
EMBRYOLOGY

Part I

gr. ἔμβρυον — «foetus»



Embryology –
is a study of formation, embryonic structure, early growth and 

development of living organisms.



Periods of human development

• Gametogenesis

• Fertilization

• Prenatal period:
– Conception (0-2 weeks)
– Embryonic (3-8 weeks)
– Fetal (9-40 weeks)

• Postnatal period:
– Newborn (0-28 days)
– Infancy (29 days - 1 year)
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Primordial germ cells migrate from the yolk sack
into the future gonad (6 week)

Gametogenesis



Male Reproduction



The testis has two primary functions

To produce mature spermatozoa within the seminiferous tubules (spermatogenesis)

To produce testosterone from Leydig cells within the interstitium of the testis

Leydig cells

Seminiferous epithelium 



Spermatogenesis
is the process by which haploid spermatozoa develop 
from germ cells in the seminiferous tubules of the testis



Mitosis of 

spermatogonia

16 days Formation of primary 

spermatocytes

Meiosis I 22-24 days Division of primary 

spermatocytes with 

formation 

of secondary 

spermatocytes

Meiosis II Several 

hours

Division of secondary 

spermatocytes with 

formation 

of spermatids

Spermiogenesis 24 days Differentiation of 

spermatids into the 

spermatozoa

Total ~64 days



I Spermatocytogenesis Formation of primary 

spermatocytes

II Meiosis formation 

of spermatids

III Spermiogenesis Differentiation of spermatids 

into the spermatozoa

Spermatogenesis



Spermiogenesis

• Formation of acrosome

• Migration of centrioles backwards and formation of flagella 

• Migration of mitochondria to the midpiece of tail

• Discarding the excess of cytoplasm



Spermatozoa





The seminiferous epithelium consists of two types of 
cells: Germ cells and Sertoli cells



Sertoli cell
a non-dividing somatic cell (in adulthood) of epithelial origin
Plays a crucial role in regulation of spermatogenesis

Secrete androgen 
binding protein (ABP) in 
response to follicle 
stimulating hormone 
(FSH)



Blood testis barrier

A physical barrier between the blood vessels and 
the seminiferous tubules 

The barrier is formed by tight connections 
between the Sertoli cells

The barrier prevents passage of cytotoxic agents 

The blood testis barrier can be damaged 

When the blood testis barrier is breached, and 
sperm enters the bloodstream, the immune system 
mounts an autoimmune response against the 
sperm

Developing gametes are protected from immunological destruction in the testis by Sertoli cells



Kartagener syndrome or immotile ciliary syndrome

• a rare, genetic disorder that causes defects in the action 
of cilia  lining the respiratory tract and fallopian tube, as 
well as in the flagella of sperm cells.

• Symptomes:

- Frequent respiratory infections

- Infertility





Female Reproduction
• Unlike males, who are able to produce sperm cells throughout their

reproductive lives, females produce a limited number of egg cells.

• During early fetal development germ cells migrate into the ovaries and
differentiate into oogonia.



Oogenesis
the differentiation of the ovum

Oogenesis begins during a female's 
development as a fetus, whereas 
spermatogenesis is initiated only at the 
time of puberty



• The oogonia divide by mitosis for the 
next few months and some differentiate 
into primary oocytes.

• By fifth month of development there 
are about 7 million primary oocytes, 
but most will degenerate by the birth 
time

• Those that remain will be surrounded by
a single layer of squamous epithelial
cells (follicle cells) called a primordial
follicle.

• Degeneration of primary oocytes
continues.

• At birth = 1million primordial follicles

• At puberty 400,000 remain



Oogenesis happens in ovaries



The primordial follicle
is the earliest stage of follicular development

• In the mature ovary, primordial follicles are found in the stroma of the cortex 

• The primary oocytes within the primordial follicles begin the first meiotic division in 
the embryo, but the process is arrested at the prophase of I meiotic division

• One layer of squamous follicular cells

• This long period of meiotic arrest exposes the primary oocyte to adverse environmental influences and may contribute to errors in 
meiosis. Such errors result in anomalies such as trisomy of chromosome 21 (Down syndrome)



Primordial follicles 
Squamous granulosa cells
Unilayer



• Primary oocyte

• One layer of cuboidal follicle cells

• Zona pellucida is formed between 

follicle cells and oocyte

Primary follicle



❑ Follicle cells undergo stratification

❑ Connective tissue cells form the theca 
layers of the secondary follicle:

➢ The theca interna is the inner, highly 
vascularized layer of cuboidal secretory cells. 
They synthesize and secrete the androgens 
that are the precursors of estrogen. 

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

Secondary follicles



• Follicular cells form the granulosa layer of the follicle

• Formation of fluid-containing cavities

Tertiary follicles



Tertiary Follicle

Developing 
Antral Cavity

*

*

*

Thecas



• The mature or Graafian follicle contains a 
large cavity (antrum)

• Before ovulation first meiotic division is 
over, forming secondary oocyte

• The secondary oocyte is arrested at 
metaphase in the second meiotic division.

Fluid filled antrum

Granulosa cells Oocyte 2

Corona radiata

Stalk

Zona pellucida

Mature Graafian follicle



Tertiary Follicle                                     Graafian Follicle

Thecas

Antral 
Cavity

Corona 
Radiata

Cumulus 
Oophorus





Ovum

nucleus

Follicular epithelium

Corona radiata

Cortical granules

Yolk inclusions

Zona pellucida

ZP3

plasmolemma
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Fertilization
The process in which the spermatozoon penetrates into the ovum to form fertilized ovum 

called a zygote.

occurring primarily in the ampulla of the fallopian tube

Of the 200 to 300 million 
spermatozoa normally
deposited in the female 
genital tract, only 300
to 500 reach the site of 
fertilization. Only one
of these fertilizes the egg. 



Of the 200 to 300 million spermatozoa normally
deposited in the female genital tract, only 300
to 500 reach the site of fertilization. Only one

of these fertilizes the egg. 



• Spermatozoa “founds” the ovum by chemotaxis

• They follow a concentration gradient of a chemoattractant secreted
from the oocyte and thereby reach the oocyte in the uterine tube

• The chemoreceptors are located on the tail of spermatozoa

Fertilization



Capacitation
Capacitation- removal of glycoproteins (decapacitation factor) which cover 

the sperms





Process of fertilization

Sperm bind to sperm receptor ZP-3 induces

Acrosome reaction：release of acrosomal enzyme



① Fusion of the  
membrane of       

sperm  and ovum

② The nucleus     
of sperm 

penetrate into 
ovum

③ Formation of  
pronuclei

④ Fusion of 

pronuclei

Process of fertilization

Alteration of ovum 24 h



Cortical reaction
Cortical granules → perivitelline space → degrade ZP-3, 

alteration of zona pellucida → barrier for sperm penetration



Zygote

1 – father’s pronucleus
2 – mother’s pronucleus
3 – centrioles
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