
EMBRYOLOGY

Part II

gr. ἔμβρυον — «foetus»



Zygote

1 – father’s pronucleus
2 – mother’s pronucleus
3 – centrioles
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Cleavage
a series of mitotic divisions of zygote, increasing the numbers of cells

As the zygote travels down 
the oviduct it undergoes 
cleavage  without 
increasing  its size. This  
subdivides  the large zygote 
into many smaller daughter 
cells called blastomeres. 
24 Hours: First cleavage. 
48 Hours: Second cleavage.



3 Days: Embryo consists  of 6 to 12 cells, 
reorganization (compaction: Uvomorulin, 
a glycoprotein is involved in compaction) 
of the blastomeres, starts  at the 8 cell  
stage. 
The centrally placed blastomeres  are now 
called the inner cell mass (they give rise to 
most of the embryo proper, which is also 
called the embryoblast).
The blastomeres at the periphery 
constitute the outer cell  mass 
(trophoblast ), they are the primary 
source for the membranes of the 
placenta. 

4 Days: Embryo consists of 16 to 32 cells called 
morula.

Cleavage



Phase of cleavage

Fertilized 

egg

2-cell stage

18~36h

4-cell stage

36~48h

8-cell stage

48~60h



Morula

Mulberry

4 Days: Embryo consists of 16 to 32 cells called 
morula.

About the time the morula enters the uterine cavity



5 Days: The blastocyst is formed. 

A  large cavity called the blastocyst 
cavity (blastocele) forms.
The embryoblast cells form a 
compact mass at one side of the 
cavity (embryonic pole), while
the trophoblast is organized into a 
thin, single-layered epithelium

In the uterine cavity fluid begins to penetrate through the zona pellucida into 
the intercellular spaces of the inner cell mass and finally, a single cavity, the 

blastocele, forms.

Blastocyst formation 



Appearance and inner structure of blastocyst

Appearance Inner structure



Веfore Implantation

Hatching of zona pellucida under 

the influence of uterine secretion



Implantation (imbedding)

The process by which the blastocyst 
settles into the endometrium.

6th day to 11th day

Body of uterus



Implantation
I Apposition: 
the blastocyst contacts 
the implantation site of 
the endometrium 
II Adhesion: trophoblast 
cells of the blastocyst 
attach to the receptive 
endometrial epithelium 
III Invasion: invasive 
trophoblast cells cross the 
endometrial epithelial 
basement membrane and 
invade the endometrial 
stroma



Morphological and functional changes 

to endometrial stromal cells (ESCs), 

the presence of decidual white blood 

cells (leukocytes), and vascular 

changes to maternal arteries. The sum 

of these changes results in the 

endometrium changing into a structure 

called the decidua. 

In humans, the decidua is shed 

during childbirth.

Stromal cells surrounding the implanting blastocyst differentiate into a 

specialized cell type called decidual cells, via a process known as 

decidualization

https://en.wikipedia.org/wiki/White_blood_cell
https://en.wikipedia.org/wiki/Decidua
https://en.wikipedia.org/wiki/Childbirth


• 6 Days: Blastocyst implants into the 
uterine wall. 

• The blastocyst hatches from the zona
pellucida before implanting. 

• The trophoblast at the embryonic pole 
differentiates to produce the 
syncytiotrophoblast, and begins to 
implant the blastocyst into the uterine 
endometrium. 

• Some of the proliferating trophoblast cells 
lose their membranes and form a 
syncytium. The trophoblast cells, which 
form the wall of the blastocyst, retain 
their cell membranes and constitute the 
cytotrophoblast.

• Secretion of hCG (maintaining of corpus 
luteum



Implantation



Implantation

Day 6-12 after fertilization



Ectopic pregnancy - when a 
blastocyst implants in the 
peritoneal cavity on the surface 
of the ovary, within the oviduct, 
or at an abnormal site in the 
uterus. Ectopic pregnancy is 
often revealed by symptoms of 
abdominal pain and/or vaginal 
bleeding



Prenatal Development

Gametes

Zygote

Morula,

Blastocyst

Fertilization

Cleavage

Gastrulation

Neurulation
Histogenesis

Organogenesis

Gametogenesis



GASTRULATION

• Gasrulation - process of three germ layers 
formation: 

– external (ectoderm)

– middle (mesoderm)

– internal (endoderm)

• 2 stages: 
– Delamination – 7th day, 

– Immigration - 14-15th day



Inner cell mass

2 layers of cell  in disc (7th day)
Epiblast: columnar cells adjacent to 
trophoblast
Hypoblast: cuboidal cells adjacent to 
blastocоel

Amniotic cavity

Primary yolk sac

I Delamination – Dividing of the inner cell mass into two layers: 

External layer– epiblast
Internal layer– hypoblast 



I DELAMINATION:

Part of epiblast cells will form the 

wall of amniotic vesicle

Another part of epiblast cells close 

to the hypoblast will give rise to 

the embryo

Hypoblast cells will form the wall of 

the yolk sac

epiblast

hypoblast



II IMMIGRATION:

Second stage of gastrulation –

immigration of cells

1. Formation of the PRIMITIVE SREAK –

longitudinal thickening of the epiblast

2. Formation of the PRIMITIVE NODE at 

the anterior (cranial) end of the primitive 

streak, through which cells will migrate 

and form mesoderm, endoderm and 

notochord



1
2
3
4
5
6
7
8
9

NB

Primitive sreak

primitive pit

primitive node

oropharyngeal membrane

cardiac plate

amniotic membrane

mesoderm

endoderm

cloacal membrane

1+2+3 primitive sreak



As the hypoblast is replaced by endoderm cells moving in at the 
streak, cells of the notochordal plate proliferate and detach from the 
endoderm. They then form a solid cord of cells, the definitive 
notochord, which underlies the neural tube and serves as the basis 
for the axial skeleton. 
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• Induction  of the neural plate.

• The  axial mesoderm & 
notochord induce the overlying 
ectoderm to form the neural 
plate. 

Neurulation
is a process in which the neural plate bends up and later fuses to form the 

hollow tube that will eventually differentiate into the brain and the spinal cord 
of the central nervous system





Neural  Crest
• During  neurulation neural 

crest cells begin to migrate 
in a craniocaudal wave

• Neural crest cells are an 
extremely important 
population of cells that 
migrate into the embryo to 
form a variety of structures



Ectoderm
• Nervous system

• Epidermis of skin, glands, hair, nails.



Endoderm

• Epithelium of GI and respiratory tract, urinary bladder



Mesoderm

• Connective tissue
– Specialized (cartilage, bone, bone marrow, blood, 

adipose tissue) 
– Nonspecialized (ligaments, tendons, fascia)

• All muscle
• Heart and vessels
• Urinary system
• Reproductive system
• Immune system



Mesoderm

• Dorsal (Paraxial)
• Intermediate
• Lateral:

–Somatic
–Splanchnic



Dorsal mesoderm - Somite



• Somites
subdivide into:

1. Dermatomes: 
form the dermis 
of the skin

2. Myotomes:
skeletal muscles

3. Sclerotomes:
bones of axial 
skeleton



Intermediate mesoderm

• Urinary system

• Genital system



Lateral mesoderm

• Somatic: 
➢ limbs
➢Body walls, including 

parietal serous 
membrane

• Splanchnic:
➢Cardiovascular system
➢Blood 
➢ all layers of the 

intestines' wall (except 
the epithelium), 
including visceral 
serous membrane





Provisional organs are formed at

early stages of embryonic

development:

• Yolk sac

• Allantois

• Amnion

• Chorion

They form fetal membranes,

connect the embryo with mothers

organism and perform other

special functions

Provisional organs



• Extraembryonic

mesoderm divides into 

internal and external 

layers:

• Internal layer takes 

part in the formation of 

external layer of 

amnion, yolk sac and 

allantois

• External layer lines 

trophoblast from inside 

and together they form 

chorion

Provisional organs



Wall of the yolk sac: 

• Internal layer – extraembryonic endoderm, 

• External layer - extraembryonic mesoderm.

Yolk sac takes part in the formation of the primitive gut. 

Yolk sac gives rise to:

• Primitive blood cells

(differentiate to blood cells and 

endothelial cells of vessels)

• Primordial germ cells

(migrate to the future gonads)

Yolk sac



• Allantois – an outpocketing of 

the primary gut into the 

connecting stalk (future umbilical 

cord)

• Well developed vessels, that 

will further guide the vessels 

of the umbilical cord

• Degenerates during 2nd month 

of development and forms first 

urachus - a canal that connects 

the urinary bladder of the fetus 

with the umbilical cord, and then 

median umbilical cord

Allantois



amniotic membrane:  0.2-0.5mm
extraembryonic ectoderm + extraembryonic mesoderm

amniotic fluid: 500-1000ml 

amniotic cavity - The amniotic fluid-filled cavity 
surrounding the developing embryo/fetus within the 
uterus.

Amnion







Chorion consists of 
cytotrophoblast and 
syntcytiotrophoblast . 
Invaginates the wall of the 
uterus, forming the fetal part 
of placenta. 

Chorion



9-13 days: 

• Fusion (5) of trophoblastic lacunae
(3) and mothers capillaries (4). 

• Evagination of cytotrophoblast (1) 
into syntytiotrophoblast (2) –
formation of primary chorionic 
villi (А).



• After Day 16 extraembryonic mesoderm invaginates into the 
primary villi. 

• Formation of secondary chorionic villi (А), consisting of
mesenchyme(1), cytotrophoblast (2) and syncytiotrophoblast (3).



• At the end of week 3 cells of mesencyme (1) differentiate into the capillaries 
(4) and cells of connective tissue

• Now chorionic villi have capillaries (4), surrounded by loose connective tissue
(1), cytotrophoblast (2) and syncytiotrophoblast(3), and become tertiary 
chorionic villi (А).



After 4th month cytotrophoblast gradually disappears.
Chorionic villi:

1 – connective tissue and capillaries
2 – remnants of cytotrophoblast
3 – syncytiotrophoblast



Placenta

Chorion                       Decidua 



Umbilical arteryUmbilical vein

Spiral arteryUterus vein

Decidua bsalis
Placenta septa



Decidua - endometrium  implantation decidua

Decidua basalis：under 
the implantation site

Decidua capsularis：
between the implantation  
site and the uterine 

lumen

Decidua parietalis：
remaining endometrium



Functions: 

• Gas and metabolic 

exchange

• Endocrine (pregnancy 

hormones)

- hCG

- Estrogen

- Progesteron

- Relaxin

- Prolactin

• Immune protection

Placenta



Barrier between mother’s blood 

and baby's blood:

• Syncytiotrophoblast (3) 

• Cytotrophoblast (2)

• Basal membrane of the 

trophoblast

• Connective tissue (1)

• Basal membrane of the 

capillary(4)

• Endothelium of fetal capillary 

(4)

Placental barrier





Placenta



Monozygotic twins



Siamese twins


