Spermatogenesis

During formation of the embryo, the primordial germ cells migrate into the testes and become
immature germ cells called spermatogonia which lie in two or three layers of the inner surfaces
of the seminiferous tubules (a cross section of one is shown in Figure 80-24).The spermatogonia
begin to undergo mitotic division, beginning at puberty, and continually proliferate and
differentiate through definite stages of development to form sperm, as shown in Figure 80-2B.
Steps of Spermatogenesis

Spermatogenesis occurs in the seminiferous tubules during active sexual life as the result of
stimulation by anterior pituitary gonadotropic hormones, beginning at an average age of 13 years
and continuing throughout most of the remainder of life but decreasing markedly in old age. In
the first stage of spermatogenesis, the spermatogonia migrate among Sertoli cells toward the
central lumen of the seminiferous tubule. The Sertoli cells are very large, with overflowing
cytoplasmic envelopes that surround the developing spermatogonia all the way to the central
lumen of the tubule.

Meiosis. Spermatogonia that cross the barrier into the Sertoli cell layer become progressively
modified and enlarged to form large primary spermatocytes (Figure 80-3). Each of these, in turn,
undergoes meiotic division to form two secondary spermatocytes. After another few days, these
too divide to form spermatids that are eventually modified to become spermatozoa (sperm).
During the change from the spermatocyte stage to the spermatid stage, the 46 chromosomes (23
pairs of chromosomes) of the spermatocyte are divided, so that 23 chromosomes go to one
spermatid and the other 23 to the second spermatid. This also divides the chromosomal genes so
that only one half of the genetic characteristics of the eventual fetus are provided by the father,
while the other half are derived from the oocyte provided by the mother. The entire period of
spermatogenesis, from spermatogonia to spermatozoa, takes about 74 days.

Sex Chromosomes. In each spermatogonium, one of the 23 pairs of chromosomes carries the
genetic information 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 chromosome, the male
chromosome. During meiotic division, the male Y chromosome goes to one spermatid that then
becomes a male sperm, and the female X chromosome 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 formed, they still have the usual
characteristics of epithelioid cells, but soon they begin to differentiate and elongate into
spermatozoa. As shown in Figure 80—4, each spermatozoon is composed of a head and a cell
with only a thin cytoplasmic and cell membrane layer around its surface. On the outside of the
anterior two thirds of the head is a thick cap called the acrosome that is formed mainly from the
Golgi apparatus. This contains a number of enzymes similar to those found in lysosomes of the
typical cell, including Ayaluronidase (which can digest proteoglycan filaments 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 flage/lum, 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 surrounding 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 triphosphate 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 reproduction later, but at this point, let us note that
several hormones play essential roles in spermatogenesis. Some of these are as follows:

1. Testosterone, secreted by the Leydig cells located in the interstitium of the testis, is essential
for growth and division of the testicular germinal cells, which is the first stage in forming sperm.
2. Luteinizing hormone, secreted by the anterior pituitary gland, stimulates the Leydig cells to
secrete testosterone.

3. Follicle-stimulating hormone, also secreted by the anterior pituitary gland, stimulates the
Sertoli cells; without this stimulation, the conversion of the spermatids to sperm (the process of

spermiogenesis) will not occur.



4. Estrogens, formed from testosterone by the Sertoli cells when they are stimulated by
folliclestimulating hormone, are probably also essential for spermiogenesis.

5. Growth hormone (as well as most of the other body hormones) is necessary for controlling
background metabolic functions of the testes.

Growth hormone specifically promotes early division of the spermatogonia themselves; in its
absence, as in pituitary dwarfs, spermatogenesis is severely deficient or absent, thus causing

infertility.



