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Chapter 01: Gametogenesis

Introduction

The human reproductive system is the only biological system that remains inactive until
puberty. This unique feature ensures that the body matures before engaging in reproductive
activities. The gonads, which include the testes in males and the ovaries in females, serve two
primary functions: the production of gametes and the secretion of sex hormones. Gametes are
specialized reproductive cells responsible for transmitting genetic information to the next
generation. Additionally, sex hormones play a crucial role in the regulation of reproductive
functions and the development of secondary sexual characteristics.

Gametogenesis

Gametogenesis is the biological process responsible for the formation of gametes, ensuring
genetic continuity across generations. This process involves cell division and differentiation to
produce haploid (n) gametes from diploid (2n) precursor cells. In males, the process is called
spermatogenesis, while in females, it is known as oogenesis. Spermatogenesis takes place in
the seminiferous tubules of the testes and begins at puberty, continuing throughout a man’s
lifetime. In contrast, oogenesis occurs in the ovaries and is largely completed before birth, with
the maturation of ova occurring cyclically from puberty until menopause.




University A/Mira Bejaia Animal Biology Course
Faculty of Natural and Life Sciences
Common Core Department of Natural Sciences

Part 01: Spermatogenesis

|. Male Reproductive System

The male reproductive system is a complex network of organs that work together to produce,
store, and transport spermatozoa. It consists of:

e Two testes — The primary male reproductive
organs responsible for sperm production and
hormone secretion.

o Excretory genital ducts — Includes the Seningiveaie
epididymis, vas deferens, and ejaculatory Prostate gland
ducts, which facilitate sperm transport. Fulboureteloend

e Accessory glands — The seminal vesicles, Urethra
prostate gland, and bulbourethral glands,

which produce seminal fluid to nourish and

Male Reproductive System Anatomy
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Figure 4. Male reproductive system anatomy

1. The Testes

The testes are oval-shaped structures located within the scrotum, an external pouch that
regulates their temperature. They measure approximately 4 cm in length and weigh between
10 to 159 each. Their placement outside the abdominal cavity provides a cooler environment
necessary for efficient sperm production.
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Figure 5. Testis anatomy

The testis perform two essential functions:

e Exocrine function — The production of male gametes (spermatogenesis).
o Endocrine function — The secretion of androgenic hormones, primarily testosterone,
which is crucial for male reproductive health.

Each testis is encased in a dense fibrous layer called the tunica albuginea, which divides the
testis into 200-300 lobules. Each lobule contains 1 to 3 seminiferous tubules, the site of sperm
production. The testicular structure also includes interstitial cells responsible for hormone
secretion.

2. The Seminiferous Tubules

Seminiferous tubules are highly coiled structures that serve as the site of sperm cell formation.
Each tubule measures between 30 to 70 cm in length and 200 pum in diameter. Within these
tubules, two main types of cells can be found:

o Germ cells — Present at different stages of spermatogenesis, responsible for producing
spermatozoa.

« Sertoli cells — Somatic cells that provide structural and metabolic support to developing
germ cells.

Between the seminiferous tubules lies the interstitial tissue, which houses Leydig cells. These
specialized cells secrete testosterone, the primary male sex hormone necessary for
spermatogenesis and the development of secondary sexual characteristics.

200um
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Figure 6. Cross-section of a seminiferous tube

I1. Spermatogenesis

1. Definition

Spermatogenesis is the continuous and highly regulated process by which sperm cells are
produced from precursor cells within the testes. It begins at puberty and persists throughout a
man's lifetime. The entire process takes approximately 74 days to complete and involves
several stages of cell division (mitosis and meiosis), followed by morphological
differentiation (spermiogenesis) to generate functionally mature spermatozoa.

2. Pathway of Sperm Cells

The development of sperm occurs within the seminiferous tubules and follows a distinct
pathway. As cells progress through the stages of spermatogenesis, they move closer to the
lumen of the tubule. Once fully matured, sperm cells are released into the lumen and travel
toward the epididymis, where they undergo final maturation and are stored until ejaculation.

3. Stages of Spermatogenesis
Stage 1: Multiplication (Mitosis)
e Spermatogonia are diploid stem cells that serve as the foundation of spermatogenesis.

e They divide by mitosis, ensuring a continuous supply of germ cells.
o Some of the resulting cells remain as stem cells, while others differentiate into primary

spermatocytes.
Stage 2: Growth ?
e Primary spermatocytes increase in
size as they accumulate cytoplasmic o
content and organelles. @ spermatacyt
e These enlarged cells are referred to ] s
as aUXocytES @ @ Second order
Stage 3: Maturation (Meiosis)
« Meiosis |: Each primary | @ @ ‘@ @ o
spermatocyte divides into two :
secondary spermatocytes.
o Meiosis Il: Each secondary (\} \J \J \} o
spermatocyte  undergoes another

division, yielding haploid
spermatids.

Figure 7. Steps of spermatogenesis
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Stage 4: Differentiation (Spermiogenesis)

e Spermatids undergo structural modifications to become spermatozoa:
o The Golgi apparatus forms the acrosome, which contains enzymes to penetrate
the egg.
The centriole elongates to form the flagellum, enabling sperm motility.
Mitochondria cluster in the midpiece, providing the energy required for
movement.
o The cytoplasm is reduced, ensuring a streamlined shape for efficient motility.

4. Structure of Sperm Cells

A fully developed sperm cell comprises:

Structure of a sperm cell

e Head — Contains the nucleus with genetic material, Head f.\
and is covered by the acrosome, which facilitates o _ )
. Intermediate S ——— . Mitochondria
egg penetration. plece

e Midpiece —Rich in mitochondria to generate energy
for movement.
« Tail (flagellum) — Ensures motility and propels the Tail

sperm toward the egg. (flagellum) 1.
After spermiogenesis, mature spermatozoa enter the lumen S
of the seminiferous tubules in a process called

spermiation. They are then transported to the epididymis, where they gain motility and the
ability to fertilize an egg.

Figure 8. Sperm structure
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Figure 9. Meiosis on spermatogenesis
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I11. Hormonal Regulation in Males

The regulation of spermatogenesis IS | Hypothalamic
controlled by the hypothalamic-pituitary- | hermones |GnRH|
gonadal axis:
e« The hypothalamus releases )
. . Anterior
Gonadotropin-Releasing Hormone | jiitary F) ()
(GnRH). hormones (Gonadatropins)
e GnRH stimulates the pituitary gland Q] S D
to secrete: . . . Endocrine o
o FSH (Follicle-Stimulating | targets
Hormone) — Activates Sertoli Tostes
cells to nourish developing
sperm cells.
o LH (Luteinizing Hormone) — l
Stimulates Leydig cells to
produce testosterone. Non-endocrine
o Testosterone triggers | targets
spermatogenesis and  promotes \
secondary sexual traits. ’fl':ét&'gf

Figure 10. Male hormonal regulation

2. Negative Feedback Mechanism
o High testosterone levels inhibit GhnRH and pituitary hormone release.
e Inhibin, secreted by Sertoli cells, decreases FSH production, regulating sperm
production.

This feedback system maintains hormonal balance, ensuring optimal sperm production and

reproductive health.
GnRH S
Feedback (
Pituitary gland
\
__ FSH+LH

A=)
\\”s\(
l\ﬁ\:\ //

N—

Testosterone

Figure 11. Feedback male system




