



         Genital organs

A- In males:-

  * Primary sex organ:- Testis
  * Genital ducts:- Rete testis → vasa efferentia → epididymis → vas deferens (ductus deferens) → ejaculatory duct → urethra




  * Structure of the testis:-

    - Divided into 250 lobules (250 compartments)

    - Each compartment contains 2:3 seminiferous tubules

    - The seminiferous tubules open into the rete testis → efferent ductules (vasa efferentia) → epididymis

  * Structure of seminiferous tubule:-

    - Lined by 2 types of cells

      a- Spermatogonia 

      b- Sertoli cells:- support the spermatogonia & help in maturation of sperms

  * Mechanisms of sperm movement (sperm transport):-

       1- Ciliary movement:- By the cilia of the epithelial cells of rete testis and vasa efferentia

       2- Peristaltic contractions:- By the muscles of the wall of vas deferens

       3- Active forward projecting motility of the sperms

B- In females:-

  * Primary sex organ:- Ovary

  * Genital ducts:- Uterine tubes → uterus → vagina

Gametogenesis
1- Spermatogenesis in males

2- Oogenesis in females

Spermatogenesis
Definition:- Formation of sperms from spermatogonia

Steps:-
1- Spermatogonia:- Each has 46 chromosomes
   - Lie on the basement membrane of seminiferous tubules
   - Each spermatogonium divides by mitosis into 2 cells that are

     a- Type A spermatogonia (lie on the basement membrane and undergo further mitotic divisions)

     b- Type B spermatogonia (will form primary spermatocytes) 

2- Spermatocytes:-

    - Type B spermatogonium enlarges to give primary spermatocyte

    - The primary spermatocyte (46 chromosomes) undergoes 1st meiotic division to give 2 secondary spermatocytes (22 Y and 22 X).

3- Spermatids:- The 2ry spermatocyte undergoes the 2nd meiotic division to give 2 spermatids (23 chromosomes)

4- Spermiogenesis:- It is the morphological changes that occur in the spermatid to give a complete sperm
       a- Formation of the head:- Derived from the nucleus

       b- Formation of the head cap (acrosomal cap):- 

          - Derived from the Golgi apparatus

          - Covers the anterior 1/2 of the head of the sperm
       c- Formation of the axial filament:- 

          - Derived from one of the centrioles
          - Gives the middle piece & the tail of the sperm
       d- Formation of the mitochondrial sheath around the middle piece:- Derived from the mitochondria.
Structure of sperm
1- Head:- 

   - Consists of the nucleus

   - Its anterior 1/2 is covered by the acrosomal cap 

2- Neck.

3- Middle piece:- Consists of the axial filament surrounded by the mitochondrial sheath.

4- Tail:- Consists of the terminal part of the axial filament

Abnormal sperms:-

 1- Giant sperm
 2- Dwarf sperm = Microsperm
 3- With 2 heads

 4- With 2 tails

 5- Very short tail

 6- Joined sperms = Fused sperms
 7- Long head
 8- Rough head
 9- Abnormal middle piece
Oogenesis
Definition:- It is the formation of mature ova from oogonia

Steps:-

A- Maturation of the ovarian follicle:-

  1- Maturation of the primary oocyte:-
      a- The primary oocyte (46 chromosomes) undergoes 1st meiotic division → gives 2ry oocyte (23 chromosomes) & 1st polar body

      b- The 2ry oocyte starts the 2nd meiotic division (this division is completed at time of fertilization to give mature ovum & 2nd polar body)

  2- Maturation of the follicular cells:-

    I- Formation of the primary follicle:-

      a- They proliferate to form several layers around the ovum

      b- Granules appear in their cytoplasm so called granulosa cells

      c- Granulosa cells become separated from the oocyte by a thick membrane called zona pellucida

    II- Formation of the secondary follicle:-

      a- Small cavities (filled with fluid) appear between the granulosa cells 

      b- These cavities coalesce to form a single cavity called follicular antrum

      c- Follicular antrum separates the granulosa cells into 2 layers

         1- Outer layer = stratum granulosum

         2- Inner layer = cumulus oophorus = cumulus ovaricus
    III- Formation of the mature (Graffian) follicle:-

      a- The pressure increases in the antrum
      b- Cumulus oophorus bulges into the antrum
      c- Theca folliculi:- A sheath formed around the follicle & consists of 2 layers
         1- Theca externa:- consists of fibrous tissue & big blood vessels

         2- Theca interna:- consists of cells & fine blood vessels

B- Ovulation

   1- It means rupture of the mature ovarian follicle (Graffian follicle) with the release of the 2ry oocyte surrounded by zona pellucida & corona radiata
   2- It occurs 14 days before the beginning of the following menstrual cycle

   3- Factors leading to ovulation are

        a- Enlargement of the follicle

        b- Increased pressure of the fluid inside the follicular antrum
        c- Thinning of the cortex of the ovary over the follicle

C- Formation of corpus luteum:-

    1- The ruptured ovarian follicle form the corpus luteum by the effect of luteinizing hormone (L.H.) 

    2- Yellow pigment (lutein pigment) accumulates in all of the granulosa cells &  some of theca interna cells to form granulosa lutein cells & theca lutein cells  

    3- Luteinized cells secrete progesterone hormone

    4- Theca interna cells that remain without luteinization secrete estrogen

    5- Collectively, progesterone increases & estrogen decreases

D- Fate of corpus luteum:-

     1- There are 2 types of corpus luteum:-
        a- corpus luteum of menstruation

          - if fertilization does not occur

          - remains for 10 days then degenerates
        b- corpus luteum of pregnancy:-

           - if fertilization occurs

           - remains for 4-5 months then degenerates
     2- After degeneration, corpus luteum changes to corpus albicans (white fibrous mass).

N.B.

 1- The process of spermatogenesis takes about 3 months (Each spermatogonium gives 4 complete sperms) 
 2- Male sperm contains (22 Y) chromosomes

 3- Female sperm contains (22 X) chromosomes

 4- The sperm become motile in the tail of epididymis
 5- The length of the whole sperm is 60 microns & its head is 4 microns.

 6- The seminal fluid consists of 2 components that are

    a- sperms
    b- secretions of 3 glands that are seminal vesicles, prostate and bulbo-urethral glands

7- Sperms = spermatozoa

8- The acrosomal cap of the sperm is enzymatically active (Secretes enzymes that facilitate fertilization)
9- The seminal fluid is alkaline

10- Theca interna cells are the main source of estrogen in the ovarian follicle
11- The ovary consists of 2 layers

    a- Cortex

    b- Medulla

12- The ovarian follicles are in the cortex

13- The lateral end of the uterine tube opens into the peritoneal cavity

14- The lateral end of uterine tube is fimbriated
15- The fimbria guide the ovum to enter the uterine tube
16- Maturation of ova begins before birth and completed after puberty
17- Corona radiate is the granulose cells that remain attached to zona pellucida after ovulation
18- The seminiferous tubules are convoluted

19- The spermatogonia are the most primitive cells in the seminiferous tubules

20- Efferent ductules = Vasa efferentia

21- The cytoplasm is increased in the ovum & reduced in the sperm

22- Volume of normal ejaculate = 3 – 5 cc

23- The number of sperms = 100 millions / cc

24- The primitive sex cells are the

    a- Spermatogonia in males

    b- Oogonia in females

25- Oogonia, oocytes & ovarian follicles:-

    - During early intra-uterine life, the ovary contains only oogonia

    - The oogonia divide by mitotic divisions → Reach 5 millions in number by the 5th month → 

        a- The majority of them degenerate

        b- The surviving oogonia enlarge to give primary oocytes → The primary oocytes begin the first meiotic division BUT remain arrested in the prophase stage of the first meiotic division until sexual maturity (Puberty)

    - Each primary oocyte is surrounded by a layer of flat follicular cells to form the primitive ovarian follicle

    - Primordial (Primitive) ovarian follicle consists of 2 components  

     a- Primary oocyte 

     b- Follicular cells

    - The primordial ovarian follicles remain dormant until puberty

26- At birth, the ovary contains primary oocytes inside the primordial ovarian follicles

27- Total number of primary oocytes is

    a- One million at birth

    b- 40,000 at puberty
28- Every month after puberty, more than one follicles begin maturation →

    a- One of them completes the maturation → Forms mature follicle

    b- The others degenerate and undergoes atresia → Atretic follicles
 29- The polar bodies are nuclear masses without cytoplasm & contains 23 chromosomes
30- Pellucid = Transparent 
31- Leydig cells:-

    - Between the seminefirous tubules

    - Secrete testosterone
Ovarian cycle

Definition:- 

  - Series of changes occur every month in the cortex of the ovary under the effect of FSH and LH secreted from pituitary gland

 Phases:-

A- Follicular phase = stage of follicle formation:-

  - Begins from the 1st day of menstrual flow

  - Includes maturation of primordial ovarian follicle till becomes Graffian follicle (mature ovarian follicle).

  - Under the effect of FSH.

  - Theca interna cells secrete estrogen

B- Ovulation:- 

  - At the 14th day

  - It means rupture of the mature ovarian follicle (Graffian follicle) with the release of the 2ry oocyte surrounded by zona pellucida and corona radiata.

C- Luteal phase = stage of corpus luteum:-

    - Under the control of LH hormone secreted by pituitary gland
    - The ruptured ovarian follicle form the corpus luteum 

    - Yellow pigment (lutein pigment) accumulates in all of the granulosa cells and some of theca interna cells to form granulosa lutein cells and theca lutein cells  

    - Luteinized cells secrete progesterone hormone

    - Theca interna cells that remain without luteinization secrete estrogen

    - At the end of the ovarian cycle, the corpus luteum degenerates to form corpus albicans.
Menstrual cycle

Definition:- Series of changes occur every month in the endometrium under the effect of ovarian hormones (estrogen & progesterone).

Phases:-

A- Stage of menstrual flow:-

    - The endometrium is shedded except the basal part that remains for the next cycle for regeneration of the endometrium

    - Lasts for 3-5 days

    - The menstrual blood consists of

     1- Venous and arterial blood
     2- Shedded endometrium
     3- Secretions of the endometrial glands

B- Proliferative phase = Estrogenic phase = Follicular phase:-

  - Lasts for 10 days

  - Ends by ovulation

  - Under the effect of estrogen secreted by Graffian follicle

  - The endometrium shows proliferation of its 3 components 

    1- Glands:- Increase in number and size and become tubular 

    2- Blood vessels:- Increase in number and size
    3- Stromal cells:- Increase in number

C- Secretory phase = Progestational phase = Luteal phase:-

   - Lasts for 10 days

   - Begins after ovulation  

   - Under the effect of progesterone secreted by corpus luteum

   - The 3 components of the endometrium show:

     1- Glands:- Dilated and distended with secretions (these secretions rich in glycogen and mucin).

     2- B.Vs.:- Dilated, spiral & show many arteriovenous anastomoses.

     3- Stromal cells:- Enlarge due to accumulation of glycogen and lipids.

   - Ends by degeneration of corpus luteum → cessation of estrogen and progesterone → degeneration of the endometrium → shedding of the endometrium except the basal part → Menstrual flow.
D- Premenstrual phase = Ischemic phase:-

    - Lasts from 24th : 30th days

    - This phase is due to degeneration of corpus luteum → decreased level of estrogen and progesterone → constriction of the endometrial blood vessels → ischemia and necrosis of the endometrium → shedding of the endometrium except the basal part.

Effect of progesterone & estrogen secreted by corpus luteum

1- On pituitary gland:- Decrease the secretion of FSH → Prevent maturation of more primordial follicles in the same cycle 

2- On the uterus:- Lead to proliferation & increased activity of the endometrial glands during the secretory phase of menstrual cycle.

N.B.:-

1- At the end of ovarian cycle, the corpus luteum degenerate → Cessation of progesterone & estrogen → Pituitary gland secretes FSH → Beginning of new ovarian cycle

2- If fertilization occurs → the corpus luteum lasts for 4 – 5 months until the placenta is completely functioning → stoppage of ovarian cycle until after birth.

Fertilization 

Definition:- Fusion of the male and female gametes to form the zygot

Site:- In the ampullary (dilated) part of the uterine tube = in the lateral 1/3 of uterine tube

Steps:- The sperm penetrates the 3 coverings of the ovum

  1- Penetration of corona radiata:- Facilitated by hyaluronidase enzym secreted from the acrosomal cap of the sperm

  2- Penetration of zona pellucida:  Immediately after its penetration, zona pellucida prevents penetration by other sperms

  3- Penetration of vitelline membrane (cell membrane of the ovum):- Immediately after penetration, the 2nd meiotic division is completed to form the mature ovum & the 2nd polar body is extruded

   4- Fusion of male & female pronuclei:-

      - Only the head of the sperm that enters into the ovum and forms the male pronucleus

      - Female pronucleus fuses with the male pronucleus to form the nucleus of the zygote

Results:-

  1- Restoration of the diploid number of chromosomes (46 chromosomes).

  2- Determination of the sex of the embryo

  3- Beginning of cleavage (segmentation).

Blastocyst

Parts:-

1- Outer cell mass:- 

   - It is the wall of the blastocyst

   - Will form the trophoblast

   - Its functions are nutrition & protection 

2- Inner cell mass:- will form the embryo (Embryoblast)

3- Blastocoele = the cavity of the blastocyst

Changes that occur in the blastocyst during implantation
1- The trophoblast (the outer cell mass) will form 2 layers:-

       a- Syncytiotrophoblast = the outer layer

       b- Cytotrophoblast = the inner layer

2- The inner cell mass will 2 layers (bilaminar):-

       a- Dorsal layer = Epiblast = Ectoderm:- Columnar cells 

       b- Ventral layer = Hypoblast = Endoderm:- Cuboidal cells 
3- The bilaminar embryonic disc is between 2 cavities:- 

       a- Amniotic cavity:- dorsal

       b- Yolk sac:- ventral

Implantation

Steps of implantation of the blastocyst:-

1- Starts by the end of 1st week after fertilization

2- The trophoblast erodes the endometrium by the proteolytic enzymes → Forms implantation cavity.

3- The first part that enters the endometrium is the embryonic pole (over the inner cell mass).

4- The last part that enters the endometrium is the ab-embryonic pole (opposite the embryonic pole).

5- Implantation is completed when the blastocyst is completely embedded in the endometrium and the penetration site is closed behind the implanted blastocyst by regeneration of the endometrium

6- Implantation is completed 9 days after fertilization

7- The commonest normal site of implantation is the upper part of posterior wall of uterus. 

Abnormal sites of implantation
1- Placenta previa:- implantation in the lower part of the uterus (near the cervix). There are 4 types

    a- Placenta previa centralis:- The placenta covers the internal os of the cervix completely

    b- Placenta previa lateralis:- The placenta covers the internal os partially

    c- Placenta previa marginalis:- The placenta is at the margin of the internal os without covering it

    d- Low-lying placenta previa

2- Ectopic pregnancy:- implantation outside the uterus

    a- In the uterine tube:- Tubal pregnancy

    b- In the abdomen:- Abdominal pregnancy

    c- On the ovary:- Ovarian pregnancy.
N.B.

1- Fertilization occurs while the ovum is 2ry oocyte
2- The 2nd meiotic division of the ovum is completed at the time of fertilization
3- The pronucleus contains 23 chromosomes but the nucleus contains 46.

4- If fertilization does not occur → 

      a- The ovum  dies after  24 hours   of   ovulation 
      b- The sperm dies after  48 hours   of   ejaculation.
5- When the cells become 32, the zygot is called morula
6- The zygot moves in uterine tube by the cilia of its epithelial lining.

7- The zygot reaches the uterus 3 days after fertilization

8- In the uterus, zona pellucida disappears so the morula changes to blastocyst

9- Menstrual cycle lasts for 28 days = One lunar month

10- Volume of menstrual blood = About 50 cc

11- Capacitation = The process by which the sperm becomes capable of fertilizing the ovum.

12- Functions of zona pellucida:-

    a- Prevents other sperms to enter the ovum 

    b- Protects the zygot while passing in the uterine tube.

13- The blastocyst is formed 6 days after fertilization

14- Syncytiotrophoblast:- Multinucleated mass without cell walls

15- Cytotrophoblast:- Cells with well defined cell walls

16- In placenta previa, the placenta is below the fetus

17- In normal pregnancy, the placenta is above the fetus

18- During implantation, the trophoblast secretes HCG → Prolongs the life of corpus luteum → Continues to secrete estrogen & progesterone → Keeps the endometrium suitable for implantation & pregnancy.

M.C.Qs.

1- The ovulated mammalian oocyte is arrested at:

    a- Prophase of meiosis I

    b- Metaphase of meiosis I

    c- Prophase of meiosis II

    d- Metaphase of meiosis II

    e- None of the above

2- A complete process of growth and change converts the spermatid into a

    a- Spermatogonia

    b- Primary spermatocyte

    c- Secondary spermatocyte

    d- Function sperm

3- Which are called sperm mother cells

    a- Spermatids

    b- Spermatogonia

    c- Spermatocytes

    d- Primordial germ cells

4- At the end of spermatogenesis, each primary spermatocyte gives rise to

    a- Only one spermatid

    b- Two spermatids

    c- Three spermatids

    d- Four spermatids

5- Testis is made up of sperm tubules called

    a- Malpighian tubules

    b- Uriniferous tubules

    c- Seminiferous tubules

    d- Collecting seminiferous tubules

6- Gametogenesis is the formation of

    a- Gonads

    b- Ova

    c- Sperms

    d- Gametes

7- Name the special cells which provide nutrient material to the matured spermatozoa in the testis

    a- Spermatogonia

    b- Leydig's cells

    c- Interstitial cells

    d- Sertoli cells

8- The function of Sertoli cells is

    a- To secrete hormones

    b- To help in ejaculation

    c- To develop sperms

    d- To provide nutrition to developing spermatozoa in the testis
9- The acrosome is formed from

    a- Nucleus

    b- Golgi bodies

    c- Centrosome

    d- Mitochondria

10- Which one of the following undergo meiotic division

    a- Primordial germ cells

    b- Spermatogonia

    c- Primary spermatocytes

    d- Spermatids

11- First polar body is formed from

    a- Primordial germ cells

    b- Oogonia

    c- Primary oocyte

    d- Secondary oocyte

12- Chromosomal reduction during Gametogenesis occurs due to the 

    a- Meiosis

    b- Mitosis

    c- Non-disjunction

    d- Amitosis

13- Regarding spermatogenesis

    a- It starts before birth

    b- Primary spermatocytes have a haploid number of chromosomes

    c- Spermiogenesis is a process by which a spermatid is transformed into mature sperm

    d- Spermiogenesis occurs in the uterine (Fallopian) tube

    e- The first meiotic division is a reduction division by which a secondary spermatocyte divides into two spermatids.

14- The part of the sperm containing proteolytic enzymes to digest the zona pellucida is the:

    a- Capacitor

    b- Head

    c- Corona

    d- Acrosome

15- Which of the following statements is correct about zona pellucida

    a- Surrounds the oocyte in the ovary

    b- Protects oocyte in the uterine tube

    c- Is important for fertilization

    d- All of the above

16- Cleavage starts after fertilization in

    a- Fallopian tube

    b- Uterus

    c- Vestibule

    d- Clitoris

17- Corona radiata is made up of

    a- Zona pellucida around the oocyte

    b- Vitelline membrane

    c- Follicular cells around the oocyte

    d- Stratum functionalis

18- Corpus lueum develops from

    a- Oocyte

    b- Nephrostome

    c- Graafian follicle

    d- Ovarian medulla
19- Corpus luteum develops under the influence of

    a- Progesterone

    b- Estrogen

    c- FSH

    d- LH

20- Correct sequence in development is

    a- Fertilization – Zygot – Cleavage – Morula – Blastula - Gastrula

    b- Fertilization – Zygot – Blastula – Morula – Cleavage – Gastrula

    c- Fertilization – Cleavage – morula – Zygot – Blastula – Gastrula

    d- Cleavagage – Zygot – Fertilization – Morula – Blastula – Gastrula

21- When released from ovary, human egg contains

    a- One Y chromosome

    b- Two X chromosomes

    c- One X chromosome

    d- XY chromosomes

22- Correct sequence of hormone secretion from beginning of menstruation is

    a- FSH, progesterone, estrogen

    b- Estrogen, FSH, progesterone

    c- FSH, estrogen, progesterone

    d- Estrogen, progesterone, FSH

23- Which process in the third week of development converts the embryonic disc into the trilaminar embryo?

    a- Placentation

    b- Gastrulation

    c- Neuralation

    d- Somitogenesis

Structure of embryonic disc

  A- At first bilaminar = consists of 2 layers
     1- Ectoderm = Epiblast:-

        - Dorsally

        - Columnar cells
        - In the floor of amniotic cavity
     2- Endoderm = Hypoblast:- 

        - Ventrally

        - Cuboidal cells
        - In the roof of yolk sac

  B- Then becomes trilaminar by the appearance of the intraembryonic mesoderm between the ectoderm and endoderm except in 2 areas in the midline that are

     1- Buccopharyngeal membrane cranially
     2- Cloacal membrane caudally
Development of notochord

1- Notochordal process = Head process:-
   - The cells of primitive node proliferate → Extends in the form of solid cord of cells between ectoderm and endoderm
   - Extends from the primitive node to the buccopharyngeal membrane
2- Notochordal canal:-
   - A depression called the primitive pit appears on the primitive node → The primitive pit extends to form a lumen inside the notochord process → Becomes the notochordal canal → The floor of the notochord canal and the underlying endoderm degenerate → There will be a temporary connection between yolk sac and amniotic cavity (neurenteric canal) → The neurenteric canal will be closed by regeneration of the surrounding endoderm

3- Definitive notochord:-
   - Folding of the roof of the notochord canal around its long axis → Formation of a solid cord in the axis of the disc called the definitive notochord.
   - Vertebral column is formed around the notochord
Development of the nervous system

1- Neural plate:-
    - It is the neurectoderm in the central part of the ectoderm
    - Between the primitive node & buccopharyngeal membrane
    - The margins of the neural plate form the neural crest

2- Neural groove:-
    - By the depression of the central part of the neural plate
    - The margins of the neural groove are called neural folds

3- Neural tube:-
    - The neural folds fuse together to convert the neural groove into neural tube
    - The ends of the neural tube are open at first and called anterior & posterior neuropores
    - The neuropores will be closed later
    - The cranial end of the neural tube dilates to form the brain but its caudal part remains narrow to form the spinal cord

Intraembryonic mesoderm

1- Develops from primitive streak and primitive node:- The mesoblast cells at the primitive pit proliferate → Migrate ventrally between the epiblast & hypoblast → Form the intraembryonic mesoderm 
2- There are only 2 areas that do not contain mesoderm

   a- Buccopharyngeal membrane

   b- Cloacal membrane

Differentiation of the intraembryonic mesoderm
- Differentiated into 3 areas on each side
A- Paraxial mesoderm:-

   - Most medial

   - On each side of notochord

   - Segmented into 42-44 segments called somites
B- Intermediate mesoderm:-

   - Lateral to the paraxial mesoderm
   - Shows transient segmentation
   - Forms the nephrogenic cord

   - The nephrogenic cord will form the urogenital system

C- Lateral plate mesoderm:-

   - In the lateral part of embryonic plate
   - Crosses the midline in front of the buccopharyngeal membrane to form the cardiogenic area
   - The intraembryonic coelom appears in the lateral plate mesoderm
Differentiation of the paraxial mesoderm

- Divided into 42-44 masses called mesodermal somites

  4    occipital

  8    cervical

  12   thoracic
  5     lumbar

  5     sacral

  8:10   coccygeal
- Somites start to appear by the end of 3rd week after fertilization 
- Each mesodermal somite divides into 2 parts
  1- Sclerotome = ventromedial part

     - Surround the notochord and form vertebral column (bones, cartilage and ligaments)

  2- Dermomyotome = dorsolateral part = Forms 

     a- Dermis of skin (from the dermatome part) 

     b- Voluntary muscles of the trunk & limbs (from myotome part)

Differentiation of the lateral plate mesoderm

1- Small cavities appear in the lateral plate mesoderm
2- These cavities unite to form a single horse shoe shaped (U-shaped) cavity (intraembryonic coelom = intraembryonic cavity).

3- The intraembryonic cavity divides the lateral plate mesoderm into 2 parts

     a- Dorsal part   = Somatopleure:- In contact with the ectoderm
     b- Ventral part = Splanchnopleure:- In contact with the endoderm 
4- The cranial end of lateral plate mesoderm is called septum transversum that gives

    a- Part of diaphragm

    b- Base of fibrous pericardium

    c- Peritoneal folds of liver 
Differentiation of the intraembryonic coelom

It will give 3 serous cavities

1- Pericardium:- From the cranial median part
2- Peritoneum:- 

  - From the 2 limbs of the coelom
  - The 2 limbs unite together after folding to form the peritoneum

3- Pleura:- 

  - From the connections between the pericardium and the limb of the coelom
Derivatives of the endoderm

1- Epithelium of GIT except the inlet and outlet

2- Epithelium of respiratory tract; larynx, trachea & bronchi

3- Epithelium of most of urinary bladder & most of urethra

4- Epithelium of middle ear (tympanic cavity) & auditory tube

5- Epithelium of biliary passages
6- Parenchyma of thyroid, parathyroid & thymus glands

7- Pancreas
Derivatives of ectoderm

1- Epithelium of part of the oral cavity (inlet of gut) and the lower 1/2 of anal canal (outlet of gut).

2- Epithelium of nose

3- Epidermis of skin

4- Hair & nails

5- Brain & spinal cord
6- Pia & arachnoid maters

7- Pituitary gland

8- Medulla of suprarenal gland
Derivatives of mesoderm
1- All types of muscles

2- All types of connective tissue

3- Bone & cartilage

4- Lymph vessels & lymphatic tissue

5- Cardiovascular system; heart, blood vessels & blood cells

6- Urinary and genital organs and ducts except parts of urinary bladder and urethra

7- Mesothelial lining of serous sacs (pericardium, pleura and peritoneum)

8- Cortex of suprarenal
9- Dura mater
Differentiation of the ectoderm

The ectoderm is differentiated into 3 parts

A- Skin ectoderm:- Gives




    1- Epidermis of skin                2- Hair

    3- Nails                                    4- Sweat glands

    5- Sebaceous glands                6- Mammary gland 

B- Neural ectoderm:- Gives the C.N.S. (Neurons & neuroglia)
C- Neural crest ectoderm:- Gives




    1- Melanocytes                   2- Odontoblasts

    3- Adrenal medulla            4- APUD cells

    5- Dorsal root ganglia        6- Autonomic ganglia (Sympathetic & parasympathetic)

    7- Pia & arachnoid maters

N.B.
1- The connecting stalk connects the caudal end of embryonic disc with the chorion

2- The endodermal cells at the buccopharyngeal membrane become columnar to form the prochordal plate

3- The neural tube is dorsal to notochord

4- Fate of notochord = Forms the nucleus pulposus of the intervertebral disc

5- Fusion between endoderm & ectoderm occurs at

   a- Buccopharyngeal membrane  

   b- Cloacal membrane

6- Epiblast = Ectoderm

7- Hypoblast = Endoderm

8- Derivatives of epidermis are

    1- Hair

    2- Nails

    3- Sweat glands

    4- Sebaceous glands

    5- Mammary gland

9- Notochord develops from the Ectodermal cells of primitive node

10- Bucco-pharyngeal membrane will break to form the mouth

12- The lateral plate mesoderm crosses the midline cranial to buccopharyngeal membrane to form the cardiogenic area

13- Pericardial bar = Cardiogenic area

14- The heart develops in the cardiogenic area

15- Primary mesoderm = Extraembryonic mesoderm

16- Secondary mesoderm = Intraembryonic mesoderm
17- Gastrulation = The change of embryonic disc from bilaminar to trilaminar disc

18- Gastrulation begins around the 15th day

21- Epiblast is renamed ectoderm after gastrulation

22- Germ disc = Embryonic disc

23- The embryonic disc lies between

    a- Amniotic sac:- Dorsally

    b- Yolk sac:- Ventrally

24- Shape of embryonic disc:- At first circular → Then oval → Then pear shaped (With narrow caudal end & broad cranial end).

26- Epiblast cells proliferate → migrate through the groove of primitive streak → Pass between the epiblast & hypoblast → Form the intra-embryonic mesoderm
 28- The mesodermal somites appear in a craniocaudal direction; Appear in the cephalic part then extend caudally
Results of folding

A- Formation of the gut:-
  - Part of yolk sac is taken inside the embryo to form the gut

  - There are 3 parts of the gut

    a- Foregut = inside the head fold

    b- Midgut = between the 2 lateral folds

    c- Hindgut = in the tail fold

B- Formation of gut mesenteries:- (ventral and dorsal mesenteries)
C- Reversal of positions:-
    1- Buccopharyngeal membrane becomes the most cranial part

    3- Cloacal membrane becomes the most caudal part

    2- Septum transversum becomes caudal to the pericardium instead of being cranial to it

    4- Connecting stalk becomes ventral instead of being most caudal
D- Formation of the umbilical orifice
Mechanisms of folding

  1- Enlargement of amniotic cavity

  2- The growth is faster in the axial area (neural tube & somites) than in the periphery of the embryonic disc.

The folds are
  1- Head fold = anterior to the notochord

  2- Tail fold = behind the primitive streak

  3- Two lateral folds

Types and features of twins

1- Dizygotic twins:-

  - Due to fertilization of 2 ova with 2 sperms

  - The 2 embryos are completely separate so there are

    a- 2 placentae                     b- 2 amnions              c- 2 chorions

2- Monozygotic (identical = Monovular) twins:- one ovum fertilized by one sperm → division of the zygot occurs → so they are identical twins

  - There are 3 types:

    I - At 2 cell stage (When the division occurs in the 2 cell stage):- the 2 embryos are completely separate so there are

     a- 2 placentae                    b- 2 amnions              c- 2 chorions

   II – At the stage of inner cell mass:- there are

     a- 2 placentae                    b- 2 amnions              c- one chorion

  III – At the stage of primitive streak (when division occurs after the formation of the primitive streak) produces conjoined twins:- there are

     a- one placenta                  b- one amnion            c- one chorion

Prenatal period

A- Germinal period:
   - From fertilization to the end of 3rd week

   - Ends by the formation of trilaminar disc

B- Embryonic period:
   - From the beginning of 4th week to the end of 8th week

   - It is the period of organogenesis (formation of organs)

C- Fetal period:

   - From the beginning of 3rd month till full term (10th lunar month)

   - There is growth of the already formed organs
Events during the 1st 4 weeks

A- During 1st week:-

   1- Formation of morula

   2- Formation of blastocyst

B- During 2nd week:-

   1- Implantation of blastocyst

   2- Formation of trophoblast

   3- Formation of chorion

   4- Formation of bilaminar disc

   5- Formation of extraembryonic mesoderm

C- During 3rd week:-

   1- Formation of trilaminar disc = By the appearance of ………..

   2- Formation of notochord

   3- Beginning of differentiation of cardiovascular system

   4- The chorionic villi become tertiary 

D- During the 4th week:-

   1- Folding of embryonic disc

   2- Formation of neural tube

   3- The heart forms a bulge

   4- The somites are visible on the surface and can be counted

N.B.

1- The midgut is connected with the definitive yolk sac through the vitellointestinal duct
2- Incidence of dizygotic twins is 7-11/1000 (65% of the twins)
3- Incidence of monozygotic twins is 3-4/1000 (35% of the twins%)

4- Folding occurs ventrally = towards the endoderm
5- Folding in the antero-posterior axis → Head & tail folds
6- Folding in transverse diameter → 2 lateral folds

7- The umbilical orifice is at first wide & contains

    a- Connecting stalk

    b- Allantois

    c- Vitello-intestinal duct

8- Conjoined twins = Fused monozygotic twins:- Due to partial separation of the axial area
9- Vanishing twin:-

    - Means death of one of the twins 

    - Usually due to chromosomal abnormalities

    - The fetal tissue is absorbed by the surviving twin

    - The surviving twin is healthy

10- Twin to twin transfusion syndrome (T T T S) = one of the twins receives most of the blood on the expense of the other:- Due to placental vascular malarrangement

M.C.Qs.

1- Implantation of human embryos typically occurs

    a- About 1 day after fertilization

    b- About 1 week after fertilization

    c- About two weeks after fertilization

    d- After gastrulation

    e- At the same time as neural tube closure

    f- None of the above

2- Which of the following is derived from endoderm?

    a- Endoneurial fibroblasts & Schwann cells of peripheral nerves

    b- Endothelial lining of blood vessels

    c- Epithelial lining of respiratory tract

    d- Cells lining the amniotic membrane

    e- Cytotrophoblast placental cells

    f- None of the above

3- The part of the sperm containing proteolytic enzymes to digest the zona pellucida is the

    a- Capacitor

    b- Head

    c- Corona

    d- Acrosome
    e- Cumulus

4- The 1st week of human development is characterized by the formation of

    a- Inner cell mass

    b- Hypoblast

    c- Trophoblast

    d- Blastocyst

    e- All of the above

5- During implantation, the blastocyst

    a- Implants in the endometrium

    b- Usually attaches to endometrial epithelium at its embryonic pole

    c- Usually implants in the posterior wall of the body of uterus

    d- Causes change in the endometrial tissues

    e- All of the above

6- The 1st two intraembryonic germ layers to differentiate are the 

    a- Ectoderm & hypoblast

    b- Epiblast & hypoblast

    c- Ectoderm & endoderm

    d- Ectoderm & mesoderm

7- Somites
    a- Differentiate into myotomes that give rise to skeletal muscle in trunk & limbs

    b- Differentiate into sclerotomes that give rise to vertebrae

    c- Arise from segmentation of the paraxial mesoderm

    d- Differentiate into myotomes that give rise to skeletal muscle of limbs

    e- All of the above

8- Gastrulation is the process of

    a- Mesoderm formation and occurs after neurulation

    b- Ectomesenchyme formation and occurs before neurulation

    c- Mesoderm formation and occurs before neurulation

    d- Ectomesenchyme formation and occurs after neurulation  

Fetal membranes

1- Chorion                          2- Placenta                  3- Connecting stalk

4- Amnion                          5- Yolk sac                  6- Allantois
Decidua
Definition:- The endometrium after fertilization

Parts:-

  1- Decidua capsularis:-

    - Covers the blastocyst = between the blastocyst & uterine cavity

  2- Decidua basalis:-

    - Deep to the blastocyst 

    - Shares in the formation of placenta

  3- Decidua parietalis:-

    - Lines the wall of the uterus = away from the blastocyst

Decidual reaction

Definition:- Exaggerated secretory changes in the endometrium under the effect of progesterone

Changes that occur in the decidual reaction:-

1- Uterine glands:- 

     - Become markedly distended with secretions → Thick edematous endometrium

     - The secretions are rich in glycogen & mucin

2- Blood vessels:-
     - Become more spiral

     - More arterio-venous shunts

3- Stroma cells:-

     - Become very large 

     - Show many vacuoles filled with glycogen & lipids

     - Now called decidua cells.

Features of chorionic vesicle

1- Its wall is called chorion
2- Its wall is covered by chorionic villi
3- Appearance of extraembryonic mesoderm

4- The inner cell mass becomes bilaminar embryonic disc

5- Has 3 cavities

     a- Amniotic cavity

     b- Yolk sac
     c- Extraembryonic coelom

6- Contains blood vessels at 3 sites
     a- Chorionic villi 

     b- Connecting stalk → umbilical vessels

     c- Wall of yolk sac → vitelline vessels

Chorion

Definition:- The wall of chorionic vesicle

Layers:-

1- Syncytiotrophoblast

2- Cytotrophoblast
3- Extraembryonic mesoderm

Types of chorionic villi
A- According to the degree of growth:-

     1- Chorion frondosum:-

        - At the site of placenta

        - Very large

     2- Chorion laeve:-

        - Away from the placenta

        - Degenerate

B- According to the structure:-

     1- Primary chorionic villi:-

        - Consists of a core of cytotrophoblast surrounded by syncytiotrophoblast

     2- Secondary:-

        - Consists of a core of extraembryonic mesoderm surrounded by cytotrophoblast and syncytiotrophoblast

     3- Tertiary:-

        - The same as the secondary but with the appearance of blood vessels in the mesodermal core

        - Mature and functioning

Yolk sac

Stages:-

1- Primitive yolk sac:-

   - Its roof is the endoderm

   - The rest of its wall is lined with Heuser's membrane that is formed by extraembryonic mesoderm

2- Secondary:-

   - Lined completely with endoderm migrating from its roof

   - The allantois extends from its caudal part into the connecting stalk

3- Definitive:-

   - It is the remaining part after folding

   - Small

   - Connected with the midgut by the vitellointestinal duct 

Functions:-

1- Formation of the primitive gut:- From its roof

2- Gives the allantois that will form part of the urinary bladder

3- Blood develops in the mesoderm of its wall

4- Primordial sex cells develop in its caudal wall then migrate to the gonads
Amniotic fluid

Characters:-

    1- Derived from 2 sources  

         a- Secretions: by amniogenic cells of amnion

         b- Excretions: by the kidneys of fetus

    2- Not stagnant:- absorbed by the fetus
    3- In full term, its normal volume is 1000 cc
Functions:-

    1- The fetus floats in it and grows evenly  
    2- Prevents adhesion between the fetus & the wall of uterus    
    3- Protects the fetus from external trauma

    4- Keeps constant body temperature for the fetus

    5- Dilatation of the cervix at the start of delivery (By the bag of water)

Anomalies:-
    1- Polyhydramnios = if more than 2 liters

    2- Oligohydramnios = if less than 500 cc (1/2 liter)

Boundaries of amniotic cavity
1- The floor:- By the ectoderm
2- The rest of its walls:- By the flat amniogenic cells derived from the cytotrophoblast

Placenta
Parts:-

    1- Fetal part = chorion frondosum      2- Maternal part = decidua basalis

Gross morphology:-

A- At full term 

   1- Shape:- Circular disc

   2- Diameter = 15 - 25 cm

   3- Thickness = 3 cm

   4- Weight = 300 - 600 gm

B- Has 2 surfaces

   1- Maternal surface

         - Towards the myometrium

         - Formed by decidua basalis 

         - Rough 
         - Shows elevations called cotyledons (masses of decidua basalis)

         - The cotyledons are separated by the placental septa
   2- Fetal surface

         - Towards the fetus

         - Covered by the amnion → So, it is smooth & shiny

         - The umbilical cord is attached to it near the center
Functions:-
1- Gas exchange:- Oxygen, carbon dioxide & carbon monoxide

2- Transmission of nutrients & electrolytes

3- Transmission of maternal antibodies (IgG):- From the 14th week

4- Hormones production:-

     a- Human chorionic gonadotropin = HCG:- In the first 2 months to maintain the corpus luteum

     b- Progesterone:- Maintains pregnancy

     c- Estrogen:- Stimulates the growth of uterus & development of mammary gland

     d- Somatomammotropin:- Has 2 functions

         1- It is a growth hormone like substance that gives the fetus priority on maternal blood glucose

         2- Promotes breast development to produce milk

Congenital anomalies of placenta
A- Anomalies due to abnormal implantation = P.P.:-

   1- Placenta previa centralis:- Covers the internal os completely

   2- Placenta previa lateralis:- Covers the internal os partially

   3- Placenta previa marginalis:- Only reaches the margin of internal os

   4- Low-lying placenta previa

B- Anomalies due to abnormal chorionic villi:-

   1- Diffuse placenta = Membranous placenta:- due to excessive spread of chorion frondosum

   2- Accessory placenta = Accessory lobe:- there is accessory separate small placenta

   3- Lobed placenta = Bilobed placenta:- divided into 2 equal parts

   4- Placenta accreta:- 

        - The placenta is fixed to the myometrium

        - Due to anchorage of the stem villi to the myometrium

C- Anomalies due to abnormal attachment of umbilical cord:-

   1- Battledore placenta: the umbilical cord is attached to the margin of the placenta

   2- Velamentous attachment of the cord: the cord is attached to the fetal membranes away from the margin of placenta.

Chorionic villi

- The anchoring villi:- Extend from the chorionic plate to the decidua basalis

- The intervillous spaces = The spaces between the anchoring villi:- Filled with maternal blood

- Free villi = Floating villi = Absorbing villi:- Extend from the stem villi into the intervillous space

- Exchange of materials between the maternal & fetal blood occurs through the absorbing villi
Intervillous space

- Filled with maternal blood

- Its full capacity at full term = 160 cc

- It circulates from maternal arteries to maternal veins

- Part of the maternal circulation
Placental barrier

Definition:- Structures that separate the maternal blood in the intervillous spaces from the fetal blood in the fetal blood vessels

Function:- Controls the exchange of materials & gases between the maternal blood & fetal blood.


Layers:-

   A- In mid-pregnancy

      1- Syncytiotrophoblast

      2- Cytotrophoblast

      3- Extraembryonic mesoderm

      4- Endothelial lining of fetal blood vessels

   B- In late pregnancy

      1- Syncytiotrophoblast becomes:- Becomes very thin

      2- Cytotrophoblast:- Disappears

      3- The mesodermal core becomes:- Becomes very thin

      4- Endothelial lining of fetal blood vessels:- Persists 

Umbilical cord
Structure before full term:-

1- Wharton's jelly

   - Loose C.T.

   - Derived from the mesoderm of connecting stalk

   - Protects the umbilical vessels

2- Vitellointestinal duct:- connects the definitive yolk sac with the midgut

3- Allantois:- opens into hindgut

4- Right & left umbilical arteries

5- Right & left umbilical veins:- the right umbilical V. disappears rapidly

6- Vitelline vessels:- 

    - Around the vitello-intestinal duct    

    - Drain the wall of yolk sac

Structure at full term:-

1- Length = 50 cm

2- Attachment = to the fetal surface of placenta near the center
3- Shape = spiral 

4- Constituents = show the disappearance of 2 structures

    a- Right umbilical vein

    b- Vitellointestinal duct

Changes after birth:-

   1- Left umbilical vein → ligamentum teres of the liver

   2- Umbilical arteries → lateral umbilical ligaments

   3- Allantois → urachus → median umbilical ligament

Importance:-

   1- Allows for the free movement of the fetus

   2- Connects the fetus with the placenta 

Congenital anomalies:-
A- Single umbilical artery = SUA:- 

    - It is the commonest anatomical anomaly of the umbilical cord

    - May be associated with stillbirth, IUGR (Intra-uterine growth retardation) or other anomalies
B- Anomalies of attachment:-

      1- Battledore placenta = attachment of the umbilical cord to the margin of the placenta

      2- Velamentous attachment of the cord = attachment of the cord to the fetal membranes away from the placenta
C- Anomalies of the length:-

      1- Abnormally long cord = More than one meter:- may lead to

           a- formation of true knot

           b- asphyxia if it encircles the neck of the fetus

       2- Abnormally short cord = Less than 40 cm:- may lead to early detachment (separation) of the placenta during delivery
D- Umbilical cord knots:-

    1- True knots:-

        - Arises from excessive fetal movements

        - More in early pregnancy

    2- False knots:- Due to umbilical artery loops within the cord
Extra-embryonic mesoderm

- Develops from the inner surface of cytotrophoblast → Surrounds the amniotic cavity & yolk sac → Multiple small cavities appear in it → These cavities coalesce to form a single cavity called extraembryonic coelom → Divides the extraembryonic mesoderm into 2 layers

1- Outer layer = Extra-embryonic somatic mesoderm:- On the inner surface of the trophoblast & forms part of the chorion

2- Inner layer = Extra-embryonic splanchnic mesoderm:- Around the amniotic cavity & yolk sac

- The 2 layers are connected at the connecting stalk that is the future umbilical cord

- The connecting stalk connects the embryonic disc to the chorion (The wall of chorionic vesicle) 
N.B.
1- Amnion = the membrane surrounding the amniotic cavity

2- The ectoderm forms the floor of amniotic cavity

3- The endoderm forms the roof of yolk sac
4- Placenta is completely formed by the 3rd month

5- Placenta secretes sufficient amounts of progesterone by the end of 4th month

6- HCG is excreted in urine and used to diagnose pregnancy
8- The intervillous space is filled with maternal blood and its capacity is 160 cc.

9- Fetal membranes = The structures away from the embryonic disc (Away from the tissues of the embryo proper)

10- The fetal membranes are expelled as one mass after the birth of the fetus.
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