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Muscular Tissue8
Introduction

Muscle is a specialized tissue which brings 
about movement by contraction.
Muscle tissue is made up of cells called 
myocytes. These usually appear as fibers 
known as muscle fibers.
Each muscle fiber is covered by a 
membrane known as sarcolemma and a 
cytoplasm known as sarcoplasm.
Cytoplasm of each muscle fiber contains 
numerous longitudinal thread-like struc-
tures called myofibrils, which are made 
up of different types of muscle protein 
(mainly actin and myosin).
It is also rich in mitochondria and 
glycogen, which provide energy for it.
Numerous mitochondria (sarcosomes) 
and endoplasmic reticulum (sarcoplasmic 
reticulum) are also seen.

Classification of Muscle 
Tissue

Based on the appearance of contractile 
cells, the muscle tissue is classified as the 
following:

Skeletal/striated/voluntary muscle/
striped muscle.
Cardiac/involuntary muscle.
Smooth muscle/involuntary/visceral 
muscle.

Skeletal Muscle

Skeletal muscle is attached to bone and 
is responsible for movement of axial and 
appendicular skeleton.

Most of the action of skeletal muscle is 
under one’s will; hence, it is called volun-
tary muscle.
The cells exhibit cross-striations under 
light microscope; hence, it is called stri-
ated muscle.
Skeletal muscles have limited capacity of 
regeneration.

Microscopic Structure (Longitudinal 
Section) of Skeletal Muscle

Longitudinal section of skeletal muscles 
shows long unbranched cylindrical 
muscle fibers running parallel to each 
other (Figs. 8.1 and 8.2).
Length of muscle fiber is variable ranging 
from few millimeter to many centimeter.
Each muscle fiber shows multinucleated 
flat oval nucleus located peripherally 
underneath the sarcolemma.
Multinucleated appearance of muscle 
fiber is due to the fusion of multiple 
myoblasts during the embryonic life.
The sarcoplasm contains numerous 
myofibrils (Fig. 8.3).
Under light microscope, myofibrils are 
seen as dark and light bands.
The dark bands are A-bands (anisotropic 
under polarized light) and light bands are 
I-bands (isotropic under polarized light).
Striated appearance is mainly due to the 
regular arrangement of actin and myosin 
myofilaments.
The middle of A-band has a light area 
known as H-band.
The center of H-band has a dark line 
known as M-line.
The center of I-band is bisected by Z-line.
The area between two Z-lines is called 
sarcomere, which is the structural and 
functional unit of muscle fiber.
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Identification Points (Fig. 8.2)
1. Unbranched long cylindrical fibers are seen.
2. Each fiber shows multiple peripherally placed flat nuclei.
3. Alternate dark and light striations are seen.

Fig. 8.1 Diagram of longitudinal section of skeletal muscle (H&E pencil). H&E, hematoxylin 
and eosin.

Fig. 8.2 Section of skeletal muscle in low magnification (H&E Stain). H&E, hematoxylin and 
eosin.
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Contraction of Skeletal Muscle

Thick myosin filament occupies the 
middle portion of sarcomere, and thin 
actin filament projects in between the 
myosin filaments.
During contraction of myofibrils, there is 
marked overlapping between actin and 
myosin filaments.
In uncontracted state, the overlap 
between them is minimal.
During contraction, the length of A-band 
remains constant while H-band and 
I-band are shortened (Fig. 8.4).

Sarcoplasmic Reticulum and 
Transverse Tubular System

Sarcoplasmic reticulum are the tubules 
surrounding the myofibrils.
They resemble smooth endoplasmic retic-
ulum of other cells.
These sarcoplasmic tubules branch and 
anastomose with intervening spaces 
known as cisterna.
Transverse tubules (T-tubules):

 These are tubular invaginations of 
sarcolemma.

Fig. 8.3 Ultra structure of myofibrils.

Fig. 8.4 Myofibrils in relaxed and contracted state.
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Fig. 8.5 Sarcoplasmic reticulum and trans-
verse tubular system.

 These are called T-tubules because 
they are oriented transversely to the 
long axis of muscle fiber.

Muscle triad:
 At the junction of A- and I-band, 
T-tubules come in contact with two 
terminal tubules of sarcoplasmic reti-
naculum. This is called muscle triad 
(Fig. 8.5).

Events Occurring during Muscle 
Contraction

Steps of muscle contraction are listed in 
Flowchart 8.1.
When depolarization ceases, the calcium 
is taken up by sarcoplasmic reticulum, 
and muscle contraction ceases.

Microscopic Structure (Transverse 
Section) of Skeletal Muscle

Skeletal muscle is made up of numerous 
muscle fibers held by connective tissue 
(Fig. 8.6).

Individual muscle fiber is surrounded 
by delicate reticular fibers known as 
endomysium.
Many muscle fibers aggregate to form 
bundles (fascicles), which are surrounded 
by a stronger connective tissue sheath 
known as perimysium.
Many bundles unite to form a muscle, 
which is surrounded by dense connective 
tissue known as epimysium.
Neurovascular structures pass through 
this connective tissue sheath.

Cardiac Muscle

Microscopic Structure of Cardiac 
Muscle

Cardiac muscle is also known as striated 
or involuntary muscle.
It is exclusively seen in heart.
It consists of short thick cylindrical fibers, 
which will branch and anastomose.
Muscle fibers show cross-striations, 
which are less prominent than skeletal 
muscles are.
Each muscle fiber is made up of cardiac 
myocytes, which are joined by interca-
lated discs (junctional complex).
Each cardiac myocyte has a centrally 
located oval nucleus (Figs. 8.7 and 8.8).
Sarcoplasm has abundant mitochondria 
and less myofibrils because of which stria-
tions are less prominent.

Nerve stimulation leading to generation of action 
potential

Depolarization of sarcolemma

Action potential spreads to deep surface of muscle 
via T-tubules

Calcium released from cisterna

Muscle contracts

Flowchart 8.1 Steps of muscle contraction.
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Fig. 8.6 Diagram of transverse section of skeletal muscle (H&E pencil). H&E, 
hematoxylin and eosin.

Fig. 8.7 Diagram of cardiac muscles (H&E pencil). H&E, hematoxylin and eosin.
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Identification Points (Fig. 8.8)
1. Short cylindrical branched fibers are seen.
2. Nucleus is oval and centrally placed.
3. Intercalated discs are seen.

Fig. 8.8 Section of cardiac muscle in low magnification (H&E stain). H&E, hematoxylin and 
eosin.

Cardiac muscle has no capacity to regen-
erate; hence, if damaged, it will be 
replaced by fibrous connective tissue.

Intercalated Disc

Intercalated disc is a special feature of 
cardiac muscle.
It is a specialized junction between two 
adjacent cardiac myocytes.

Components of Intercalated Disc
It has a zigzag appearance with longitu-
dinal and transverse portions.
It includes fascia adherens, gap junction, 
and desmosomes (macula adherens).
Fascia adherens and desmosomes are 
present in the transverse portion of the 
disc.
Gap junction is present in the longitudinal 
portion of the disc (Fig. 8.9).

Functions of Intercalated Disc

It permits cell to cell adhesion and helps 
in transmission of electrical impulses 
between adjacent myocytes.
Thus, cardiac muscle is converted to a 
functional syncytium.

Smooth Muscle

Smooth muscles are nonstriated and 
involuntary in function.
Smooth muscles are present in the gastro-
intestinal tract (GIT), wall of blood vessel, 
urinary bladder, uterus, uterine tube, 
arrector pili muscle of skin, etc.
Smooth muscle fibers are elongated 
spindle-shaped cells with pointed ends on 
either side.
They have a centrally placed oval nucleus.
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Sarcoplasm is acidophilic containing 
numerous myofibrils (Fig. 8.10).
Table 8.1 lists the major points of differ-
ences among skeletal, cardiac, and smooth 
muscles.

Fascia adherens Macula adherens

Gap junction

Fig. 8.9 Schematic diagram of Intercalated disc.

Fig. 8.10 Diagram of smooth muscles (H&E 
pencil). H&E, hematoxylin and eosin.

Table 8.1 Comparison of three muscle types

Skeletal Cardiac Smooth

1. Location Attached to bones of 
skeleton

Present in heart Present in hollow viscera, 
Blood vessel, etc

2. Fiber Unbranched Branched Spindle-shaped

3. Nuclei Multinucleated 
peripheral flat nucleus

Single centrally 
placed oval nucleus

Single centrally placed oval 
nucleus

4. Striations Prominent Less prominent Absent

5. Intercalated disc Absent Present Absent

6. Nerve supply Somatic nerves Auto rhythmicity Autonomic nervous system

7. Nature Voluntary Involuntary Involuntary
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Applied Aspects
Myasthenia gravis:

 It is an autoimmune disorder in which antibodies are produced against acetylcholine 
receptors.

 In this condition, muscle becomes weak, fatigues easily, and is ultimately paralyzed.
Hypertrophy:

 Increase in the diameter of muscle fibers due to repeated usage.
 Cardiac muscle may undergo hypertrophy if it has to work excessively as in long-
standing hypertension.

Atrophy:
 Decrease in diameter of muscle due to lack of activity (disuse atrophy).

Questions 

1. What are myofibrils?
2. What are the characteristics of skeletal muscles?
3. Why skeletal muscle is multinucleated?
4. Why cardiac muscles are referred as functional syncytium?
5. What are the component of intercalated disc and its function?
6. List the difference between three types of muscles.
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Introduction

Male reproductive organs consist of 
spermatic cord and scrotum, testis and 
epididymis, ductus deferens, prostate, and 
penis (Fig. 19.1).

Testis
Testes are the male gonads which produce 
sperms and testosterone.
It is suspended by a spermatic cord in the 
scrotum.

Fig. 19.1 Schematic diagram of male reproductive organs.
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Testis is covered by three layers (from 
outside to inwards):

 Visceral layer of tunica vaginalis:
 It is lined by flat mesothelial cells.

 Tunica albuginea:
 It is a thin layer of connective tissue 
containing collagen, blood vessels, 
and lymphatics.

 Along the posterior border, tunica 
albuginea is thickened to form medi-
astinum testis.

 Septa arising from the mediastinum 
testis divide the substance of the 
testis into 200 to 300 lobules.

 Each lobule contains one to four 
seminiferous tubules.

 Seminiferous tubules contain coiled 
part in the front and straight part 
behind.

 Straight part enters the medi-
astinum testis where it joins and 
forms a network called as rete testis.

 From the upper end of rete testis 
12 to 14 efferent ductules arise and 
enter the epididymis.

 Tunica vasculosa:
 Highly vascularized connective 
tissue which covers the individual 
lobule.

Microscopic Structure 
of Testis

Seminiferous Tubule

There are 400 to 600 seminiferous tubules 
in each testis.
Each tubule is surrounded by a basal 
lamina supported by connective tissue 
which contains muscle-like myoid cells.
Contraction of myoid cells helps to move 
the spermatozoa along the tubule.
Each seminiferous tubule is lined by 
stratified seminiferous epithelium which 
contains spermatogenic cells and Sertoli 
cells (Figs. 19.2 and 19.3).

Fig. 19.2 Diagram of testis (H&E pencil). H&E, hematoxylin and eosin.
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Fig. 19.3 Section of testis in low magnification (H&E stain). H&E, hematoxylin and eosin.

Spermatogenic Cells

Spermatogenic cells are derived from 
primordial germ cells.
They are arranged in the form of spermat-
ogonia, spermatocytes, spermatids, and 
spermatozoa from basement membrane 
to lumen.

Spermatogonia
These are the direct descendant from 
primordial germ cells.
These are immature germ cells having 
diploid chromosomes.
Spermatogonia undergo mitosis to form 
type A (dark type A and pale type A) and 
type B spermatogonia.
Type A spermatogonia act as stem cells of 
germinal epithelium.
Type B spermatogonia divides to form 
primary spermatocyte (Fig. 19.4).

Primary Spermatocytes
Primary spermatocytes are large cells 
with rounded nuclei with condensed 
chromatin.
They have diploid number of 
chromosomes.

Primary spermatocytes undergo first 
meiotic division to form secondary 
spermatocytes.

Secondary Spermatocytes
These are smaller cells with haploid 
number of chromosomes.
Only few secondary spermatocytes are 
seen in section because they rapidly 
undergo second meiotic division and 
forms four spermatids.
Spermatids: Spermatids do not divide, 
instead it is converted into sperma-
tozoa through a process known as 
spermiogenesis.

Sertoli Cells/Supporting Cells

These are tall columnar cells extending 
from basement membrane to lumen of 
seminiferous tubule.
They have prominent oval nuclei with 
well-developed nucleoli.
The apical plasma membrane forms 
invagination into which spermatozoa and 
spermatids are trapped.
Lateral surface of adjacent Sertoli cells are 
bound together by tight junctions.
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These tight junctions form the blood–testis 
barrier.
The tight junction divides the intercellular 
compartment between the Sertoli cells 
into basal and luminal compartment.
Basal compartment contains spermato-
gonia and primary spermatocytes.
Luminal compartment contains secondary 
spermatocytes and spermatids (Fig. 19.5).

Functions of Sertoli Cells

Sertoli cells provide support and nutrition 
to spermatogenic cells.
The blood–testis barrier protects the 
spermatogenic cells from the harmful 
substances (antigens) of blood.
They phagocytose the residual bodies.
Sertoli cells secrete androgen-binding 
protein (ABP), which concentrates the 
testosterone.

In fetal testis, Sertoli cells produce anti-
mullerian hormone, which inhibits the 
development of mullerian duct.
Sertoli cells are nondividing cells, highly 
resistant to infection, malnutrition, and 
radiation.
These produce inhibin, which inhibits the 
secretion of follicle-stimulating hormone 
(FSH).

Interstitial Cells of Leydig

These are large polyhedral cells lying in 
the connective tissue between seminif-
erous tubules.
These are pale staining cells with eccen-
tric nucleus and cytoplasm shows unique 
needle-shaped crystalline inclusion 
(Reinke’s crystal).
They secrete testosterone.

Identification Points (Fig. 19.4)
1. Sections of seminiferous tubules lined by spermatogonia, primary and secondary 

spermatocytes, spermatids, and sperms are seen.
2. Sertoli cells are seen in between the spermatogenic cells.
3. Interstitial cells of Leydig are seen in between the seminiferous tubules.

Fig. 19.4 Section of seminiferous tubule in high power (H&E stain). H&E, hematoxylin and eosin.



Male Reproductive System 173

Epididymis
It is a comma-shaped structure lying on 
the posterolateral aspect of testis medial 
to vas deferens.
It has head, body, and tail.
Head is formed by efferent ductules 
derived from the rete testis.
These efferent ductules form the canal 
of epididymis, which passes through the 
body and tail.
Tail continues as vas deferens.

Microscopic Structure of 
Epididymis

Section of epididymis shows the tubules 
lined by pseudostratified columnar 
epithelium with stereocilia.
The epithelium consists of two types of 
cells (Fig. 19.6):

 Principal cells:

 Principal cells are tall columnar cells 
with basal elongated nuclei.

 Apical portion of cells contain micro-
villi known as stereocilia.

 These cells secrete glycoprotein, 
which helps in the maturation of 
sperms.

 Basal cells:
 Basal cells do not reach the lumen.
 Basal cells act as stem cells.

Surrounding the tubules there is a layer 
of circularly arranged smooth muscles. 
Rhythmic contraction of these smooth 
muscles helps in the expulsion of sperms 
during ejaculation (Fig. 19.7).

Functions of Epididymis

Storage and maturation of sperms.
Epithelial cells phagocytose the degener-
ated sperms and residual bodies.
Secretion of epididymis adds to the bulk 
of semen.

Fig. 19.5 Schematic diagram of structure of Sertoli cells.
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Identification Points (Fig. 19.7)
1. Sections of tubules lined by pseudostratified columnar epithelium with stereocilia.
2. Lumen of tubules shows sperms.
3. Tubules are surrounded by smooth muscle cells.

Fig. 19.6 Diagram of epididymis (H&E pencil). H&E, hematoxylin and eosin.

Fig. 19.7 Section of epididymis in low magnification (H&E stain). H&E, 
hematoxylin and eosin.
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Vas Deferens
It is a thick muscular tube which conveys the 
sperm to the ejaculatory duct.

Microscopic Structure of Vas 
Deferens

The wall of vas deferens consists of the 
following:

 Mucosa:
 Mucosa is thrown into numerous 
folds giving the lumen a star-shaped 
appearance.

 It is lined by pseudostratified 
colum nar epithelium.

 The epithelium is supported by 
lamina propria and contains elastic 
fibers.

 Muscular layer:
 It is a very thick layer.
 It is arranged in the  form of inner 
and outer longitudinal layer and 
middle circular layer.

 Connective tissue layer (adventitia):
 Made up of fibroelastic connective 
tissue carrying blood vessels and 
nerves (Figs. 19.8 and 19.9).

Fig. 19.8 Diagram of vas deferens (H&E pencil). H&E, hematoxylin and eosin.
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Prostate
Prostate is a fibromuscular gland surrounding 
the neck of urinary bladder.

Microscopic Structure of 
Prostate

Prostate is surrounded by thick capsule, 
which is adherent to the gland.
It sends numerous fibromuscular septa 
surrounding the glandular tissue.
It is made up of 30 to 50 compound tubu-
loalveolar glands embedded in the fibro-
muscular stroma.

These glands are arranged in the form of 
numerous follicles.
Each follicle is lined by simple or pseu-
dostratified columnar epithelium which 
is thrown into numerous folds.
Secretions from these glands drain into 
excretory ducts.
Ducts are lined by bilayered epithelium—
cells toward the lumen are columnar and 
basal cells are cuboidal. 
The fibromuscular stroma is made up 
of collagen fibers and smooth muscles, 
running in various directions (Figs. 19.10 
and 19.11).

Identification Points (Fig. 19.9)
1. Vas deferens is made up of three layers—mucosa, muscular layer, and adventitia.
2. Mucosa is lined by simple columnar/pseudostratified columnar epithelium.
3. Thick muscular coat is made up of inner and outer longitudinal muscle layers and middle 

circular layer.

Fig. 19.9 Section of vas deferens in low magnification (H&E stain). H&E, hematoxylin and 
eosin.
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Identification Points (Fig. 19.11)
1. It consists of prostatic acini separated by fibromuscular stroma.
2. Mucosa of acini is thrown into folds lined by simple columnar epithelium.
3. Lumen of acini shows corpora amylacea.

Fig. 19.10 Diagram of prostate gland (H&E pencil). H&E, hematoxylin and eosin.

Fig. 19.11 Section of prostate gland in low magnification (H&E stain). H&E, 
hematoxylin and eosin.
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Prostatic Glands

The glands of prostate are divided into 
three zones arranged around the prostatic 
urethra (Fig. 19.12):

 Inner mucous glands: Simple tubular 
glands directly opening into urethra 
with small ducts.

 Intermediate submucous glands: 
Tubuloalveolar glands opening into 
prostatic sinuses through its long duct.

 Outer main gland: Tubuloalveolar 
glands opening into prostatic sinuses 
through its long duct.

Zones of Prostate

Based on the size and nature of glands, 
prostate can be divided into the following 
zones: 

 Outer zone (peripheral zone) consisting 
of main prostatic glands. This zone is 
more prone to carcinoma prostate.

 Inner zone consists of mucous glands. 
This zone is a site of benign prostatic 
hypertrophy (BPH).

Prostatic Concretion

In aged persons, the lumen of follicle 
contains lamellated aggregations of 
prostatic secretions, which are rich in 
glycoprotein.
These secretions are often calcified.
These are known as corpora amylacea.

Fig. 19.12 Glands of prostate.
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Applied Aspects
Factors affecting spermatogenesis are as follows:

 Dietary deficiency of vitamins A, B12, and C.
 Developmental disorders such as cryptorchidism, hypospadias reduce semen quality 
and fertility.

 Systemic diseases and local infections.
 Steroid hormones.

Sperm-specific antibodies:
 Proteins of secondary spermatocytes, spermatids, and spermatozoa are isolated from 
the immune system by the blood–testis barrier.

 Breakage of this barrier may lead to the formation of sperm-specific antibodies 
resulting in infertility.

Questions 

1. What is spermatogenesis?
2. What is spermiogenesis?
3. Enumerate the functions of Sertoli cells.
4. What is blood–testis barrier?
5. Name the cells lining the tubules of epididymis.
6. Enumerate the functions of epididymis.
7. Classify the glands of prostate with its clinical significance.
8. What are corpora amylacea?
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Introduction

They are ductless glands which pour their 
secretions (hormones) into the blood 
stream.
Cells of endocrine glands are arranged in 
the cords/clumps or follicles surrounded 
by rich network of blood capillaries or 
sinusoids. Sinusoids are typically lined by 
fenestrated endothelial cells.
List of endocrine glands is as follows:

 Pituitary gland.
 Supra renal gland.
 Thyroid gland.
 Pancreas (partly exocrine and partly 
endocrine; explained in Chapter 16).

Pituitary Gland 
(Hypophysis Cerebri)

Introduction

Pituitary gland is suspended from the floor 
of the third ventricle by infundibulum.
It has two main parts: adenohypophysis 
and neurohypophysis. Each of which 
differ in embryological origin, structure, 
and function (Fig. 21.1).

Fig. 21.1 Schematic diagram of pituitary gland.
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Microscopic Structure of 
Pituitary Gland

Adenohypophysis (Anterior Lobe)

It is divided into three parts (Figs. 21.2 
and 21.3), namely:

 Pars anterior/pars distalis. 
 Pars intermedia.
 Pars tuberalis.

Pars anterior and pars intermedia are 
separated by intraglandular cleft.
Pars tuberalis surrounds the infundibulum.

Pars Anterior/Pars Distalis

The cells of pars anterior are arranged in 
the form of cords separated by fenestrated 
sinusoids.
These cells are grouped into two types, 
which are as follows:

 Chromophils: Contain darkly stained 
secretory granules in the cytoplasm.

 Chromophobes: Granules are not 
prominent (Fig. 21.4).

Chromophil Cells

They constitute 50% of the cell population.
They are classified into acidophils and 
basophils. 

 Acidophils/Alpha cell (40%): They 
contain granules that stain with acidic 
dyes.

 Types of acidophils:
 Somatotrophs: Produce growth 

hormone or somatotrophic hormone 
that stimulate body growth before 
puberty.

 Mammotrophs (lactotrophs): Produce 
prolactin. During pregnancy and 
lactation, it stimulates the growth 
and activity of mammary glands.

 Basophils/beta cells (10%): Contain 
granules that stain with basic dyes.

 Types of basophils:
 Corticotrophs: Produce adrenocorti-
cotrophic hormone (ACTH). It helps 
in the release of glucocorticoids 
from zona fasciculata of suprarenal 
cortex.

Fig. 21.2 Diagram of pituitary gland (H&E pencil). H&E, hematoxylin and eosin.
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Fig. 21.3 Section of pituitary gland in low magnification (H&E stain). H&E, hematoxylin 
and eosin.

Fig. 21.4 Section of pars anterior in high magnification (H &E stain). H&E, hematoxylin 
and eosin.
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 Thyrotrophs: Secrete thyroid stimu-
lating hormone (TSH) that helps in 
the release of T3 and T4 from thyroid 
gland into the circulation.

 Gonadotrophs: Secrete follicle stim-
ulating hormone (FSH) and lutein-
izing hormone (LH).

In females, FSH helps in the growth and 
maturation of ovarian follicle, thereby 
releasing estrogen. In males, it promotes 
spermatogenesis.
In females, LH induces ovulation resulting 
in the formation of corpus luteum and 
release of progesterone. In males, it 
induces the production of testosterone 
from interstitial cells of Leydig.

Chromophobes

They constitute 50% of the cell population.
These are degranulated chromophils. 
They act as stem cells and give rise to 
chromophils.
Chromophobes stain lightly because of 
few granules.

Pars Intermedia

It is poorly developed in humans.
It consists of colloid-filled follicles sur- 
rounded by basophils and chromophobes.
It produces melanocyte stimulating 
hormone in amphibians. In humans, the 
function is not clear.

Pars Tuberalis

It is composed of blood vessels and undif-
ferentiated cells.

Neurohypophysis (Posterior Lobe)

It consists of three parts, namely:
 Infundibulum: It is a stalk connecting 
the pars nervosa with hypothalamus.

 Pars nervosa: It lies posterior to the 
pars intermedia.

 Median eminence: It is an area where 
the infundibulum is attached to the 
third ventricle.

Pars Nervosa/Pars Posterior

It consists of unmyelinated nerve fibers.
These unmyelinated nerve fibers are 
the axons of neurons located in the 
supraoptic and paraventricular nuclei of 
hypothalamus.
In between the axons special types of 
supporting cells (neuroglial cells) known 
as pituicytes are seen.
Supraoptic nuclei secrete vasopressin/
antidiuretic hormone (ADH) that control 
the water reabsorption in distal convo-
luted tubule and collecting duct.
Paraventricular nuclei secrete oxytocin. 
Oxytocin causes smooth muscles of uterus 
to contract during labor, and it also helps 
in milk ejection reflex because of contrac-
tion of myoepithelial cells in mammary 
gland during suckling.
The hormones secreted by these nuclei 
travel through the axons of pars poste-
rior and get stored at their dilated nerve 
terminals known as Herring bodies.
From Herring bodies they are released into 
sinusoids of pars posterior (Hypothalamo-
hypophyseal tract).
Hence, pars posterior does not secrete 
the hormones instead stores the hormone 
synthesized by the hypothalamus 
(Fig. 21.5).

Suprarenal Gland/
Adrenal Gland

Introduction

These are endocrine glands located in the 
upper pole of each kidney.
Suprarenal gland is surrounded by con- 
nective tissue capsule from which septa 
extend into the substance of the gland.
 It is divided into two distinct parts which 
differ structurally, functionally, and 
embryologically. 
It comprises of a superficial part called 
cortex and a deep part called medulla.
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Identification Points (Figs. 21.3–21.5)
1. Pars anterior is made up of chromophobes and chromophils arranged in the form of cords 

separated by sinusoids.
2. Pars intermedia contains colloid-filled follicles.
3. Pars posterior is made up of unmyelinated axons and pituicytes.

Fig. 21.5 Section of pars posterior in high magnification (H&E stain). H&E, hematoxylin and 
eosin.

Suprarenal Cortex

It comprises of three cellular zones 
(Fig. 21.6–21.8), namely:

 Zona glomerulosa:
 It is the outer zone deep to capsule 
(subcapsular).

 It forms one-fifth of cortex.
 It comprises of small polyhedral/
columnar cells arranged as inverted 
U-shaped arches or acini-like 
groups. The cells have deep staining 
nuclei with basophilic cytoplasm.

 Zona fasciculata:
 It forms three-fifth of cortex.
 It consists of polyhedral cells 
arranged in straight columns that 
are two cell thick. Sinusoids are 
pre sent in between the columns. The 
cells are polyhedral with basophilic 

cytoplasm with many lipid drop-
lets giving them a vacuolated 
appearance.

 Zona reticularis:
 It forms inner one-fifth of cortex. 
 It is made up of small irregular anas-
tomosing cords of cells separated 
by sinusoids containing lipofuschin 
pigment. The cells are smaller, 
acidophilic with less lipid droplets.

Hormones Secreted by Cortex

Zona glomerulosa secretes mineralocorti-
coid. For example, aldosterone that regu-
lates electrolyte and water balance.
Zona fasciculata secretes glucocorticoids. 
For example, cortisol that plays an impor-
tant role in metabolism of carbohydrates, 
proteins, and fat. 
Zona reticularis secretes sex hormones.
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Fig. 21.6 Diagram of suprarenal gland (H&E pencil). H&E, hematoxylin and eosin.

Fig. 21.7 Section of suprarenal gland in low magnification (4×) (H&E stain). H&E, 
hematoxylin and eosin.
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Suprarenal Medulla

It is composed of groups and columns 
of chromaffin cells (phaeochromocytes) 
separated by wide sinusoids.
Chromaffin cells are columnar polyhedral 
cells with basophilic cytoplasm.
Chromaffin cells are so called because 
of their reaction to dichromate fixatives 
(granules of these cells stain yellow with 
chromium salt—chromaffin reaction).
Chromaffin cells are modified postgangli-
onic sympathetic neurons derived from 
neural crest.
Apart from chromaffin cells, ganglion cells 
are also present in medulla.
Cells of medulla secrete adrenalin and 
noradrenalin.

Thyroid Gland

Introduction

It is a bilobed endocrine gland located in 
the neck in front of larynx and trachea.

Microscopic Structure of 
Throid Gland

It is surrounded by connective tissue 
capsule.
Septa arising from capsule divide the 
gland into many lobes and lobules.

Fig. 21.8 Section of suprarenal gland in low magnification (10×) (H&E stain).  
H&E, hematoxylin and eosin.  
Note: 1, capsule; 2, zona glomerulosa; 3, zona fasciculata; 4, zona reticularis;  
5, medulla.

Identification Points (Figs. 21.7 and 21.8)
1. Suprarenal gland consists of outer cortex and inner medulla.
2. Cortex is made up of zona glomerulosa, zona fasciculata, and zona reticularis.
3. Medulla is made up of polyhedral chromaffin cells and sympathetic neuron.
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Each lobule is made up of aggregation of 
follicles.
Each follicle is lined by follicular cells 
resting on a basement membrane.
Each follicle has a center filled with colloid. 
Colloids are eosinophilic containing iodi-
nated thyroglobulin.
Follicular cells vary in shape, depending 
on the level of activity which is controlled 
by TSH.
Resting or inactive follicles are lined by 
squamous epithelium with abundant 
colloid.
Moderately active follicle are lined by 
cuboidal epithelium with moderate 
colloid.
Highly active follicles are lined by 
columnar epithelium and colloid is scanty.
Follicular cells secrete two hormones: 

triiodothyronine (T3) and tetraiodothyro-
nine (T4).
Spaces between follicles are filled 
with connective tissue containing 
numerous capil laries and lymphatics 
(Figs. 21.9–21.11).

Parafollicular Cells/C Cells

Thyroid parenchyma also contains C cells 
that are present either in between follicles 
or between follicular cell and basement 
membrane.
C cells are polyhedral with pale cytoplasm 
and oval eccentric nucleus.
C cells are derived from neural crest cells.
They secrete calcitonin.
Calcitonin lowers blood calcium level by 
initiating bone resorption.

Fig. 21.9 Diagram of thyroid gland (H&E pencil). H&E, hematoxylin and eosin.
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Identification Points (Figs. 21.10 and 21.11)
1. Thyroid gland is made up of thyroid follicles lined by cuboidal epithelium.
2. Follicles are filled with colloid.
3. Parafollicular cells are in between the follicle.

Fig. 21.10 Section of thyroid gland in low magnification (H&E stain). H&E, hematoxylin and 
eosin.

Fig. 21.11 Section of thyroid gland in high magnification (H&E stain).
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Applied Aspects
Pituitary adenoma:

 Pituitary adenomas are benign tumors.
 Acidophil adenoma causes excessive production of growth hormone, resulting in 
gigantism before puberty and acromegaly in adults.

 Basophil adenoma causes excessive production of ACTH, leading to Cushing’s syndrome.
Diabetes insipidus:

 Lesion of posterior pituitary results in decreased secretion of ADH, resulting in diabetes 
insipidus.

Hyperadrenalism:
 It results in increased production of glucocorticoids, causing Cushing’s syndrome.
 Increased production of mineralocorticoids result in Conn’s syndrome.

Hypoadrenalism:
 It results in decreased production of mineralocorticoid, leading to Addison’s disease.

Pheochromocytoma:
 These are tumors of adrenal medulla, resulting in increased secretion of catecholamine.

Hyperthyroidism/Thyrotoxicosis:
 It is caused by excessive secretion of thyroid hormone.

Hypothyroidism:
 It is caused by inadequate secretion of thyroid hormone, resulting in cretinism in child-
hood and myxedema in adults.

Questions 

1. How does the pituitary gland develop?
2. Name the different parts of pituitary gland.
3. Name the hormones produced by the anterior pituitary.
4. Name the hormones related to posterior pituitary.
5. What are Herring bodies?
6. What are pituicytes?
7. What is hypothalamo-hypophyseal system?
8. What do you understand by development of suprarenal gland?
9. Name the layers of cortex and the hormones secreted by them.

10. What is chromaffin reaction?
11. Name the hormones of adrenal medulla.
12. What are the epithelial changes related to the activity of thyroid follicle?
13. What are colloids?
14. What are parafollicular cells and what do they secrete?
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