
Prefertilization Events

 Development of gonads  :
 The gonad region forms as a longitudinal elevation of intermediate mesoderm called the urogenital ridge 

& differentiates into either the testes or ovary only after being populated by primordial germ cells which 
migrate to it from the wall of the yolk sac at week 4 of human development.. 

 Testes development is directed by:
a) Sry gene on the short arm of Y chromosome → encodes for the testes-determining factor (DTF).
b) Testosterone which is secreted by the Leydig cells.
c) Mullerian-inhibiting factor (MIF) which is secreted by Sertoli cells.

 No factors are needed for development of the ovary.

 Gametes (oocytes & sperms):  
 Descendants  of  primordial  germ 

cells which  originate  in  the  wall  of 
yolk sac of the embryo & migrate to 
the gonad region at week 4.

 They  are  produced  in  adults  by 
gametoenesis (oogenesis in females & 
spermatogenesis in males) that involve 
meiosis.

 Chromosomes:  
 State of chromosomes: 

 Ploidy: number of chromosomes in a cell → either 23 (haploid) or 46 (diploid).
 N number: amount of DNA in a cell → 1N, 2N or 4N.
- N number depends on the ploidy & state of chromosomes

Haploid cells (23 chromosomes) Diploid cells (46 chromosomes)
Single Double Single Double

N number 1N 2N 2N 4N

 Normal  somatic  cells contain  46  single  chromosomes  (46,  2N)  arranged  in  23  homologous  pairs 
(homologues), one chromosome of each pair is of maternal origin & the other is of paternal origin. 
- Pairs 1-22 → autosomal (non-sex) chromosomes.
- Pair 23 → sex chromosomes (XX for females or XY for males).

 Gametes contain 23 single chromosomes (23, 1N)
- Female gametes   contain only the X sex chromosome.
- Male gametes   contain either the X or Y sex chromosome, so → it is the male gamete that determines the 

genetic sex of the offspring.
 



Cell type Ploidy, N number
- Normal somatic cells
- Primordial germ cells, oogonia, spermatogonia, zygote, blastomeres

46, 2N

- 1ry oocyte, 1ry spermatocyte 46, 4N
- 2ry oocyte, 2ry spermatocyte 23, 2N
- Oocyte (ovum), spermatid, sperm 23, 1N

 Meiosis:   
 Specialized process of cell 

division  that  occurs  only 
during  the  production  of 
gametes.

 Consists of 2 cell divisions 
(meiosis  I  &  meiosis  II) 
that  results  in  4  gametes 
each is 23, 1N.

 Benefits of meiosis:
1. Reduces  the  number 

of  chromosomes 
within  the  gametes  to 
maintain  the  human 
species  number  of 
chromosomes  (46) 
between generations.

2. Redistributes  maternal 
&  paternal 
chromosomes  to 
ensure  genetic 
variability.

3. Promotes exchange of 
small  amounts  of 
maternal  &  paternal 
DNA  via  crossover 
during meiosis I

 Important events during meiosis:
Meiosis I Meiosis II

Synapsis Pairing of 46 homologous double chromosomes Absent
Crossing over Exchange  of  segments  of  paternal  &  maternal 

DNA
Absent 

Alignment & 
disjunction

46 homologous double chromosomes align at the 
metaphase  plate  &  separate  from  each  other, 
centromeres don’t split

23  double  chromosomes  align  at 
the  metaphase  plate,  centromeres 
split

Cell division Two 2ry gametocytes, each is 23, 2N 4 gametes, each is 23, 1N



 Nondisjunction:   if  disjunction doesn’t  occur during meiosis  I  or II,  equivalent  chromosome separation 
doesn’t occur resulting in abnormal gametes with 24 single chromosomes & 22 single chromosomes. 
 Trisomy results from fertilization between normal gamete (23 single chromosomes) & abnormal gamete (24 

single chromosomes) → zygote with 47 single chromosomes.
 Monosomy results from fertilization between normal gamete (23 single chromosomes) & abnormal gamete 

(22 single chromosomes) → zygote with 45 single chromosomes.

 Female gametogenesis (oogenesis):  
 Primordial germ cells (46, 2N) reach the ovary at week 4 of embryonic development & differentiate into 

oogonia (46, 2N) → enter meiosis I & undergo DNA replication to form 1ry oocytes (46, 4N).
 All 1ry oocytes are formed by the 5th month of fetal life & remain dormant in the prophase (diplotene) of 

meiosis I until puperty (1st arrested stage of meiosis). No oogonia are present at birth.
 After puberty & during a woman’s ovarian cycle, a 1ry oocyte completes meiosis I to form a 2ry oocyte (23, 

2N) & the 1st polar body which degenerates.



 The 2ry oocyte enters meiosis II & ovulation occurs when the chromosomes align at the metaphase. The 
2ry oocyte remains arrested in the metaphase of meiosis II until fertilization occurs (2nd arrested stage of 
meiosis).

 At fertilization, the 2ry oocyte completes meiosis II to form the mature oocyte (23, 1N) & 2nd polar body.
 N.B., with  each  ovarian  cycle,  about  5-15  1ry  oocytes  will  begin  maturation  & only  one  reaches  full 

maturity. 
 N.B., oocytes that ovulated late in a woman’s reproductive life may have been dormant for as long as 40 

years.

 Approximate number of oocytes  :
a) 1ry oocytes:
- At month 5 of fetal life → 7 millions.
- At birth → 2 millions (5 millions have degenerated).
- At puberty → 40,000 (1.96 millions more have degenerated).

b) 2ry oocytes:
- 12 are ovulated per year → up to 480 over the whole reproductive life of the woman (40 years) → 

this  number  is  ↓ed by  pregnancy (ovulation  stops),  birth  control  pills  (prevent  ovulation)  & in 
women who have anovulatory cycles. 

 Prolonged  dormancy  of  1ry  oocytes  may  be  the  reason  for  the  high  incidence  of  chromosomal 
abnormalities in the offspring of old women such as Down syndrome (trisomy 21).

 Male gametogenesis (spermatogenesis):   3 phases
A. Spermatocytogenesis  :

 Primordial  germ cells  (46,  2N)  reach the  testes  at  week  4  of  embryonic  development  & remain 
dormant until  puberty at which they differentiate into  type A spermatogonia (46, 2N)  → undergo 
mitosis to provide a continuous supply of stem cells throughout the male reproductive life. 

 Some type A spermatogonia differentiate into type B spermatogonia (46, 2N).

B. Meiosis  :  type  B  spermatogonia  enter  meiosis  I  &  undergo  DNA  replication  to  form  two  1ry 
spermatocytes (46,  4N)  which  complete  meiosis  I  to  form  2ry  spermatocytes (23,  2N)  → enter  & 
complete meiosis II to form 4 spermatids (23, 1N).

C. Spermiogenesis  :
 Spermatids  undergo a postmeiotic  series  of  morphologic  changes  to form  sperms (23,  1N) which 

include formation of the acrosome, condensation of the nucleus & formation of the head, neck & tail. 
The total time of sperm formation (from spermatogonia to sperms) is about 64 days.

 Newly ejaculated sperms are incapable of fertilization until they undergo capacitation  which occurs in 
the female reproductive tract.

 Capacitation takes  about 7  hours & involves  unmasking  of  glycosyltransferases on the  sperm cell 
membrane & removal of proteins that coat the surface of the sperm (derived from the seminal fluid).

 N.B., there is an increased incidence of achondroplasia in the offspring of old
 Male fertility depends on the number & motility of the sperms. Fertile males produce 20-100 million sperm/ml 

of semen, normally up to 10% of which may be grossly deformed (2 heads or 2 tails).

 Hormonal contraception:  
1. Oral contraceptives:

a) Combination pills b) Progesterone-only pills
- Contain both estrogen & progesterone.
- Taken for 21 days & discontinued for 7 days.
- Mechanism  of  action  :  prevent  ovulation  by 

- Contain progesterone only
- Taken continuously
- Unknown  mechanism  of  action,  however 



inhibiting secretion of GnRH, FSH & LH progesterone  causes  thickening  of  cervical  mucus 
making it  hostile  to sperm migration & thinning of 
the endometrium making it unprepared for conceptus 
implantation. 

2. Medroxyprogesterone  acetate  (|Depo-Provera):  progesterone-only  injection  form,  given  IM & will 
prevent ovulation for 2-3 months.

3. Levonorgestrel (Norplant):  progesterone-only product within capsules implanted subdermally  that will 
prevent ovulation for 1-5 years. 

4. Postcoital contraception (morning-after pill): 
 Diethylstilbestrol 25 mg taken twice a day for 5 days or 2 combination pills  up to 72 hours postcoital 

followed by 2 pills 12 hours later.
 If failed, therapeutic abortin is recommended because of the potential teratogenic effects of steroids.

Week 1 of human development (days 1-7)

 Fertilization:  
 Occurs in the ampulla of the uterine tube.
 The sperm penetrates corona radiate & then binds to the zona pellucida of the 2ry oocyte & triggers the 

acrosome reaction causing the release of acrosomal enzymes (acrosin) which helps the sperm penetrating 
the zona pellucida.

 Penetration of zona pellucida triggers the cortical reaction rendering the 2ry oocyte impermeable to other 
sperms.

 The sperm & 2ry oocyte cell  membranes fuse & the contents of the sperm enter the cytoplasm of the 
oocyte.
- The male genetic material forms the male pronucleus.
- The tail & mitochondria of the sperm degenerate, so → all mitochondria within the zygote with their 

mitochondrial DNA are of maternal origin.

 The 2ry oocyte completes meiosis II, thus forming a mature ovum, the nucleus of which forms the female 
pronucleus..

 The male & female pronuclei fuse to form a zygote.





Cleavage:
 A series of mitotic divisions of the zygote with no change in the size of the cytoplasm → blastula which 

consists of increasing smaller cells called blastomeres.
 At the 32-cell stage, the blastomeres form a morula which consist of an inner cell mass & outer cell mass. 
 N.B., blastomeres are totipotent cells up to the 8-cell stage (each cell can form a complete embryo by itself).

 Blastocyst formation:  
 Fluid is secreted within the morula forming the blastocyst cavity.
 The inner cell mass  is now known as the embryoblast → will become the embryo.
 The outer cell mass is now known as the trophoblast → will become the fetal portion of the placenta.

 Implantation:  
 Zona pellucida must degenerate for implantation to occur.
 The blastocyst implants within the functional layer of the endometrium in the posterior superior wall of the 

uterus during the secretory phase of the menstrual cycle. 
 The embryonic pole of the blastocyst implants first.
 The trophoblast differentiates into cytotrophoblast & syncytiotrophoblast.



 Ec  
to
pi
c 

tubal pregnancy:
 The most common course of ectopic pregnancy.
 Occurs when the blastocyst implants within the uterine tube most commonly in the ampulla due to delayed 

transport.
 Risk factors: endometriosis, pelvic inflammatory disease (due to adhesions).
 Clinical picture: abnormal uterine bleeding, sudden onset of unilateral pelvic pain, last period 60 days ago, 

+ve hCG test &  culdocentesis showing intraperitoneal blood.
 Differential diagnosis: appendicitis, aborting intrauterine pregnancy & bleeding corpus luteum of a normal 

intrauterine pregnancy.
 Ectopic abdominal pregnancy: occurs most commonly in the rectouterine pouch (Douglas pouch).
 Twinning:   
1. Dizygotic (fraternal) twins: result from fertilization of 2 different 2ry oocytes by 2 different sperms → 2 

zygotes → 2 blastocysts each implants separately → 2 placentae, 2 chorions & 2 amniotic sacs → genetically 
different twins.

2. Monozygotic (identical) twins: result from fertilization of one 2ry oocyte by 1 sperm → 1 zygote → 1 
blastocyst whose inner cell mass embryoblast splits into two → genetically identical twins.
 In 65% of cases, the fetuses has 1 placenta, 1 chorion & 2 amniotic sacs.
 In 35% of cases, the fetuses has 2 placentae (separate or fused), 2 chorions & 2 amniotic sacs.
 If the embryoblast doesn’t split completely, the 2 embryos will be joined by a tissue bridge, e.g., at the 

head, thorax or pelvis → conjoined (Siamese) twins.



 In  vitro 
fertilization 
(IVF):



Week 2 (days 8-14)

 Embryoblast  development:   the  embryoblast  differentiates  into  2  distinct  cell  layers  → the  epiblast 
dorsally & hypoblast ventrally forming a bilaminar embryonic disk.
 Clefts  develop within  the  epiblast  & coalesce  to form the  amniotic  cavity dorsally.  The entire  future 

development of the embryo arises from the epiblast



 Cells from the hypoblast migrate along the cytotrophoblast to line its inner surface forming the exocoelomic 
membrane which limits the blastocyst cavity ventrally, now known as the exocoelomic cavity & later will 
be the yolk sac after a portion of the exocoelomic cavity separates forming exocoelomic cyst.

 At the future site of the mouth, hypoblast cells fuse with epiblast cells forming the prochordal plate.

 Trophoblast development:  
A. Syncytiotrophoblast  :

 The outer multinucleated zone of trophoblast.
 Arises from the cytotrophoblast as it doesn’t divide mitotically.
 It continues its growth into the endometrium & erodes endometrial blood vessels & glands forming 

lacunae filled with nutritive maternal blood & glandular secretions. 
 Isolated lacunae fuse to form a lacunar network.
 Maternal blood flows in & out of the lacunar network, thus forming early uteroplacental circulation, 

despite of which, the embryoblast receives maternal nutrients via diffusion.
 The endometrial  stromal  cells  at  the  site  of  implantation  become filled  with  glycogen & lipids  → 

decidual cells.
 Decidua is the name applied to the endometrium during pregnancy which is shed after childbirth.
 The syncytiotrophoblast secretes hCG which is a glycoprotein that stimulates secretion of progesterone 

by the corpus luteum to maintain pregnancy until week 8 then the placenta takes over progesterone 
secretion. hCG is the basis of early pregnancy testing. It can be assayed in maternal blood at day 8 or in 
maternal urine at day 10 & is detectable throughout pregnancy..

 High hCG levels may predict multiple pregnancy, hydatidiform mole or choriocarcinoma.
 Low hCG levels may predict spontaneous abortion or ectopic pregnancy.

B. Cytotrophoblast  :
 Mitotically active → adds to the growth of syncytiotrophoblast.
 New cytotrophoblastic cells produce local mounds called  1ry chorionic villi which protrude into the 

surrounding syncytiotrophoblast.

 Extraembryonic mesoderm:  
 A new layer of cells derived from the epiblast that separates the exocoelomic membrane & cytotrophoblast.
 Spaces develop within the extraembryonic mesoderm & coalesce to form the  extraembryonic coelom 

which is called later the chorionic cavity.

 The extraembryonic coelom divides the extraembryonic mesoderm into:  
A. Extraembryonic somatic mesoderm (somatopleuric mesoderm):  lines the cytotrophoblast, forms 

the  connecting stalk  from which the conceptus suspends within the chorionic cavity & covers the 
amnion.

B. Extraembryonic visceral mesoderm (splanchnopleuric mesoderm): covers the yolk sac.

 The wall of the chorionic cavity is called the  Chorion & consists of 3 layers  → extraembryonic somatic 
mesoderm, cytotrophoblast & syncytiotrophoblast.





   Oncofetal antigens:   
 Cell surface antigens that normally appears only on embryonic cells.
 For  unknown  reasons,  they  re-express  themselves  in  human  malignant  cells,  e.g.,  carcinoembryonic 

antigen (CEA) in colorectal cancer & α-fetoprotein in hepatoma & germ cell tumors.

 Mifepristone (RU-486):   
 It  blocks progesterone receptors & will  initiate menstruation when taken within 8-10 weeks of the last 

period.
 If implantation has occurred, the conceptus will be sloughed along with the endometrium.
 96% effective in terminating pregnancy when used in conjunction with prostaglandins (PGE2 & PGF2α) 

which induce uterine contraction.
Embryonic period (weeks 3-8)



 Week 3 of embryonic development coincides with the 1st missed menstrual period which is the 1st indication of 
pregnancy.

 Embryonic period is a period of high susceptibility to teratogens.
 All major organ systems begin to develop during the embryonic period causing a craniocaudal & lateral body 

folding of the embryo. 
 By the end of the embryonic period, the embryo has a distinct human appearance. 

 Gastrulation:   
 It is  the process that establishes the 3 definitive germ layers of the embryo  → ectoderm, mesoderm & 

endoderm, thus forming a trilaminar embryonic disk by day 21 of development. These 3 layers give rise 
to all tissues & organs of the adult.

 It  is  first indicated by the formation of the  primitive streak within the epiblast  which consists of the 
primitive groove, primitive node & primitive pit. 

 All the 3 layers are formed by migration of epiblast cells through the primitive streak. 
- Epiblast  cells  migrate to the primitive streak & insert themselves between the epiblast & hypoblast, 

some displace the hypoblast to form the endoderm, others migrate cranially, caudally & laterally to form 
the mesoderm & now the epiblast is called the ectoderm.

 Cranial to the primitive streak is the prochordal plate which is the future site of the mouth & Caudal to it is 
the future site of the anus, known as the cloacal membrane.





























Ectoderm is involved in the formation of the nervous system (neuroectoderm & neural crest) & epidermis of 
the skin.

 Mesoderm gives further rise to:



a) Paraxial mesoderm  :
- On each side of the midline.
- Becomes organized into segments called somitomeres which form in a craniocaudal sequence.
- Somitomeres 1-7 contribute mesoderm to the pharyngeal arches.
- The remaining somitomeres form 35 pairs of somites which further differentiate into:
1. Sclerotome   → gives rise to bone & cartilage.
2. Myotome   → gives rise to muscle.
3. Dermatome   → gives rise to dermis of the skin.

b) Intermediate  mesoderm  : forms a  longitudinal  dorsal  dorsal  ridge  called  the  urogenital  ridge → 
formation of the kidneys & gonads.

c) Lateral mesoderm  : gets divided by the intraembryonic coelom into intraembryonic somatic mesoderm 
& intraembryonic visceral mesoderm. Intraembryonic coelom forms the body cavities (pleural cavity, 
pericardial cavity & peritoneal cavity).

 Notochord: solid cylinder of mesoderm extending in the midline of the trilaminar embryonid disk from the 
primitive node to the prochordal plate. It serves the following:
- It induces the overlying ectoderm to differentiate into the neuroectoderm → neural plate → neural tube.
- It induces formation of the vertebral bodies.
- It forms the nucleus pulposus of intervertebral disks.

 Cardiogenic  area: horseshoe-shaped region  of  mesoderm located  at  the  cranial  end  of  the  trilaminar 
embryonic disk & is involved in the formation of the future heart.

 Sacrococcygeal teratoma:  
 Tumor that arises from remnants of the primitive streak which normally degenerates & disappears.



 It is derived from pluripotent cells of the primitive streak, that’s why it contains various types of tissues (e.g., 
bone, nerve, hair).

 It occurs more commonly in female infants.
 It usually becomes malignant during infancy & must be removed by 6 months of age.

 Chordoma:  
 Benign or malignant tumor that arises from remnants of the notochord.
 May be found intracranially or in the sacral region.
 It occurs more commonly in men late in life (above 50 years).

 Caudal dysplasia (sirenomelia):  
 A groups of syndromes ranging from minor lesions of the lower vertebrae to complete fusion of the lower 

limbs.
 Results from abnormal gastrulation in which migration of the mesoderm is disturbed.
 It can be associated with either VATER or VACTERL.

V Vertebral defects V
A Anal atresia A
C Cardiovascular defects
T Tracheo-

Esophageal fistula
T

E E
R Renal defects R
L Upper Limb defects

Placenta, amniotic fluid & umbilical cord



 Decidua   is the name applied to the endometrium during pregnancy. It consists of:
1. Decidua  basalis:  

part  of  the  decidua 
on  which  the 
implanted blastocyst 
rests.

2. Decidua 
parietalis: part  of 
the  decidua  other 
than  the  site  of 
implantation.

3. Decidua 
capsularis:  part  of 
the  decidua  that 
covers  the 
blastocyst  & 
separates it from the 
uterine  cavity.  As 
the  fetus  grows,  it 
expands  &  fuses 
with  the  decidua 
parietalis,  thus 
obliterating the uterine cavity. 

 Chorion:  
 Chorionic villi develop in relation to the decidua basalis, they proceed from 1ry to 2ry to 3ry chonionic villi 

which form the villous chorion. 
 The part of chorion covered by the decidua capsularis has no villi → smooth chorion. 
 As the fetus grows, the amnion expands toward & fuses with the smooth chorion, thus obliterating the 

chorionic cavity & forming the amniochorionic membrane (bag of waters).



 Components of the placenta:   
1. Maternal component: decidua basalis.
2. Fetal component: villous chorion which consists of tertiary chorionic villi (derived from the trophoblast & 

extraembryonic mesoderm).

 Placental membrane:  
 Separates maternal from fetal blood & allows or denies various substances from passing through it to & out 

of the fetus.
 In  early  pregnancy,  it  consists  of 

syncytiotrophoblast,  cytotrophoblast 
(Langerhans  cells),  connective  tissue 
& endothelium of the fetal capillaries. 
Hofbauer cells are found in the CT & 
are most likely macrophages.

 In  late  pregnancy, the 
cytotrophoblast  degenerates  &  the 
connective  tissue is  displaced by the 
growth  of  fetal  capillaries,  leaving 
only  the  syncytiotrophoblast  & fetal 
capillary endothelium.

 Afterbirth appearance of the placenta:  
A. Maternal surface: 15-20 cotyledons (mass of villi) → cobblestone appearance. It is dark red & oozes blood 

due to torn maternal blood vessels.
B. Fetal surface: characterized by chorionic blood vessels & is covered by the amnion → smooth & shiny 

appearance.

 Beneficial substances that cross the placental membrane  
- O2, CO2 



- Glucose, amino acids, free fatty acids, vitamins
- Water, sodium, potassium, chloride, calcium, phosphate
- Urea, uric acid, bilirubin 
- Fetal & maternal RBCs
- Maternal serum proteins
- Unconjugated steroid hormones
- IgG which confers passive immunity to the fetus

 Harmful substances that cross the placental membrane  
- CO
- Organic mercury, lead
- Cocaine, heroin
- Viruses  →  rubella,  measles,  CMV,  herpes  simplex  type  2,  varicella  zoster,  variola,  Coxsackie, 

poliomyelitis
- Rubella virus vaccine
- Toxoplasma gondii, Treponema pallidum
- Anti-Rh antibodies
- Category  X  drugs  (absolute  contraindication  in  pregnancy)  →  thalidomide,  triazolam, 

cyclophosphamide,  chlorambucil,  methotrexate,  phenytoin,  warfarin,  isotretinoin,  clomiphene,  DES, 
alcohol, nicotine, oral contraceptives

- Category D drugs (definite  evidence of  risk to the  fetus)  → tetracycline,  doxycycline,  streptomycin, 
tobramycin,  amikacin,  Phenobarbital,  valproic  acid,  diazepam,  alprazolam,  chlordiazepoxide, 
chlorothiazide, lithium

 Substances that don’t   cross the placental membrane  
- Maternally-derived cholesterol, triglycerides & phospholipids
- Protein hormones as insulin
- IgA, IgD, IgE, IgM
- Bacteria
- Drugs → succinylcholine, curare, heparin, methyldopa

 Umbilical cord:   contains 
a) Right & left umbilical arteries → carry deoxygenated blood from the fetus to the placenta.
b) Left umbilical vein → carries oxygenated blood from the placenta to the fetus
c) Mucus connective tissue (Wharton’s jelly).
 The presence of only one umbilical artery within the umbilical cord is an abnormal finding that suggests 

cardiovascular abnormalities.

 Abnormal placental shapes:  
1. Velamentous placenta:  the umbilical  vessels travel  abnormally  through the amniochorionic  membrane 

before reaching the placenta. If umbilical vessels cross the internal os, a serious condition called vasa previa 
exists in which, if one of the umbilical vessels ruptures during pregnancy or labor, the fetus will bleed to 
death.

2. Bipartite or tripartite placenta: the placenta is formed of 2 or 3 connected lobes.
3. Duplex or triplex placenta: the placenta is formed of 2 or 3 separate lobes.
4. Succenturiate placenta: the placenta consists of small accessory lobes completely separate from the main 

placenta.
5. Membranous placenta: thin placenta that forms over the greater part of the uterine cavity.



 Placenta previa  :  
 Occurs  when the  placenta  attaches  in  the  lower  part  of  the  uterus, 

covering the internal os.
 Uterine blood vessels rupture late in pregnancy as the uterus starts to 

gradually dilate.
 Clinically presented by repeated episodes of bright red vaginal bleeding.
 The mother may bleed to death & the fetus will be also at risk because 

of the compromised blood supply
 Because  the  placenta  blocks  the  cervical  opening,  deliver  is  usually 

accomplished by CS.

 Placenta  as  an  allograft:   the  fetal  component  of  the  placenta 
inherits  both maternal & paternal genes & therefore may be considered as an allograft (foreign body) with 
respect to the mother. However the placenta is not rejected in most cases owing to 2 factors:
a) Syncytiotrophoblast  cells  lining  the villous  chorion lack MHC antigens & thus don’t  evoke an immune 

response.
b) Decidual cells within the endometrial stroma secrete PGE2 which inhibits T-lymphocyte activation. 

 Preeclampsia & eclampsia:  
 Preeclampsia refers to the sudden development of HTN, edema & proteinuria usually after week 32 of 

pregnancy. Eclampsia includes the additional symptom of convulsions.
 Risk factors: nulliparity, DM, HTN, renal disease, twin gestation, hydatidiform mole.
 Treatment: termination of pregnancy as soon as possible.

 Physical inspection of the umbilicus in a newborn infant may reveal:  
 Light gray shining sac indicating an omphalocele.
 Fecal (meconium) discharge indicating a vitelline fistula.
 Urine discharge indicating a urachal fistula.

 Amniotic fluid  
 Basically  is  water  that  contains  carbohydrates,  lipids,  proteins  (e.g.,  hormones,  enzymes,  α-fetoprotein), 

desquamated fetal cells & fetal urine.
 It is produced constantly by dialysis of maternal & fetal blood through blood vessels in the placenta & by 

excretion of fetal urine in the amniotic sac. It is then swallowed by the fetus, absorbed into the fetal blood 
through the GIT, removed by the placenta & passed into the maternal blood.

 Amount: gradually increased during pregnancy, reaches 1000 ml at term.

 Oligohydramnios:   
 Low amount of amniotic fluid < 400 ml in late pregnancy.
 Causes: inability of the fetus to excrete urine into the amniotic sac due to renal agenesis.
 It results in fetal deformities (Potter’s syndrome) & hypoplastic lungs due to increased pressure on the 

fetal thorax.

 Polyhydramnios:  
 Excess amount of amniotic fluid > 2000 ml in late pregnancy.
 Causes: inability of the fetus to swallow due to anencephaly or esophageal atresia.
 It is commonly associated with maternal diabetes.

 α-fetoprotein (AFP):  
 fetal albumin that is produced by fetal hepatocytes.
 Found in the amniotic fluid & maternal serum.



 Elevated AFP levels are associated with neural tube defects (spina bifida, anencephaly), omphalocele (allows 
fetal serum to leak into the amniotic fluid), esophageal & duodenal atresia (interferes with fetal swallowing).

 Reduced AFP levels are associated with Down syndrome.

 Premature rupture of amniochorionic membrane   is the most common cause of premature labor 
& oligohydramnios.

 Amniotic band syndrome:   bands of the amniotic  membrane encircle  & constricts  parts of  the fetus 
causing limb amputations & craniofacial anomalies.

 Fetal angiogenesis:  
 Mesoderm  differentiates  into  angioblasts which  form  angiogenic  cell  clusters.  Angioblasts  at  the 

periphery  give rise to the endothelium of blood vessels while  angioblasts  within the center give rise to 
primitive blood cells.

 Angiogenesis occurs 1st in extraembryonic visceral mesoderm around the yolk sac on day 17.
 By day 21, angiogenesis has occurred in the extraembryonic somatic mesoderm around the connecting stalk 

to form the umbilical vessels & in 2ry chorionic villi to form 3ry chorionic villi.
  Later on, angiogenesis occurs in the fetal mesoderm.
 Eventually  blood vessels  formed in  the  extraembryonic  mesoderm will  become continuous  with blood 

vessels within the embryo, thus establishing a blood vascular system between the embryo & the mother.

 Fetal hematopoiesis:  
 Occurs 1st within the extraembryonic visceral mesoderm around  yolk sac during week 3  → embryonic 

hemoglobin δ2ε2.
 Beginning at week 5, hematopoiesis is taken over by a 

sequence  of  embryonic  organs  →  liver,  spleen, 
thymus & bone marrow.
- Liver hematopoiesis → fetal hemoglobin α2γ2 → 

the predominant form during pregnancy.
- Bone  marrow  hematopoiesis (approximately 

week 30) → adult hemoglobin α2β2 → gradually 
replaces fetal hemoglobin.

 Fetal circulation:  

 Remnants created by closure of fetal circulatory structures
Fetal structure Adult remnant

- Right & left umbilical arteries Medial umbilical ligament
- Left umbilical vein Ligamentum teres
- Ductus venosus Ligamentum venosum
- Foramen ovale Fossa ovale
- Ductus arteriosus Ligamentum arteriosum




