14D1

F14D5

F14A1
F14De6, D8
F14D7
F14A1, B2, B7
F14A6-8, B8
F14A4

F14A5

F14B2, B7
F14B8

F14B2, C4
F14C3, C5
F14B2

F14D6

F14A1

F14A3

F14A2

F14A1

F14E4, E5
F14E6

F10C2, C7
F10D1

F10B7, C8, C9
F11F1; F12B7
F11G9; F12A8
F12B8, B9
F7B7, B8
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skin. ... TEM

spleen. ... ... D
SEM
TEM

Nephron. See Urinary tract, kidney

Ovary. See Female reproductive tract
Ovulation. See Female reproductive tract, ovary

Pancreas. See Glands, exocrine

Parathyroid. See Glands, endocrine

Parotid. See Glands, exocrine

Penis. See Male reproductive tract

Periarteriolar lymphatic sheath (PALS). See Lymphoid system, organs
Peyer’s patch. See Gastrointestinal tract, small intestine
Pituitary gland. See Glands, endocrine

Postcapillary venule. See Lymphoid system, lymph node
Primary follicle. See Female reproductive tract, follicle
Primordial follicle. See Female reproductive tract, follicle
Prostate. See Male reproductive tract

Renal corpuscle. See Urinary tract, kidney

Respiratorytract. ... i
epiglottis ........... .. ... M
tastebud .......... ... LM
larynx. ... M
vocalcords, false .............. ... ..., LM
M
vocalcords, true......... ... ... il LM
M
lung ... D
alveolarduct........ ... D
LM
SEM
alveolus . .......... .o i D
LM
SEM
alveclarpore................. . ... .l LM
SEM
TEM
blood-airbarrier.............. .o, D
TEM
bronchioles
cartilaginous.............. ... .ol LM
MUSCULAT « .ot i et it it e LM
respiratory. ... i D
LM
SEM
terminal . ....... . .. e LM
SEM
cells
basal ... LM
TEM
Clara. . .ov e e TEM
endocrine. . ...t e TEM
goblet...... ... ... LM
TEM
macrophage (dustcell) .................. ... ... D
LM
TEM
typeI(pneumocyte) ............... ...l TEM

F8Be6, B7
F7E1

F7E6, E7
F7E9, F2

F11F1-F12B9
F11F2

F11F3

F11F4

F11F6

F11F5

F11Fé6

F11F4, F5
F11F1; F12A1
F11F1, F12A1
F12A3
F12A4, A5
F11F1; F12A1

F12A3, A6, A8, B4
F12A4, A5, A7, B5

F12B4
Fi2A7,B5
F12B6
F11F1
F12A9

F11Gé6
F11G7
F11F1, F12A1
F12A2, A3
F12A4

F12A2

F12A4

F11G2

F11G4

F11G8

F11G4

F11G2

F11G4

F11F1; F12B7
F11G9; F12A8
F12B8, B9
F12A9, B2



typeIl(greatalveolar) .................. ... ...,

trachea

Rete testis. See Male reproductive tract, testis

Sebaceous gland. See Skin, appendages

Secondary follicle. See Female reproductive tract, follicle

Seminal vesicle. See Male reproductive tract

Seminiferous tubule. See Male reproductive tract, testis

Sinus. See Lymphoid system, lymph node

Sinusoids. See Liver; Lymphoid system, spleen

appendages
hairfollicle. . ...,

sebaceousgland................... ..l

sweatgland............ ... .ol

arrectorpili........... o

cells

keratinocyte ...

Langerhans...................... ... ...l
melanocyte ...

stem

dermis

epidermis

hypodermis............... ... .. ool

INNervation . ...t i i et e

Meissner'scorpuscle............... .. ..o ool
Paciniancorpuscle................ ... ...l

strata

basal

Spleen. See Lymphoid system, organs
Stomach. See Gastrointestinal tract

Sublingual gland. See Glands, exocrine

TEM
LM

SEM
TEM

TEM

INDEX

F11F1; F12B1
F12B2, B3
F11F9, G2
F11F7, F8
F11G1, G3, G5
F11G4

F7G1-F8D9

F8C1-6, C9
F8C8, C9
F8C1, C9, D1
F8D2

F8C1, D3, D5
F8D4, D6
F8C1

F7G3; F8A1l
F7G7; F8A3, B4
F8B6, B7

F8A7, B5
F8AS8, B3
F8A9, B1, B2
F8B8

F7G8

F7G1

F7G4; F8B3, D5
F7Gé

F7G7

F7G1

F7G2-5; F8A1, B3
F7Gé

F7G7

F7G1

F8C1

F7Gl1

F7G9; F8D7
F8D8

F8D9

F7G2-4, G8; F8A1, B3
F8B4

F7G2, G4, G5; F8AS5, B3
F8A3

F7G2-4; F8A1L, A5

F8A6

F7G2

F7G2-4; F8A1, A2, B3
F7G7; F8A3, B4

F7G2; F8B3
F7G4, G5
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Submandibular gland. See Glands, exocrine
Sweat gland. See Skin, appendages

Testis. See Male reproductive tract
Thymus. See Lymphoid system, organs
Thyroid gland. See Glands, endocrine

Ureter. See Urinary tract

Urinary tract .. ........ ... .o .
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cells
collectingduct....................oooiiil
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podocyte ... .. L
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TEM

LM
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LM

TEM
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LM
TEM

F12C1-F13A9
F13A4

F13A4
F13A5, A9
F13A6-8
F12C1

F12C3

F12F3, G6

F12G7

F12G4

F12G5

F12F4, G8

F12D9

F12D1

F12D3, D5-7
F12D2, D4, D8, D9, E1, E2
F12E5, E6, F1, G4
F12E9

F12E7, E8, F2

F12C2

F12C3-5, C8, F8, F9, G1
F12C6

F12C7

F12C8, D1

F12C9, D2

F12G4

F12G5

F12E3

F12D3, D5, D6
F12D2, D4, D8, D9, E1, E2
F12C8,F12D1
F12C6,F12D3, D5, D6
F12D2, D4, D8, D9
F12F8, F9, G1

F12G2, G3

F12C7

F12C8, E5, F8, G1
F12G2

F12C2

F12C4, C5

F12E4

F12E5, E6, F1, G4
F12E9

F12E7, E8, F2

F12C2, C7

F12C4, C5, C8, D1, E5, F8, F9
F12C9

F12C2

F12C3, 4, F1, F3
F12F3, Gé

F12G7

F12G9

F12E4

F12F3, F6

F12F2, F4, F7



papilla ... SEM
nephron............ ... i D
salt/watertransport .. ................. ..l D
UFELEY L .ttt D
LM

Uterine tube (Fallopian). See Female reproductive tract

Uterus. See Female reproductive tract

Vagina. See Female reproductive tract, ovary
Vas deferans. See Male reproductive tract
Vein. See Cardiovascular system, vessels
Ventricle. See Cardiovascular system, heart
Venule. See Cardiovascular system, vessels
Villi. See Gastrointestinal tract, small intestine
Vocal cords. See Respiratory tract, larynx

Zona pellucida. See Female reproductive tract, ovary, follicle

F12G9
F12E4
F12F5
F12C1
F12C3; F13A1, A2
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