
Date

Questions and Answers on Female 
Genital System Histology

Thursday, 14 February 13



✤ Q1-describe stromal cells as regards site,shape,arrangement and functions.
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✤ Site: cortex of ovary between ovarian follicles in cortical stroma.

✤ Shape; spindle fibroblast-like

✤ Arranged in whorled pattern
✤ Functions: support,theca formation,secrete steroids(oestrogen and 

androgen)
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✤ Q2-Distinguish between primordial and unilaminar primary follicle. 
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Primordial Follicles

• 	
Located directly under tunica albuginea.

•	
They are formed during fetal life, and at birth the 
cortex is packed by large number of them.

•	
Each consists of a primary oocyte surrounded by a 
single layer of flat follicular cells.

•	
The primary oocyte is about 25 µm in diameter with a 
large vesicular nucleus and clear nucleolus. It contains 
numerous mitochondria, Golgi and rER. It contains 
diploid no. of chromosomes. 5
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Primary follicle
 They develop from the primordial follicles at puberty under 

effect of FSH 

 a. Unilaminar primary follicles:

  – The primary oocyte enlarges in size (40 µm), and is 

arrested in the prophase of 1st meiotic division.

  – The surrounding layer of follicular cells becomes 

cuboidal.

6
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epithelial tumors may be related to repeated disruption
and repair of the germinal epithelium that occurs during
ovulations.

Ovarian follicles provide the microenvironment for the
developing oocyte.

Ovarian follicles of various sizes, each containing a single
oocyte, are distributed in the stroma of the cortex. The size of a
follicle indicates the developmental state of the oocyte. Early
stages of oogenesis occur during fetal life when mitotic divi-
sions massively increase the number of oogonia (see the section
on oogenesis). The oocytes present at birth remain arrested in
development at the first meiotic division (see page 92). During
puberty, small groups of follicles undergo cyclic growth and
maturation. The first ovulation generally does not take place
for a year or more after menarche. A cyclic pattern of follicular
maturation and ovulation is then established that continues in
parallel with the menstrual cycle. Normally, only one oocyte
reaches full maturity and is released from the ovary during each
menstrual cycle. Obviously, the maturation and release of more
than one egg at ovulation may lead to multiple zygotes. During
the reproductive life span, a woman produces only about 400
mature ova. Most of the estimated 600,000 to 800,000 pri-
mary oocytes present at birth do not complete maturation and
are gradually lost through atresia, the spontaneous death and
subsequent resorption of immature oocytes. This process be-
gins as early as the fifth month of fetal life and is mediated by
apoptosis of cells surrounding the oocyte. Atresia reduces the

number of primary oocytes in a logarithmic fashion through-
out life from as many as 5 million in the fetus to less than 20%
of that number at birth. The oocytes that remain at menopause
degenerate within a few years.

Follicle Development

Histologically, three basic types of ovarian follicles can be
identified on the basis of developmental state:

• primordial follicles;

• growing follicles which are further subcategorized as pri-
mary and secondary (or antral) follicles; and

• mature follicle or Graafian follicles.

Some histologists and clinicians identify additional stages
in the continuum of follicular development. In the cycling
ovary, follicles are found at all stages of development, but pri-
mordial follicles predominate.

The primordial follicle is the earliest stage of follicular de-
velopment.

Primordial follicles first appear in the ovaries during the
third month of fetal development. Early growth of the primor-
dial follicles is independent of gonadotropin stimulation. In
the mature ovary, primordial follicles are found in the stroma
of the cortex just beneath the tunica albuginea. A single layer
of squamous follicle cells surrounds the oocyte (Fig. 23.3 and
Plate 92, page 872). The outer surface of the follicle cells is
bounded by a basal lamina. At this stage, the oocyte and the
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FIGURE 23.3 • Primordial follicle. a. Schematic drawing of a primordial follicle shows the oocyte arrested in prophase of the first
meiotic division. The oocyte is closely surrounded by a single layer of squamous follicle cells. The outer surface of these cells is
separated from the connective tissue by a basal lamina. The ooplasm contains characteristic organelles, as seen with the electron
microscope, including a Balbiani body, annulate lamellae, and small spherical mitochondria. b. This photomicrograph of primordial
follicles shows the oocytes surrounded by a single layer of flattened follicle cells (FC). Usually, the nucleus (N) of the oocyte is in an
eccentric position. Two oocytes in which the nucleus is not included in the plane of section are indicated (X ). Similarly, there are two
follicles (arrows) in which the follicle cells are revealed in face or tangential view and the enclosed oocytes are not included in the
section. !640.
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surrounding follicle cells are closely apposed to one another.
The oocyte in the follicle measures about 30 !m in diameter
and has a large, eccentric nucleus that contains finely dispersed
chromatin and one or more large nucleoli. The cytoplasm of
the oocyte, referred to as ooplasm, contains a  Balbiani body
(Fig. 23.3a). At the ultrastructural level, the Balbiani body is
revealed as a localized accumulation of Golgi membranes and
vesicles, endoplasmic reticulum, numerous mitochondria, and
lysosomes. In addition, human oocytes contain annulate
lamellae, and numerous small vesicles are scattered through-
out the cytoplasm along with small, spherical mitochondria.
Annulate lamellae resemble a stack of nuclear envelope pro-
files. Each layer of the stack includes pore structures that are
morphologically identical to nuclear pores.

The primary follicle is the first stage in the development
of the growing follicle.

As a primordial follicle develops into a growing follicle,
changes occur in the oocyte, in the follicle cells, and in the ad-
jacent stroma. Initially, the oocyte enlarges, and the surround-
ing flattened follicle cells proliferate and become cuboidal. At
this stage—that is, when the follicle cells become cuboidal—
the follicle is identified as a primary follicle. As the oocyte
grows, it secretes specific proteins that are assembled into an
extracellular coat called the zona pellucida. It appears be-
tween the oocyte and the adjacent follicle cells (Fig. 23.4). The
zonal pellucida in humans is composed of three classes of
 sulfated acidic zona pellucida (ZP)  glycoproteins termed
ZP-1 (80 to 120 kilodaltons), ZP-2 (73 kilodaltons), and ZP-3
(59 to 65 kilodaltons). Of the three, the most important is the
ZP-3, which functions as the spermatozoa-binding receptor
and inducer of the acrosome reaction (see page 841); ZP-2 is

 believed to act as a secondary spermatozoa-binding protein,
and ZP-1 has not yet been functionally characterized. In the
light microscope, zona pellucida is clearly visible as a homoge-
neous and refractile layer that stains deeply with acidophilic
stains and with the periodic acid–Schiff (PAS) reagents (Plate
92, page 872). It is first apparent when the oocyte, surrounded
by a single layer of cuboidal or columnar follicle cells, has
grown to a diameter of 50 !m to 80 !m.

Follicle cells undergo stratification to form the granulosa
layer of the primary follicle.

Through rapid mitotic proliferation, the single layer of follicle
cells gives rise to a stratified epithelium, the membrana
granulosa (stratum granulosum), surrounding the oocyte.
The follicle cells are now identified as granulosa cells. The
basal lamina retains its position between the outermost layer
of the follicle cells, which become columnar, and the connec-
tive tissue stroma.

During follicular growth, extensive gap junctions develop
between granulosa cells. Unlike Sertoli cells in the testis, how-
ever, the basal layer of the granulosa cells does not possess
elaborate tight junctions (zonulae occludentes), indicating
the absence of a blood–follicle barrier. Movement of nutri-
ents and small informational macromolecules from the blood
into the follicular fluid is essential for normal development of
the ovum and follicle.

Connective tissue cells form the theca layers of the pri-
mary follicle.

As the granulosa cells proliferate, stromal cells immediately
surrounding the follicle form a sheath of connective tissue
cells, known as the theca folliculi, just external to the basal

834

PRIMARY FOLLICLE

stromal cells
forming

zona
pellucida

oocyte
a

follicle cells

bbbbb

FCFCFCFCFC

FIGURE 23.4 • Early primary follicle. a. Schematic drawing of a primary follicle in an early stage of development. Note the formation
of the zona pellucida between the oocyte and the adjacent follicle cells. A single layer of cuboidal follicle cells surrounds the growing
oocyte. b. Photomicrograph of a primary follicle. Note the distinct layer of follicle cells (FC) surrounding the oocyte. "640.
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Answer Key points

✤ Time of development.

✤ Site in ovary.

✤ Size of primary oocyte.

✤ Surrounding cell.
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Ovary

✤ Q 3-Distinguish between unilaminar and 
multilaminar primary follicles
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lamina (Fig. 23.5). The theca folliculi further differentiates
into two layers:

• The theca interna is the inner, highly vascularized layer
of cuboidal secretory cells (Plate 93, page 874). The fully
differentiated cells of the theca interna possess ultrastruc-
tural features characteristic of steroid-producing cells.
Cells of the theca interna possess a large number of
luteinizing hormone (LH) receptors. In response to
LH stimulation, they synthesize and secrete the androgens
that are the precursors of estrogen. In addition to secre-
tory cells, the theca interna contains fibroblasts, collagen
bundles, and a rich network of small vessels typical of
 endocrine organs.

• The theca externa is the outer layer of connective tissue
cells. It contains mainly smooth muscle cells and bundles
of collagen fibers.

Boundaries between the thecal layers and between the
theca externa and surrounding stroma are not distinct. How-
ever, the basal lamina between the granulosa layer and the
theca interna establishes a distinct boundary between these
layers. It separates the rich capillary bed of the theca interna
from the granulosa layer, which is avascular during the period
of follicular growth.

Maturation of the oocyte occurs in the primary follicle.

The distribution of organelles changes as the oocyte matures.
Multiple, dispersed Golgi elements derived from the single
Balbiani body of the primordial oocyte become scattered
in the cytoplasm. The number of free ribosomes, mito -
chondria, small vesicles, and multivesicular bodies and the
amount of rough-surfaced endoplasmic reticulum (rER) in-
crease. Occasional lipid droplets and masses of lipochrome
pigment may also be seen. The oocytes of many species, in-
cluding mammals, exhibit specialized secretory vesicles
known as cortical granules (see Fig. 23.5a). They are lo-
cated just beneath the oolemma (oocyte’s plasma mem-
brane). The granules contain proteases that are released by
exocytosis when the ovum is activated by the sperm (dis-
cussed in the section on fertilization).

Numerous irregular microvilli project from the oocyte
into the perivitelline space between the oocyte and the sur-
rounding granulosa cells as the zona pellucida is deposited
(see Fig. 23.5). At the same time, slender processes from the
granulosa cells develop and project toward the oocyte, inter-
mingling with oocyte microvilli and, occasionally, invaginat-
ing into the oocyte plasma membrane. The processes may
contact the plasma membrane but do not establish cytoplas-
mic continuity between the cells.
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FIGURE 23.5 • Late primary follicle. a. Schematic drawing of a late
primary follicle shows a multilayered mass of granulosa cells
(differentiated from follicle cells) surrounding the oocyte. Note that the
innermost layer of granulosa cells is adjacent to the zona pellucida,
and the outermost layer of these cells rests on the basal lamina, which
is adjacent to the stromal cells now called the theca folliculi. The
Balbiani body at this stage reorganizes into multiple Golgi units, and
cortical granules appear in the cytoplasm. The wedge-shaped
enlargement depicts the ultrastructure of an oocyte and adjacent
follicle cells. Numerous microvilli from the oocyte and slender
processes from the granulosa cells extend into the zona pellucida that
surrounds the oocyte. Processes of the granulosa cells contact the
plasma membrane of the oocyte. b. Photomicrograph of a late primary
follicle (monkey). Multiple layers of granulosa cells (GC) can be seen
surrounding the primary oocyte. The zona pellucida (ZP) is present
between the oocyte and follicle cells. !160.
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surrounding follicle cells are closely apposed to one another.
The oocyte in the follicle measures about 30 !m in diameter
and has a large, eccentric nucleus that contains finely dispersed
chromatin and one or more large nucleoli. The cytoplasm of
the oocyte, referred to as ooplasm, contains a  Balbiani body
(Fig. 23.3a). At the ultrastructural level, the Balbiani body is
revealed as a localized accumulation of Golgi membranes and
vesicles, endoplasmic reticulum, numerous mitochondria, and
lysosomes. In addition, human oocytes contain annulate
lamellae, and numerous small vesicles are scattered through-
out the cytoplasm along with small, spherical mitochondria.
Annulate lamellae resemble a stack of nuclear envelope pro-
files. Each layer of the stack includes pore structures that are
morphologically identical to nuclear pores.

The primary follicle is the first stage in the development
of the growing follicle.

As a primordial follicle develops into a growing follicle,
changes occur in the oocyte, in the follicle cells, and in the ad-
jacent stroma. Initially, the oocyte enlarges, and the surround-
ing flattened follicle cells proliferate and become cuboidal. At
this stage—that is, when the follicle cells become cuboidal—
the follicle is identified as a primary follicle. As the oocyte
grows, it secretes specific proteins that are assembled into an
extracellular coat called the zona pellucida. It appears be-
tween the oocyte and the adjacent follicle cells (Fig. 23.4). The
zonal pellucida in humans is composed of three classes of
 sulfated acidic zona pellucida (ZP)  glycoproteins termed
ZP-1 (80 to 120 kilodaltons), ZP-2 (73 kilodaltons), and ZP-3
(59 to 65 kilodaltons). Of the three, the most important is the
ZP-3, which functions as the spermatozoa-binding receptor
and inducer of the acrosome reaction (see page 841); ZP-2 is

 believed to act as a secondary spermatozoa-binding protein,
and ZP-1 has not yet been functionally characterized. In the
light microscope, zona pellucida is clearly visible as a homoge-
neous and refractile layer that stains deeply with acidophilic
stains and with the periodic acid–Schiff (PAS) reagents (Plate
92, page 872). It is first apparent when the oocyte, surrounded
by a single layer of cuboidal or columnar follicle cells, has
grown to a diameter of 50 !m to 80 !m.

Follicle cells undergo stratification to form the granulosa
layer of the primary follicle.

Through rapid mitotic proliferation, the single layer of follicle
cells gives rise to a stratified epithelium, the membrana
granulosa (stratum granulosum), surrounding the oocyte.
The follicle cells are now identified as granulosa cells. The
basal lamina retains its position between the outermost layer
of the follicle cells, which become columnar, and the connec-
tive tissue stroma.

During follicular growth, extensive gap junctions develop
between granulosa cells. Unlike Sertoli cells in the testis, how-
ever, the basal layer of the granulosa cells does not possess
elaborate tight junctions (zonulae occludentes), indicating
the absence of a blood–follicle barrier. Movement of nutri-
ents and small informational macromolecules from the blood
into the follicular fluid is essential for normal development of
the ovum and follicle.

Connective tissue cells form the theca layers of the pri-
mary follicle.

As the granulosa cells proliferate, stromal cells immediately
surrounding the follicle form a sheath of connective tissue
cells, known as the theca folliculi, just external to the basal
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FIGURE 23.4 • Early primary follicle. a. Schematic drawing of a primary follicle in an early stage of development. Note the formation
of the zona pellucida between the oocyte and the adjacent follicle cells. A single layer of cuboidal follicle cells surrounds the growing
oocyte. b. Photomicrograph of a primary follicle. Note the distinct layer of follicle cells (FC) surrounding the oocyte. "640.
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lamina (Fig. 23.5). The theca folliculi further differentiates
into two layers:

• The theca interna is the inner, highly vascularized layer
of cuboidal secretory cells (Plate 93, page 874). The fully
differentiated cells of the theca interna possess ultrastruc-
tural features characteristic of steroid-producing cells.
Cells of the theca interna possess a large number of
luteinizing hormone (LH) receptors. In response to
LH stimulation, they synthesize and secrete the androgens
that are the precursors of estrogen. In addition to secre-
tory cells, the theca interna contains fibroblasts, collagen
bundles, and a rich network of small vessels typical of
 endocrine organs.

• The theca externa is the outer layer of connective tissue
cells. It contains mainly smooth muscle cells and bundles
of collagen fibers.

Boundaries between the thecal layers and between the
theca externa and surrounding stroma are not distinct. How-
ever, the basal lamina between the granulosa layer and the
theca interna establishes a distinct boundary between these
layers. It separates the rich capillary bed of the theca interna
from the granulosa layer, which is avascular during the period
of follicular growth.

Maturation of the oocyte occurs in the primary follicle.

The distribution of organelles changes as the oocyte matures.
Multiple, dispersed Golgi elements derived from the single
Balbiani body of the primordial oocyte become scattered
in the cytoplasm. The number of free ribosomes, mito -
chondria, small vesicles, and multivesicular bodies and the
amount of rough-surfaced endoplasmic reticulum (rER) in-
crease. Occasional lipid droplets and masses of lipochrome
pigment may also be seen. The oocytes of many species, in-
cluding mammals, exhibit specialized secretory vesicles
known as cortical granules (see Fig. 23.5a). They are lo-
cated just beneath the oolemma (oocyte’s plasma mem-
brane). The granules contain proteases that are released by
exocytosis when the ovum is activated by the sperm (dis-
cussed in the section on fertilization).

Numerous irregular microvilli project from the oocyte
into the perivitelline space between the oocyte and the sur-
rounding granulosa cells as the zona pellucida is deposited
(see Fig. 23.5). At the same time, slender processes from the
granulosa cells develop and project toward the oocyte, inter-
mingling with oocyte microvilli and, occasionally, invaginat-
ing into the oocyte plasma membrane. The processes may
contact the plasma membrane but do not establish cytoplas-
mic continuity between the cells.
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FIGURE 23.5 • Late primary follicle. a. Schematic drawing of a late
primary follicle shows a multilayered mass of granulosa cells
(differentiated from follicle cells) surrounding the oocyte. Note that the
innermost layer of granulosa cells is adjacent to the zona pellucida,
and the outermost layer of these cells rests on the basal lamina, which
is adjacent to the stromal cells now called the theca folliculi. The
Balbiani body at this stage reorganizes into multiple Golgi units, and
cortical granules appear in the cytoplasm. The wedge-shaped
enlargement depicts the ultrastructure of an oocyte and adjacent
follicle cells. Numerous microvilli from the oocyte and slender
processes from the granulosa cells extend into the zona pellucida that
surrounds the oocyte. Processes of the granulosa cells contact the
plasma membrane of the oocyte. b. Photomicrograph of a late primary
follicle (monkey). Multiple layers of granulosa cells (GC) can be seen
surrounding the primary oocyte. The zona pellucida (ZP) is present
between the oocyte and follicle cells. !160.
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Primary follicle
 They develop from the primordial follicles at puberty under effect of 

FSH 
 a. Unilaminar primary follicles:
  – The primary oocyte enlarges in size (40 µm), and is arrested in 

the prophase of 1st meiotic division.
  – The surrounding layer of follicular cells becomes cuboidal.

   B-Multilaminar (pre-antral) primary follicles:  
★  The primary oocyte reaches about 50 µm.
★  The surrounding follicular cells proliferate to form granulosa 

cells.
★  A thick glycoprotein layer, the zona pellucida, is formed between 

the primary oocyte and the granulosa cells. Both the oocyte and 
granulosa cells are believed to be responsible for synthesis of this 
layer.

★  Ovarian stromal cells become arranged in concentric layers around 
the enlarging follicle forming theca folliculi.

14
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✤Q4-Distinguish between primary and 
secondary follicles
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Secondary (antral)follicle
 Ð A liquid (liquor folliculi) is secreted by granulosa cells and 

begins to accumulate between them. This fluid contains 
glycosaminoglycans and several proteins (steroid-binding 

proteins).

 – The small spaces between the granulosa cells that contain the 

liquor folliculi coalesce together to form a large cavity called 
the antrum.

 – The primary oocyte enlarges in size (120 µm) and is pushed 

to one side.
 – The theca folliculi differentiates into an inner theca interna 

layer and an outer theca externa layer.
16
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The secondary follicle is characterized by a fluid-containing
antrum.

The primary follicle initially moves deeper into the cortical
stroma as it increases in size, mostly through proliferation of
the granulosa cells. Several factors are required for oocyte and
follicular growth:

• Follicle-stimulating hormone (FSH)

• Growth factors (e.g., epidermal growth factor [EGF],
 insulin-like growth factor I (IGF-I))

• Calcium ions (Ca2!)

When the stratum granulosum reaches a thickness of 6 to
12 cell layers, fluid-filled cavities appear among the granulosa
cells (Fig. 23.6). As the hyaluronan-rich fluid called liquor fol-
liculi continues to accumulate among the granulosa cells, the
cavities begin to coalesce, eventually forming a single, crescent-
shaped cavity called the antrum. The follicle is now identified
as a secondary follicle or antral follicle (Plate 93, page 874).
The eccentrically positioned oocyte, which has attained a di-
ameter of about 125 !m, undergoes no further growth. The
inhibition of growth is achieved by the presence of a small,
1- to 2-kilodalton peptide called oocyte maturation inhibitor

(OMI), which is secreted by the granulosa cells into the antral
fluid. A direct correlation is observed between the size of the
secondary follicle and OMI concentration. The concentration
is highest in small follicles and lowest in mature follicles. The
follicle, which was 0.2 mm in diameter as an early secondary
follicle when the fluid first appeared, continues to grow and
reaches 10 mm or more in diameter.

Cells of the cumulus oophorus form a corona radiata
around the secretory follicle oocyte.

As the secondary follicle increases in size, the antrum, lined
by several layers of granulosa cells, also enlarges (Fig. 23.7).
The stratum granulosum has a relatively uniform thickness ex-
cept for the region associated with the oocyte. Here the gran-
ulosa cells form a thickened mound, the cumulus oophorus,
which projects into the antrum. The cells of the cumulus
oophorus that immediately surround the oocyte and remain
with it at ovulation are referred to as the corona radiata. The
corona radiata is composed of cumulus cells that send pene-
trating microvilli throughout the zona pellucida to communi-
cate via gap junctions with microvilli of the oocyte. During
follicular maturation, the number of surface microvilli of
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FIGURE 23.6 • Secondary follicle. a. Schematic drawing of a
secondary follicle showing the fluid-filled antrum, which arises by
the coalescence of small fluid-filled cavities among the granulosa
cells. Note that this actively growing follicle has many dividing
granulosa cells. Call-Exner bodies appear at this stage. The
wedge-shaped enlargement of the shadowed area depicts the
relationship of the granulosa cells, basal lamina, and the theca
interna and theca externa. The theca interna cells differentiate into
highly vascularized, steroid-producing cells. The theca interna is
surrounded by an outer layer of stromal cells called the theca
externa. The basal lamina separates the granulosa cells from the
theca interna. b. Photomicrograph of a secondary follicle. The
antrum (A), filled with follicular fluid, is visible within the stratum
granulosum (GC). Multiple layers of theca interna cells (TI) and
theca externa cells (TE) can be seen outside the basal lamina of
the secondary follicle. "85.
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The secondary follicle is characterized by a fluid-containing
antrum.

The primary follicle initially moves deeper into the cortical
stroma as it increases in size, mostly through proliferation of
the granulosa cells. Several factors are required for oocyte and
follicular growth:

• Follicle-stimulating hormone (FSH)

• Growth factors (e.g., epidermal growth factor [EGF],
 insulin-like growth factor I (IGF-I))

• Calcium ions (Ca2!)

When the stratum granulosum reaches a thickness of 6 to
12 cell layers, fluid-filled cavities appear among the granulosa
cells (Fig. 23.6). As the hyaluronan-rich fluid called liquor fol-
liculi continues to accumulate among the granulosa cells, the
cavities begin to coalesce, eventually forming a single, crescent-
shaped cavity called the antrum. The follicle is now identified
as a secondary follicle or antral follicle (Plate 93, page 874).
The eccentrically positioned oocyte, which has attained a di-
ameter of about 125 !m, undergoes no further growth. The
inhibition of growth is achieved by the presence of a small,
1- to 2-kilodalton peptide called oocyte maturation inhibitor

(OMI), which is secreted by the granulosa cells into the antral
fluid. A direct correlation is observed between the size of the
secondary follicle and OMI concentration. The concentration
is highest in small follicles and lowest in mature follicles. The
follicle, which was 0.2 mm in diameter as an early secondary
follicle when the fluid first appeared, continues to grow and
reaches 10 mm or more in diameter.

Cells of the cumulus oophorus form a corona radiata
around the secretory follicle oocyte.

As the secondary follicle increases in size, the antrum, lined
by several layers of granulosa cells, also enlarges (Fig. 23.7).
The stratum granulosum has a relatively uniform thickness ex-
cept for the region associated with the oocyte. Here the gran-
ulosa cells form a thickened mound, the cumulus oophorus,
which projects into the antrum. The cells of the cumulus
oophorus that immediately surround the oocyte and remain
with it at ovulation are referred to as the corona radiata. The
corona radiata is composed of cumulus cells that send pene-
trating microvilli throughout the zona pellucida to communi-
cate via gap junctions with microvilli of the oocyte. During
follicular maturation, the number of surface microvilli of
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FIGURE 23.6 • Secondary follicle. a. Schematic drawing of a
secondary follicle showing the fluid-filled antrum, which arises by
the coalescence of small fluid-filled cavities among the granulosa
cells. Note that this actively growing follicle has many dividing
granulosa cells. Call-Exner bodies appear at this stage. The
wedge-shaped enlargement of the shadowed area depicts the
relationship of the granulosa cells, basal lamina, and the theca
interna and theca externa. The theca interna cells differentiate into
highly vascularized, steroid-producing cells. The theca interna is
surrounded by an outer layer of stromal cells called the theca
externa. The basal lamina separates the granulosa cells from the
theca interna. b. Photomicrograph of a secondary follicle. The
antrum (A), filled with follicular fluid, is visible within the stratum
granulosum (GC). Multiple layers of theca interna cells (TI) and
theca externa cells (TE) can be seen outside the basal lamina of
the secondary follicle. "85.
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✤Q5-Describe Mature Graafian follicle
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granulosa cells increases and is correlated with an increased
number of LH receptors on the free antral surface. Extracellu-
lar, densely staining, PAS-positive material called Call-Exner
bodies (see Fig. 23.6a) may be seen between the granulosa
cells. These bodies are secreted by granulosa cells and contain
hyaluronan and proteoglycans.

The mature or Graafian follicle contains the mature
 secondary oocyte.

The mature follicle, also known as a Graafian follicle, has
a diameter of 10 mm or more. Because of its large size, it ex-
tends through the full thickness of the ovarian cortex and
causes a bulge on the surface of the ovary. As the follicle nears
its maximum size, the mitotic activity of the granulosa cells
decreases. The stratum granulosum appears to become thin-
ner as the antrum increases in size. As the spaces between the
granulosa cells continue to enlarge, the oocyte and cumulus
cells are gradually loosened from the rest of the granulosa cells
in preparation for ovulation. The cumulus cells immediately
surrounding the oocyte now form a single layer of cells of the
corona radiata. These cells and loosely attached cumulus cells
remain with the oocyte at ovulation.

During this period of follicle maturation, the thecal layers
become more prominent. Lipid droplets appear in the cyto-
plasm of the theca interna cells, and the cells demonstrate ul-
trastructural features associated with steroid-producing cells.
In humans, LH stimulates the cells of the theca interna to

 secrete androgens, which serve as estrogen precursors. Some
androgens are transported to the smooth-surfaced endoplas-
mic reticulum (sER) in the granulosa cells. In response to
FSH, the granulosa cells catalyze the conversion of andro-
gens to estrogens, which in turn stimulate the granulosa cells
to proliferate and thereby increase the size of the follicle. In-
creased estrogen levels from both follicular and systemic
sources are correlated with increased sensitization of go-
nadotropes to gonadotropin-releasing hormone. A surge in
the release of FSH or LH is induced in the adenohypophysis
approximately 24 hours before ovulation. In response to the
LH surge, LH receptors on granulosa cells are downregu-
lated (desensitized), and granulosa cells no longer produce
estrogens in response to LH. Triggered by this surge, the first
meiotic division of the primary oocyte resumes. This event
occurs between 12 and 24 hours after the LH surge, result-
ing in the formation of the secondary oocyte and the first
polar body. The granulosa and thecal cells then undergo
luteinization and produce progesterone (see page 839,
 section on the corpus luteum).

Ovulation

Ovulation is a hormone-mediated process resulting in the
release of the secondary oocyte.

Ovulation is the process by which a secondary oocyte is
 released from the Graafian follicle. The follicle destined to
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MATURE GRAAFIAN FOLLICLE

cumulus oophorus

cells that will become
corona radiata after ovulation
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follicular fluid

bbbbb

CO
SG

TI

A

CO
SG

TI

A

CO
SG

TI

A

CO
SG

TI

A

CO
SG

TI

A

FIGURE 23.7 • Secondary follicle in a late stage of development. a. Schematic drawing of a mature (Graafian) follicle with a large
antrum containing an oocyte embedded within the cumulus oophorus. The cells of the cumulus oophorus immediately surrounding
the oocyte remain with it after ovulation and are referred to as the corona radiata. b. Photomicrograph of a mature secondary follicle.
Note the large fluid-filled antrum (A) and the cumulus oophorus (CO) containing the oocyte. The remaining cells that surround the
lumen of the antrum make up the membrana granulosa (stratum granulosum, SG). The surface of the ovary is visible on the right. Note
the presence of two primary follicles (upper right). TI, theca interna. !45.
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✤ Q6-Outline the fate of mature Graafian 
follicle/ovulation  

Thursday, 14 February 13



Fate of Graafian follicle
 A surge of LH occurs in response to the high levels of circulating 

estrogen.
•	
approximately in the middle of the menstrual cycle .
•	
 increase in the pressure of the follicular fluid result in rupture 

of part of the wall of the mature Graafian follicle.
•	
The oocyte is liberated + the zona pellucida, corona radiata 

and some of the cumulus oophorus cells to be picked up by the 
fallopian tube. The oocyte remains viable for a maximum of 24 
hours, after which it undergoes autolysis.

•	
The follicular fluid with some blood from the highly vascular 
theca interna is expelled into the peritoneal cavity.

•	
The follicular antrum is filled with a blood clot. The remaining 
granulosa and theca interna cells form the corpus luteum.

21
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✤Q7-Compare atretic follicles with 
corpora albicans
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Atretic   follicles
 Most ovarian follicles undergo atresia and fail to reach maturation 

such that usually only one oocyte is liberated each menstrual cycle.

 – The atresia (degeneration) occurs at any stage of the developing 

follicles (primordial, primary, secondary or tertiary)

 – It is characterized by death of the oocyte and degeneration of 

surrounding cells. Macrophages invade the follicle to phagocytose 

the debris.

 – When small follicles (primordial and primary) degenerate, 

complete resorption occurs leaving no scar. However, secondary 

and tertiary follicles leave a scar of collagen which lasts for a long 

time.
23
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Atretic  follicles

24
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channel proteins called CatSpers (cation channels of sperm).
CatSper proteins are expressed exclusively in membranes of
the tail. Influx of Ca2! causes the tail to be more active and
bend more forcefully, resulting in faster sperm movement
through the viscous environment of the uterine tube. Together
with limited proteolysis of the zona pellucida, hyperactivation
is responsible for the physical penetration of the oocyte.
Sperm hyperactivity is necessary for breaking physical barri-
ers that protect the secondary oocyte from fertilization.
Thus, activation of CatSpers is required for male fertility.

Impregnation of the oocyte allows structures lying inside
the spermatozoon to enter the cytoplasm of the oocyte.

After penetrating the zona pellucida, the spermatozoon en-
ters the perivitelline space between the zona pellucida and
the oolemma (oocyte’s plasma membrane). Here, after docking
to the oolemma, the spermatozoon plasma membrane fuses
with the oolemma. This process, called the impregnation of
the oocyte, allows the nucleus of the sperm (containing
highly concentrated DNA), the centrosome, the midpiece

with the mitochondria, and the kinocilium to be incorpo-
rated into the cytoplasm of the oocyte. The tail plasma mem-
brane remains as an appendage to the oolemma.

An impregnating spermatozoon generates a molecular sig-
nal for resumption and termination of the second meiotic
division. This division transforms the secondary oocyte into
a mature oocyte and triggers the expulsion of the second polar
body into the perivitelline space.

The male genetic material lying within the nucleus of
 incorporated sperm head is unpacked and used for building
the male pronucleus, which contains 23 paternal chromo-
somes. Nuclear membranes of both female and male pronu-
clei dissolve (without fusion), and the chromosomes align
themselves within the common mitotic spindle. The result-
ing zygote contains a diploid (2n) complement of 46 chro-
mosomes and later undergoes the first mitotic division or
cleavage. The male centrosome is essential for the alignment
of the mitotic spindle that divides chromosomes into the
first two cells of the embryo. Only centrosomes from the
 father are used in building first and subsequent mitotic spin-
dles. The incorporated kinocilium is finally dissolved, and all
sperm mitochondria are eliminated from the cytoplasm of

842
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FIGURE 23.11 • Electron micrograph of theca lutein cells from
the corpus luteum of a monkey. At this early implantation stage
(day 10.5 of gestation), membrane-bounded dense bodies are
clustered near the Golgi apparatus (G); most of the cytoplasm is
packed with tubules of smooth endoplasmic reticulum (sER), lipid
droplets (L), and mitochondria (M). Note the capillary (Cap) and
the closely apposed cell membranes of the theca lutein cells
(arrows). "10,000. (Courtesy of Dr. Carolynn B. Booher.)

FIGURE 23.12 • Photomicrograph of the corpus albicans of a
human ovary. Large amounts of hyaline material can be seen
among the degenerating cells of the former corpus luteum. The
corpus albicans is surrounded by ovarian stroma. "125.
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1. Which degenerated structure they represent

2. Their relative size.

3. Predominant tissue type.

4. Persistence.
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✤ Q8-Describe corpus luteum as regards:

1. Time of formation and hormone responsible for that.

2. Steps of its formation.

3. Fate .

4. Types.

Thursday, 14 February 13



Ovary

✤ Q9-Define ovogenesis and describe its stages
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ovogenesis=production of 
female gametes from oogonia

 1.Proliferation: In the ovary of the developing embryo, the oogonia divide by mitosis 

to give rise to a large number of oogonia during the 1st trimester of pregnancy (about 7 

millions in both ovaries).

2. Growth: During the 2nd trimester of pregnancy,The oogonia grow, increase in size 

and are called now the primary oocyte. These primary oocytes enter the prophase 

of the 1st meiotic division where they are arrested and do not progress to the other 

stages of meiosis. By the 7th month of pregnancy, most oogonia have become 

primary oocytes. However, many oocytes are lost and undergo atresia such that at 

puberty both ovaries contain about 300,000 primary oocytes only.

3. Maturation: At puberty and just before ovulation, the primary oocyte (2N) 

continues the 1st meiotic division to give the 2ry oocyte (N) and a 1st polar body. After 

ovulation, the 2ry oocyte enters the 2nd meiotic division (which will be completed only 

after fertilization) to give the mature ovum and a 2nd polar body 29
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Oviduct

✤ Q10-Name 4 oviduct segments and compare 
them
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✤ Muscle

✤ Folds

✤ Ciliated epithelial cells.

✤ Secretory epithelial cells
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the tube is adjacent to the ovary and opens into the peritoneal
cavity; the other end communicates with the uterine cavity.

Each uterine tube is approximately 10 cm to 12 cm long
and can be divided into four segments by gross inspection:

• The infundibulum is the funnel-shaped segment of the tube
adjacent to the ovary. At the distal end, it opens into the peri-
toneal cavity. The proximal end communicates with the am-
pulla. Fringed extensions, or fimbriae, extend from the
mouth of the infundibulum toward the ovary.

• The ampulla is the longest segment of the tube, constitut-
ing about two thirds of the total length, and is the site of
fertilization.

• The isthmus is the narrow, medial segment of the uterine
tube adjacent to the uterus.

• The uterine or intramural part, measuring about 1 cm
in length, lies within the uterine wall and opens into the
cavity of the uterus.

The wall of the uterine tube is composed of three layers.

The uterine tube wall resembles the wall of other hollow vis-
cera, consisting of an external serosal layer, an intermediate

muscular layer, and an internal mucosal layer. However, there
is no submucosa.

• The serosa or peritoneum is the outermost layer of the
uterine tube and is composed of mesothelium and a thin
layer of connective tissue.

• The muscularis, throughout most of its length, is orga-
nized into an inner, relatively thick circular layer and an
outer, thinner longitudinal layer. The boundary between
these layers is often indistinct.

• The mucosa, the inner lining of the uterine tube, exhibits
relatively thin longitudinal folds that project into the lumen
of the uterine tube throughout its length. The folds are
most numerous and complex in the ampulla (Fig. 23.13
and Plate 95, page 878) and become smaller in the isthmus.

The mucosal lining is simple columnar epithelium composed
of two kinds of cells—ciliated and nonciliated (Fig. 23.13b).
They represent different functional states of a single cell type.

• Ciliated cells are most numerous in the infundibulum
and ampulla. The wave of the cilia is directed toward the
uterus.
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FIGURE 23.13 • Photomicrograph of a human uterine tube. a. This cross section is near the ampulla region of the uterine tube. The
mucosa is thrown into extensive folds that project into the lumen of the tube. The muscularis is composed of a thick inner layer of
circularly arranged fibers and an outer layer of longitudinal fibers. Note several branches of the uterine and ovarian arteries (BV ) that
travel along the uterine tube. !16. b. The lumen of the tube is lined by a simple columnar epithelium composed of ciliated cells (above
the point of the arrow) and nonciliated cells (below the point of the arrow). !640.
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✤ Q11-Compare the proliferative, secretory and menstrual phases of the 
menstrual cycle.

✤ Q12-Describe endometrial changes and ovarian changes during menstrual 
cycle.
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1. Duration.

2. Correlated ovarian and hormonal changes.

3. Spiral vessels.

4. Endometrium

5. Glands
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The perimetrium covers the entire posterior surface of the
uterus but only part of the anterior surface. The remaining
part of the anterior surface consists of connective tissue or
adventitia.

Both myometrium and endometrium undergo cyclic changes
each month to prepare the uterus for implantation of an em-
bryo. These changes constitute the menstrual cycle. If an em-
bryo implants, the cycle stops, and both layers undergo
considerable growth and differentiation during pregnancy
(described in the next section).

The myometrium forms a structural and functional
 syncytium.

The myometrium is the thickest layer of the uterine wall. It is
composed of three indistinctly defined layers of smooth muscle:

• The middle muscle layer contains numerous large blood ves-
sels (venous plexuses) and lymphatics and is called the stra-
tum vasculare. It is the thickest layer and has interlaced
smooth muscle bundles oriented in a circular or spiral pattern.

• The smooth muscle bundles in the inner and outer lay-
ers are predominantly oriented parallel to the long axis of
the uterus.

As in most bulb-shaped hollow organs, such as the gall-
bladder and urinary bladder, muscular orientation is not
distinctive. The muscle bundles seen in routine histologic
sections appear to be randomly arrayed. During uterine
contraction, all three layers of the myometrium work to-
gether as a functional syncytium expelling the contents of
the lumen through a narrow orifice.

In the nonpregnant uterus, the smooth muscle cells are
about 50 !m long. During pregnancy, the uterus undergoes
enormous enlargement. The growth is primarily owing to the
hypertrophy of existing smooth muscle cells, which may
reach more than 500 !m in length, and secondarily at-
tributable to the development of new fibers through the divi-
sion of existing muscle cells and the differentiation of
undifferentiated mesenchymal cells. The amount of connec-
tive tissue also increases. As pregnancy proceeds, the uterine
wall becomes progressively thinner as it stretches because of
the growth of the fetus. After parturition, the uterus returns
to almost its original size. Some muscle fibers degenerate,
but most return to their original size. The collagen pro-
duced during pregnancy to strengthen the myometrium is
then enzymatically degraded by the cells that secreted it.
The uterine cavity remains larger and the muscular wall re-
mains thicker than before pregnancy.

Compared with the body of the uterus, the cervix has
more connective tissue and less smooth muscle. Elastic fibers
are abundant in the cervix but are found in appreciable quan-
tities only in the outer layer of the myometrium of the body
of the uterus.

The endometrium proliferates and then degenerates during
a menstrual cycle.

Throughout the reproductive lifespan, the endometrium
undergoes cyclic changes each month that prepare it for
the implantation of the embryo and the subsequent events of
embryonic and fetal development. Changes in the secretory

activity of the endometrium during the cycle are correlated
with the maturation of the ovarian follicles (see Folder 23.3).
The end of each cycle is characterized by the partial destruc-
tion and sloughing of the endometrium, accompanied by
bleeding from the mucosal vessels. The discharge of tissue
and blood from the vagina, which usually continues for 3 to
5 days, is referred to as menstruation or menstrual flow.
The menstrual cycle is defined as beginning on the day
when menstrual flow begins.

During reproductive life, the endometrium consists of two
layers or zones that differ in structure and function (Fig. 23.15
and Plate 96, page 880):
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FIGURE 23.15 • Schematic diagram illustrating arterial blood
supply to the endometrium of the uterus. The two layers of the
endometrium, the stratum basale and stratum functionale, are
supplied by branches of the uterine artery. The spiral arteries
located at the interface between these two layers degenerate and
regenerate during the menstrual cycle under the influence of
estrogens and progesterone. (Based on Weiss L, ed. Cell and
Tissue Biology: A Textbook of Histology, 6th ed. Baltimore: Urban
& Schwarzenberg, 1988.)
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specialized layer that facilitates the separation of the placenta
from the uterine wall at the termination of pregnancy.

The menstrual phase results from a decline in the ovarian
secretion of progesterone and estrogen.

The corpus luteum actively produces hormones for about 
10 days if fertilization does not occur. As hormone levels
rapidly decline, changes occur in the blood supply to the stra-
tum functionale. Initially, periodic contractions of the walls of
the spiral arteries, lasting for several hours, cause the stratum

myometriummyometriummyometriummyometriummyometriummyometriummyometriummyometriummyometriummyometrium

myometriummyometriummyometriummyometriummyometrium

aa bb cca b c

FIGURE 23.16 • Photomicrographs of the uterine lining in proliferative, secretory, and menstrual phases of the menstrual cycle.
a. The upper panel shows the endometrium at the proliferative phase of the cycle. During this phase, the stratum functionale (separated
by the dashed line from the stratum basale) greatly thickens. !15. The lower panel shows at higher magnification the endometrial glands
that extend from the stratum basale to the surface. !55. b. The upper panel shows the endometrium at the secretory phase of the cycle.
The glands have acquired a corkscrew shape as the endometrium increases further in thickness. The stratum basale (below the dashed
line) exhibits less dramatic changes in morphology. !20. The lower panel shows uterine glands that have been cut in a plane that is
close to their long axes. Note the pronounced corkscrew shape of the glands and mucous secretion (arrows). !60. c. The upper panel
shows the stratum functionale (above the dashed line). Much of the stratum functionale has degenerated and sloughed away. !15. The
lower panel shows the extravasated blood and necrosis of the stratum functionale. !55.
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 Menstrual (destructive) phase: 

 (from 1St to 5th day)
 When fertilization does not occur, the corpus luteum 

stops functioning 10-12 days after ovulation. 
levels of estrogen and progesterone in blood drops rapidly 

causing constriction of the spiral arteries supplying the 
functional zone, producing ischemia.

death of the walls of the spiral arteries and part of the 
functional zone occurs. The blood vessels rupture and 
bleeding begins with shedding of the dead functional zone 
leaving the basal zone (about 0.5 mm thickness).

The basal zone acts as a cellular reserve from which the 
functional zone regenerates in the following phase.

39
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2. Proliferative (follicular-estrogenic) phase:
 (from 5th to 14th day)

 The growing ovarian follicles begin to secrete estrogen under 
control of pituitary FSH. Estrogen stimulates the mitotic 
activity of the cells in the basal zone of the endometrium 

resulting in endometrial proliferation and 
regeneration.

 The endometrium resumes its covering.

 The regenerated glands are straight with narrow lumens 
with no secretory function.

 At the end of this phase, the endometrium is about 2-3 
mm in thickness.

40
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Secretory (Luteal-progestational) phase 
 from 14th day till onset of next bleeding)

 It starts after ovulation under the effect of progesterone 
secreted by the corpus luteum, controlled by pituitary LH

 It includes the following changes:
a) Endometrial glands: become long, highly tortuous. In 
early secretory phase, the cells of the endometrial glands 
accumulate glycogen in their basal parts. In late secretory phase, 
the glycogen is accumulated in the apical parts of the cells and 
the lumens of the glands are distended with secretion.
b) Endometrial thickness: increases reaching its maximum (5 mm).

c) Spiral arteries: elongate and become highly coiled and congested.

d) Stroma (surrounding C.T. of lamina propria): become 
edematous and their fibroblasts enlarge and show features of protein-
synthesizing cells. These changes are referred to as decidual 
reaction. 41
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Q13-What is collagenolysis?
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✤ Q13-Explain why cervix is firm and how it is dilated during labour.
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✤ Formed of dense CT .

✤ During labour:  hyaluronic acid-osmosis-water separates collagen fibres 
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✤ Q14-What is the source of cervical mucus and How cervical mucus inform 
you about the stage of menstrual cycle?

✤ Q15-What is the type of cervical glands?BTA

✤ Q16-Compare endometrial glands and cervical glands. 
type,lining,site,secretion (function),relation to cycle.
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 Cervical mucus:
 – It plays a significant role in fertilization of the oocyte.
 – During the proliferative phase of the menstrual cycle 

and at time of ovulation, the cervical mucus is thin, 
watery and abundant to facilitate the movement of 
the spermatozoa to penetrate the uterus.

 – After ovulation (in the secretory phase), or if 
pregnancy occurs, the cervical mucus becomes more 
viscous and scanty thus preventing passage of 
spermatozoa as well as microorganisms into the body of 
the uterus.

48

Thursday, 14 February 13



Vagina
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✤ Q17-Explain vaginal acidity and its significanse.

1. Oestrogen

2. Epithelium   glycogen

3. Desquamate

4. Lactobacilli      lactic acid

5. Protection against bacteria and fungi(candida Albicans)
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✤ Q 18-Distinguish between synsytiotrophoblast and cytotrophoblast
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Answer

✤ 1-site.

✤ 2-structure.

✤ 3-staining

✤ 4-surface.

✤ 5-survival
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✤ Q19-Describe layers of placental barrier.

✤ Q20-Functions of placental barrier.

✤ Q21-Functions of placenta.
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 The Placental Barrier:
 This layers which isolate the blood in the fetal 

circulation from the blood in the maternal circulation 
form the placental barrier.

 It is composed of:

1.The trophoblast (syncytiotrophoblast and 
cytotrophoblast in the 1st 4 months of 
pregnancy, and syncytiotrophoblast only 
in the last 5 months).

2.Basement membrane of the trophoblast.
3.C.T. core containing Hofbauer cells.
4.Basement membrane of fetal capillary.
5.Endothelium of fetal capillary. 55

Thursday, 14 February 13



✤ Q22-Describe decidual cells in terms of function,location,origin,prominent 
organelles.
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✤ Q23-Compare prepubertal,resting adult,pregnant , lactating and 
postmenopausal
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✤ 1-At birth: simple ducts + dense CT.

✤ 2-Resting adult:

1. 12-20 lobes separated by CT septa with fat cells.

2. Lactiferous ducts (12-20)  simple cuboidal basket cell.

3. Lactiferous sinus st.cuboidal--->stratified squamous

4. Nipple    with ducts.

5. Areola: modified sebaceous glands Montgomery
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5. Pregnant:E,P,P,HCSMT

1. Alveoli lined by s.columnar surrounded by basket cells.

2. Ct and Fat cells  ------>decrease.

3. Increase size.

4. Pigmentation.

5. Montgomery glands increase in size.
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6. Lactating: as pregnant but Milk appear in alveoli as acidophilic 
secretion with vacuoles.
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 influence, the TDLUs develop and differentiate into dynamic
functional units. Subsequent to this initial development,
slight changes in the morphology of the glandular tissue
occur during each ovarian cycle. During the follicular phase
of the menstrual cycle, estrogen in the circulation stimu-
lates proliferation of the lactiferous duct components.
After ovulation in the luteal phase, progesterone stimulates
growth of alveoli; intralobular stroma become edematous.
Clinically, during the luteal phase, women perceive tenderness
and a progressive increase of breast tissue mass. During preg-
nancy, the corpus luteum and placenta continuously produce
estrogens and progesterone, causing a massive increase in
TDLUs. It is now believed that the growth of the mammary
glands also depends on the presence of prolactin, which is
produced by the adenohypophysis; hCS, which is produced
by the placenta; and adrenal glucocorticoids.

Lactation is under the neurohormonal control of the
 adenohypophysis and hypothalamus.

Although estrogen and progesterone are essential for the phys-
ical development of the breast during pregnancy, both of these
hormones also suppress the effects of prolactin and hCS, the
levels of which increase as pregnancy progresses. Immediately
after birth, however, the sudden loss of estrogen and proges-
terone secretion from the placenta and corpus luteum allows

prolactin to assume its lactogenic role. Production of milk
also requires adequate secretion of growth hormone, adrenal
 glucocorticoids, and parathyroid hormones.

The act of suckling during breast-feeding initiates sensory
impulses from receptors in the nipple to the hypothalamus.
The impulses inhibit the release of prolactin-inhibiting fac-
tor, and prolactin is then released from the adenohypophysis.
The sensory impulses also cause the release of oxytocin in the
neurohypophysis. Oxytocin stimulates the myoepithelial cells
that surround the base of the alveolar secretory cells and the
base of the cells in the larger ducts, causing them to contract
and eject the milk from the alveoli and the ducts. In the ab-
sence of suckling, secretion of milk ceases, and the mam-
mary glands begin to regress and atrophy. The glandular
tissue then returns to an inactive condition.

Involution of the Mammary Gland

The mammary gland atrophies or its specialized stroma invo-
lutes after menopause. In the absence of ovarian hormone
stimulation, the secretory cells of the TDLUs degenerate and
disappear, leaving only ducts to create a histologic pattern
that resembles that of male breast. The connective tissue also
demonstrates degenerative changes, marked by a decrease in
the number of fibroblasts and collagen fibers, and loss of elas-
tic fibers.
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FIGURE 23.34 • Photomicrograph of an inactive mammary gland. a. This low-magnification H&E–stained specimen shows several
lobules within the dense connective tissue of the breast. The epithelial component consists of a branching duct system that makes up
the lobule. The clear areas (arrows) are adipose cells. !60. b. A higher magnification of the area in the rectangle of a. The epithelial
cells of the ducts are columnar and exhibit interspersed lymphocytes (arrows) that have entered the epithelium. The surrounding
stained material (arrowheads) represents the myoepithelial cells (MEp) and collagen bundles in the adjacent connective tissue. !700.

72006_ch23  15/07/10  3:57 PM  Page 867

Thursday, 14 February 13



868

ductductductductduct

mEpmEpmEp

aaa bbb

FIGURE 23.35 • Photomicrograph of an active mammary gland during late pregnancy. a. This low-magnification H&E–stained
specimen shows the marked proliferation of the duct system giving rise to the secretory alveoli that constitute the major portion of the
lobules. The intralobular ducts are difficult to identify because their epithelium also secretes. Outside the lobules is a large excretory
duct. !60. b. A higher magnification of an area in a. The secretory alveolar cells are mostly cuboidal here. A myoepithelial cell (mEp)
as well as a number of plasma cells (arrows) can be identified in the adjacent loose connective tissue. !700.

Human papillomavirus (HPV) is the most common
 sexually transmitted virus in the United States. More than
40 HPV types are known to infect the urogenital and anal
regions of men and women, targeting the stratified squa-
mous epithelium of the perineal skin or mucous mem-
branes. Most women will be infected by HPV in their
lifetime, but only a small percentage (5%–10%) will de-
velop a persistent infection and the associated risk of cer-
vical cancer. Of the approximately 40 sexually transmitted
HPV types, most (90%) cause genital warts rather than
cervical cancer and so are called low-risk HPV types (e.g.,
HPV types 6 and 11). Low-risk HPV types tend to infect
mature epithelial cells and lead to genital warts or mild
cervical dysplasia. HPV types 16 and 18 are the most
common high-risk HPV types and are associated with 70%
of cervical cancers. High-risk HPV types usually infect di-
viding cells, cause moderate to severe cervical dysplasia or
carcinomas, and are linked to anal cancer, vulvar cancer,

and cancer of the penis in men. Most HPV-associated
 lesions can be diagnosed by microscopic examination of
smears or biopsies. In difficult cases, ancillary techniques
such as in situ hybridization can help to confirm the diagnosis
(Fig. F23.6.1). Recently, two vaccines (Cervarix and Gar-
dasil) have become available to protect women against the
types of HPV that cause most cervical cancers. Cervarix is
designed to prevent infections from HPV types 16 and 18
and contains recombinant noninfectious viruslike particles
(VLPs) from both virus types. Gardasil contains a mixture of
recombinant VLPs from HPV types 6, 11, 16, and 18. Nei-
ther vaccine is therapeutic (i.e., they do not clear prior in-
fection), but both lead to the development of specific
immunity against HPV infections. The vaccines are most ef-
fective for girls and young women between ages 9 and 26
who have had no prior HPV exposure and who complete
the three-injection immunization protocol before initiation
of sexual activity.

• FOLDER 23.6 Clinical Correlation: Cervix and Human
Papillomavirus (HPV) Infections

continued next page
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