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alls are very large, with overflowing cytoplasmic
| avelopes that surround the developing spermatogo-
ainall the way to the central lumen of the tubule.

Spermatogonia that cross the barrier into the
layer become pro, ively modified and
alarged to form large primary spermatocyres (Figure
). Each of these, in turn, undergoes meiotic

' to form two secondary spermatocytes. After
lew thuetoocﬁvidetofam:permatids
ly modified to become spermatozoa
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A, Cross section of a seminiferous tubule. B, Stages in the devel-
opment of sperm from spermatogonia.

the father. while the other half are derived from the

oocyte provided by the mother.
The entire period of spermatogenesis, from sper-

matogonia to spermatozoa, takes about 74 days.

Sex Chromosomes. In cach spermatogonium, one of the
23 pairs of chromosomes carries the genetic informa-
tion that determines the sex of each eventual offspring.
This pair is composed of one X chromosome, which is
called the female chromosome, and one Y chromo-
some. the male chromosome. During meiotic division,
the male Y chromosome goes to one spermatid that
then becomes a male sperm, and the female X chro-
mosome goes to another spermatid that becomes a
female sperm. The sex of the eventual offspring is
determined by which of these two types of sperm
fertilizes the ovum. This is discussed further in

Chapter 82.

Formation of Sperm. When the spermatids are first
med,thcyuﬂlhavethemualcharacwrkticlof
ﬂummmwmenm
oon is composed of a head and a

r
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Cell divisions during spermatogenesis. During embryonic
development the primordial germ cells migrate to the testis where
they become spermatogonia. At puberty (usually 12 to14 years
after birth), the spermatogonia proliferate rapidly by mitosis. Some
begin meiosis to become primary spermatocytes and continue
through meiotic division | to become secondary spermato-
cytes. After completion of meiotic division I, the secondary

spermatocytes produce spermatids, which differentiate to form
spermatozoa.
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Figure 80-4

Structure of the human spermatozoon.

hyaluronidase (which can digest proteoglycan fila-
ments of tissues) and powerful proteolytic enzymes
(which can digest proteins). These enzymes play
important roles in allowing the sperm to enter the
ovum and fertilize it.

The tail of the sperm, called the flagellum, has three
major components: (1) a central skeleton constructed
of 11 microtubules, collectively called the axoneme—
the structure of this is similar to that of cilia found
on the surfaces of other types of cells described in
Chapter 2; (2) a thin cell membrane covering the
axoneme; and (3) a collection of mitochondria sur-
rounding the axoneme in the proximal portion of the
tail (called the body of the tail).

Back-and-forth movement of the tail (flagellar
movement) provides motility for the sperm. This
movement results from a rhythmical longitudinal
sliding motion between the anterior and posterior
tubules that make up the axoneme. The energy for this
process is supplied in the form of adenosine triphos-
phate that is synthesized by the mitochondria in the
body of the tail.

Normal sperm move in a fluid medium at a velocity
of 1 to 4 mm/min. This allows them to move through
the female genital tract in quest of the ovum.

Hormonal Factors That Stimulate
Spermatogenesis .
We shall discuss the role of hormones in reproductior
later, but at this point, let us note that several hor

~ mones play essential roles in spermatogenesis. Som
~ of these are as follows: !

stosterone, secreted by the Leydig cells located
in the interstitium of the testis, is essential for
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of Sporm lnitho Epididymis
After formation in the seminiferous tubules, the sperm
gire several days to pass through the 6-meter-long
wbule of the epididymis. Sperm removed from the
seminiferous tubules and from the early portions of
the cpidid)miﬁ are nonmotile, and they cannot fertil-
ze an ovUMm. However, after the sperm have been
in the epididymis for some 18 to 24 hours, they deve-
lop the capability of moulity, even though several
inhibitory proteins in the epididymal fluid sull prevent
final motility until after ¢jaculation.

storage of Sperm. The two testes of the human adult
form up to 120 million sperm cach day. A small quan-
tity of these can be stored in the epididymis, but most
are stored in the vas deferens They can remain stored,
maintaining their fertility, for at least a month. During
this time, they are kept in a deeply suppressed inactive
state by multiple inhibitory substances in the secre-
tions of the ducts. Conversely, with a high level of
sexual activity and cjaculations, storage may be no
longer than a few days. .

After ejaculation, the sperm become motile. and
they also become capable of fertilizing the ovum. a
process called maruration. The Sertoli cells and the
¢pithelium of the epididymis secrete a special nutrient

fuid that is ejaculated along with the sperm. This fluid
%nm(mum;lm testosterone and
SStrogens), enzymes, and special nutrients that are
“SSential for sperm maturation.

NS of the My,

(and Function of the Pineal Gland)

The activity of sperm increases marked!y
Creasing lemtgeratugz but so does the rate of {‘“ie:-:ng?;'
™M, causing the life of the sperm to be oy ks In
shorteneq. Although sperm can live for many wceestesa
the suppressed state in the genital ducts of theft male
life _€Xpectancy of ejaculated sperm in . yfhes
genital tract is only 1 to 2 days.

Function of the Seminal Vesicles

Each seminal vesicle is a tortuous, loculated tube hnq‘g
with a secretory epithelium that secretes 2 mucoe
material containing an abundance of fructos li
citric acid, and other nutrient substances, as we
as large quantities of prostaglandins and ﬁl_)rmogec"};
During the process of emission and gaculanoq, eala_
seminal vesicle empties its contents int0 the e;acuhe
tory duct shortly after the vas deferens empties 1 E
sperm. This adds greatly to the bulk of the e]aa_xlatf‘:‘
semen, and the fructose and other substances in the
seminal fluid are of considerable nutrient valugl_for
the ejaculated sperm until one of the sperm fertilizes
the ovum. -y '

Prostaglandins are believed to aid femhzahor'x‘ ml
two ways: (1) by reacting with the female cervica
mucus to make it more receptive 10 sperm movement
and (2) by possibly causing backward, reverse peri-
staltic contractions in the uterus and fallopian tubes to
move the ejaculated sperm toward the ovaries (a few
sperm reach the upper ends of the fallopian tubes
within 5 minutes).

Function of the Prostate Gland

The prostate gland secretes a thin, milky fluid that con-
tains calcium, citrate ion, phosphate ion, a clotting
enzyme, and a profibrinolysin. During emission, the
capsule of the prostate gland contracts simultaneously
with the contractions of the vas deferens so that the
thin, milky fluid of the prostate gland adds further to
the bulk of the semen. A slightly alkaline characteris-
tic of the prostatic fluid may be quite important for
successful fertilization of the ovum, because the fluid
of the vas deferens is relatively acidic owing to the
presence of citric acid and metabolic end products of
the sperm and, consequently, helps to inhibit sperm
fertility. Also, the vaginal secretions of the female are
acidic (pH of 3.5 to 4.0). Sperm do not become opti-
mally motile until the pH of the surrounding fluids
rises to about 6.0 to 6.5. Consequently, it is probable
that the slightly alkaline prostatic fluid helps to neu-
tralize the acidity of the other seminal fluids during
ejaculation, and thus enhances the motility and fertil-
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The male reproductive system (Fig.10.1) is composed of the
following :

1. Primary reproductive organs : A pair of testes (sing.
testis). Testes are situated in the scrotal sac outside the
abdominal cavity for maintenance of favourable temperature.
Its function is gametogenesis and secretion of androgens.

2. Accessory reproductive organs : Vas deferens, seminal
vesicles, ejaculatory ducts, prostate, bulbourethral glands
(Cowper’s glands) and penis. These constitute the seminal
tracts from each testis, and also elaborate some secretions.
Epididymis drains and opens into the prostatic urethra, where
the prostatic glands and the Cowper’s glands also open. The
seminal vesicles open into the ejaculatory ducts.

Seminal

Urinary bladder Vas deferens )
N, vesicle

“Prostate |

Testis Epididymis

Scrotum

Fig. 10.1. Male reproductive organs.

3. External genitalia : These are penis and scrotum.
(Secondary sex characters include the features characteristic
of a male, i.e., body appearance, hair distribution, voice, etc.
These are not directly related to reproduction).

ANDROGENS
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small amount of oestrogen is also produced from testosterone Regulation of Secretion o ;:ells of foetal
in circulation. Daily output of androgens is about 4 to 9 mgin Secretion of testosterone from the I.Jey‘ 1g adotronhin)
an adult male. which is mostly testosterone and the plasma (1)- t by the HCG (Human chorionic g0n ol
level is about 0.65 ng/100ml. In females also, a small amount of ~ testes 18 GAuSEC T his testosterone is requlred or
androgens are secreted. Most of the testosterone s converted from placenta. This

Organs Of the
. iy ment of the sex

into 17-ketosteroid in liver. This source contribute 1/3rd of  differentiation and BRASER

the 17-ketosteroid excreted in urine in an adult male, the rest is

\ | retion d t occur up to
i ec oes no
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T adolescence. During adolescence 1t starts again and continues
Fuaciions of estosterone

under the influence of GnRH (Gonadotrophin releasing hormone).

(1) Metabolic actions ' =)
1) Increases BMR. L e
Testosterone is strongly anabolic and it increases \L
protein synthesis and prevents protein breakdown.

‘ GnRH
Helps to retain Na*, K*, Ca* PO S0 s etc. along
with water.,
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of growth hormone secretion, protein anabolic
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same time the testosterone is also responsible for early

-al closure in male, which arrests the growth in height.
Testosterone causes development of secondary sexual
cters in boys, e.g., growth of beards, axillary hair, pubic

)

ANTERIOR
hiair-mporal recession of hair line, and so on (it brings about ) PITUITARY
all the pubertal changes in boys, p. 367). It is responsible for —————— \L
growth of the external genitalia during adolescence. In adults

1aintains the sex organs.
(+) It is responsible for the development of male
piychology and aggressive behaviour.
(5) Testosterone is essential for male gametogenesis
Jerinatogenesis) and for this, a very high local concentration
cctosterone is maintained inside the seminiferous tubules
clow). It is also responsible for motility of the sperms. /L
' It stimulates erythropoiesis.

't is responsible for male libido, particularly at puberty
¢ 50 in adults.

LH

Testosterone

[n intrauterine life, testosterone from the foetal testes

-+ 1 foetal brain to develop the male psyche. It causes sex

" di ‘entiation; development of the.wolffian ducts into

epididymis, vas deferens and seminal ve.sic'les. External GnRH il
geintalia of male foetus also develop under its influence. gonadotrophs to

- . » LH then stimul

Mechanism of Action ) : secrete tedlil

Fig. 10.4. R

Like all other steroid hormones, testosterone has intracellular
receptors through which it regulates intracellular protein
synthesis. Testosterone in some target organs is converted
into dihydrotestosterone (DHT) by the enzyme Sa-reductase.
This DHT is responsible for the development of prostate,
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Plasma Hormones

Most of the secreted hormones are bound to the gonadal
steroid binding globulin (GBG) and only a small portion
circulates freely in the plasma. The free hormone is responsible
for the physiological actions.

Dihydrotestosterone is produced in some target organs. A
small amount of oestrogen is also produced from testosterone
in circulation. Daily output of androgens is about 4 to 9 mg in
an adult male, which is mostly testosterone and the plasma
level is about 0.65 pg/100ml. In females also, a small amount of
androgens are secreted. Most of the testosterone is converted
into 17-ketosteroid in liver. This source contribute 1/3rd of
the 17-ketosteroid excreted in urine in an adult male, the rest is
from the suprarenal cortex.

Functions of Testosterone
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Regulation of Secretion

(1) Secretion of testosterolr;
testes is caused by the.HCG'i "
from placenta. This tes 1(;
differentiation and for deve

le embryo.
- (62) After birth, testosteron

adolescence. During adolesce
under the influence of GnRH (€

(1) Metabolic actions
(a) Increases BMR.
(b) Testosterone is strongly anabolic and it increases
protein synthesis and prevents protein breakdown.
(c) Helps to retain Na*, K*, Ca**, PO >, SO,>, etc. along
with water.

(2) On growth : Testosterone is responsible for the spurt
of growth seen during adolescence. It is mainly due to
stimulation of growth hormone secretion, protein anabolic
effect and growth of bones.

At the same time the testosterone is also responsible for early
epiphyseal closure in male, which arrests the growth in height.

(3) Testosterone causes development of secondary sexual
characters in boys, e.g., growth of beards, axillary hair, pubic
hair, temporal recession of hair line, and so on (it brings about
all the pubertal changes in boys, p. 367). It is responsible for
growth of the external genitalia during adolescence. In adults
it maintains the sex organs.

(4) It is responsible for the development of male
psychology and aggressive behaviour.

(5) Testosterone is essential for male gametogenesis
(spermatogenesis) and for this, a very high local concentration

of testosterone is maintained inside the seminiferous tubules
(see below). It is also responsible for motility of the sperms.

(6) It stimulates erythropoiesis.

(7) It is responsible for male libido, particularly at puberty
and also in adults.

Testosterone
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ztffr;l;l]]sa;;n(gn ZZZ?a%ne). Secretion of GnRH occurs in the form

y plasma level). There is intermittent rise
arlld-fall, preventing down regulation of its receptors in
pituitary.

LLH : It is a glycoprotein hormone secreted from the pituitary
gonadotrophs. It also has no steady plasma level and 1s
secreted in pulses like the GnRH. 2 to 4 pulses occur within 6
hours. It increases production of testosterone in the Leydig
cells (prolactin probably potentiates this action).

Testosterone feedback : Testosterone ultimately regulates
its own secretion. It acts both at pituitary and at hypothalamus
(o cause feedback inhibition of GnRH and LH secretion
(Inhibin leads to feedback inhibition of FSH).

Oestrogen from testes (see below) also inhibits LH secretion,
this may be the role of the oestrogen secreted from the testes.

[niection of testosterone from outside leads to inhibition of
| H secretion from pituitary. This decreases testosterone secretion
from the Leydig cells and spermatogenesis is stopped (see later).
ral effects of the injected testosterone, (e.g.. anabolic,

But the gene
sual.

increased libido etc.) are increased as u

OTHER HORMONES FROM THE TESTES

1L
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