Human reproduction


	3.6 Reproduction and Growth – Human
	Objectives

At the end of this sub section students should be able to:

	3.6.2 Sexual Reproduction - Human

	1. Outline the general structure of the reproductive system (Male & Female).

2. State the functions of the main parts of the reproductive system.

3. Outline the role of meiosis to produce sperm & ova (egg) cells.

4. Define the term secondary sexual characteristics.

5. Outline the role of oestrogen, progesterone & testosterone.

6. Outline the events & outline the role of oestrogen and progesterone of the menstrual cycle:

7. Explain copulation. 

8. Outline the nature of birth control to include natural, mechanical, chemical and surgical methods

9. State the location of fertilisation.

10. Outline infertility.

11. State one cause of male infertility 

12. State the availability of corrective measures for male infertility

13. State one cause female infertility 

14. State the availability of corrective measures for female infertility

15. Explain implantation, placenta formation & function.

16. Outline the birth process.

17. Explain In-vitro fertilisation & implantation.

18. Outline milk production & breastfeeding including biological benefits.

	3.6.4.H Human Embryo Development

	19. List the sequence of development of an embryo 

20. Explain the term fertilized egg

21. Explain the term blastocyst

22. Explain the term  amnion

23. Explain how the placenta is formed

24. Explain how the embryo develops up to the third month of gestation

	3.6.5.H Menstrual Cycle & Hormones
	25. Outline the stages in the menstrual cycle.

26. Discuss the role of hormones in the menstrual cycle.

27. Discuss the Cause/Prevention/Treatment for fibroids or for endometriosis


Male Reproductive System

Testis: Testis (male gonad) produces sperm (male gametes) and testosterone.
Epididymis: Sperm maturation and storage (( 6 weeks - if they are not released they are broken down and taken back into the bloodstream).

Scrotum:  pouch which holds the testes outside the body at a lower temperature (( 2oC lower) - favours production of sperm.

Sperm duct:  Carries sperm from epidiymis to urethra during ejaculation.

Urethra:  carries sperm during intercourse and urine during excretion.

Penis:  releases sperm and passes it into the vagina of the female. Circumcision is the removal of the foreskin covering the glans – swollen tip of penis.

Seminal vesicles – secrete an alkaline fluid that protects the sperm in the acid environment of the vagina. Fructose nourishes the sperm.

Prostrate gland – fluid secreted nourishes and activates the sperm.

Cowper’s gland - Secretes mucus that neutralises any remnant acidic urine in the urethra.

Semen = a milky white sticky liquid of sperm and fluids of the seminal vesicles, the prostate gland and the cowper’s gland.

Female reproductive system 

Ovaries: produces eggs (female gametes) and the hormones progesterone and oestrogen.  

Fallopian tube (oviduct):  Carries female gamete (egg) from ovary to uterus by cilia and peristalsis.  The egg is either fertilised (if within 24 hours of ovulation) or dies in the Fallopian tube.

Uterus (womb):  a thick walled organ that protects the developing foetus (( 8 cm long).

Endometrium (lining of womb):  for implantation of the fertilised egg and placenta formation.

Cervix: neck - opening into womb.

Vagina (birth canal): An elastic muscular tube that holds the penis during intercourse and it is the birth canal through which the baby passes at birth.

Vulva:  clitoris and two pairs of skinfolds called labia - tissue protecting the vagina.

Hymen is a ring of tissue which may partially block the vagina entrance.  It is stretched or torn by the use of tampons or at first sexual intercourse.

Role of meiosis in the production of sperm and eggs

The sperm-producing cells (diploid) in the tubules of the testes divide by meiosis and produce sperm(haploid).

Sperm:

After puberty (~11 years) about 20 eggs are produced by meiosis each month.  Usually only one continues to grow; the rest die off.  After meiosis a haploid egg is surrounded by a Graafian follicle.  An egg can live for 24 - 48 hours.

Egg:
Secondary sexual characteristics
are the physical features that appear during puberty and adolescence. They have been induced by the sex hormone - testosterone in males and oestrogen in females.

Male 

· deeper voice (enlarged larynx), 

· growth of pubic, underarm, facial and body hair, 

· increased muscular and bone development 

· growth spurt, 

· increased secretion of sebum in the skin 

· widening of shoulders.

Female 

· development of breasts 

· widening of pelvis,

· increase in body fat (under skin – especially hips and breasts) 

· growth of pubic and underarm hair

· growth spurt.

Role of reproductive hormones

Testosterone: 

Produced in the testes in the interstitial cells. 

· Causes the primary sex characteristics in early life – growth of penis and other male reproductive parts and descent of testes into scrotum.

· Causes the production of sperm.

· Responsible for the male secondary sexual characteristics

Oestrogen

Produced in ovary.  

· Causes endometrium to develop.

· High levels just before day 14 stimulate the production of LH by the pituitary gland.

· Development of female secondary sexual characteristics.

Progesterone

Produced by ovary.

· Keeps the endometrium built up.

· Also stops uterus from contracting.

Menstrual cycle 

A 28 day cycle in females.  It is a repeating series of changes in the female’s uterine lining as it responds to the changing levels of oestrogen and progesterone.

Days 1-5: Menstruation (Period)

Endometrium is shed.  During the period of the menstruation (( 5 days) a new follicle develops in the ovary.

FSH (produced in pituitary gland):

1.  Stimulates development of the Graafian follicle (FSH is sometimes used in fertility treatments to stimulate the ovaries to produce eggs).

2.  Stimulates the Graafian follicle to secrete oestrogen.

Days 6-13: Repair Phase

Oestrogen (produced in GF in ovary) travels from the ovary to the uterus where it causes the repair of the endometrium. 

High levels 

· inhibit FSH secretion, so no more eggs are developed – hence used in contraceptive pill.

· stimulates the production of LH (in pituitary).

Day 14: Ovulation

The mature Graafian follicle moves to the surface of the ovary.  This follicle bursts (like a blister) and the enclosed egg goes into the Fallopian tube - called ovulation (induced by LH). 

LH also:

· stimulates the formation of the corpus luteum (yellow body).

· stimulates the corpus luteum to secrete progesterone and oestrogen.

Days 15-21: Period of rest (Secretory phase)

The empty follicle now fills up with a yellow pigment and is called a corpus luteum - secretes progesterone and some oestrogen up to 3 months if the egg is fertilised.  While the corpus luteum is developing the walls of the uterus prepare to receive the implanted blastocyst.  Progesterone causes the lining of the uterus to thicken and become penetrated by large numbers of blood vessels. Progesterone and oestrogen inhibit the secretion of FSH (which prevents further eggs from developing) and LH (so further ovulation and pregnancies are prevented)

Progesterone also: 

· inhibits contractions of muscles of the uterine wall.

Days 21-28:

Egg now passes into the uterus.  If the egg has not been fertilised it and the corpus luteum degenerate.  The progesterone and oestrogen levels drop, the endometrium begins to break down, and menstruation takes place again.  As a result of low progesterone the pituitary is stimulated to secrete more FSH and the cycle begins again.

Negative feedback

FSH triggers oestrogen but the oestrogen soon turns off FSH (and so itself).  LH triggers the corpus luteum to develop and the progesterone it makes turns off LH.

Hormones controlling the menstrual cycle
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Copulation 

During sexual intercourse (copulation), sexual arousal causes the penis to become stiff and erect. This erection is due to blood being pumped in quicker to the blood vessels in the wall of the penis faster than it can drain away.  In females sexual arousal results in the erection of the clitoris and secretion of mucus by wall of vagina.  Rhythmic movements of the penis in the vagina results in ejaculation (release) of semen (about 2½ cm3 ) into the top of the vagina near the cervix.  An orgasm is the pleasurable feeling resulting from ejaculation or stimulation of the clitoris (climax of sexual excitement).

Insemination is the release of sperm into the female.

Fertilisation

Occurs internally in the fallopian tube.  Sperms (( 500 million) deposited in the vagina during sexual intercourse swim up, by chemotaxis (attraction towards a chemical released by the egg) through uterus and into the fallopian tube.  As they travel up more than half are killed by acidic vaginal secretions and others die during the journey (1-5 hours).  Using enzymes, from the acrosome, one sperm penetrates the egg, leaving its body and tail behind. The vitelline membrane thickens to prevent other sperm from penetrating.  The nuclei of the egg and sperm fuse, forming a zygote.  Egg lives for 24-48 hours and sperm (in female cervical mucus) for 2-3 days.  The fertile period is the period of time in the cycle when an egg can be fertilised (days12 –16).

Development up to implantation

After fertilisation the zygote starts to divide mitotically (called cleavage) as it moves down the fallopian tube, by peristaltic contractions, until after 1 week it reaches the uterus and implantation occurs (day 7). 

The zygote first becomes a morulla (solid ball of 32 cells). Eventually it forms into a a hollow ball, the blastocyst, with a flui-filled cavity and an inner cell mass that will become the embryo. The blastocyst implants and the outer cell layer of the blastocyst - the trophoblast - forms the chorion and the amnion that will surround the embryo. The amnion contains fluid to cushion the embryo and the chorion forms the villi of the placenta. Blood vessels from the villi converge in the umbilical cord, the lifeline between the placenta and the embryo.

Implantation is the attachment of the blastocyst to the endometrium.

Conception is fertilisation followed by successful implantation.

Embryonic period – up to week 8

The embryo cells are organised into three germ layers that give rise to all tissues and organs of the adult. (Gastrulation is the formation of these three germ layers - present by the end of the third week)

Ectoderm – epidermis of skin, hair, nails, tooth enamel, nervous system and sense organs.

Mesoderm - circulatory, reproductive, excretory systems, bone, muscles, dermis of skin.

Endoderm - liver, pancreas, thymus, thyroid, inner lining of digestive system and much of the respiratory system.

Pregnancy

Gestation period is the length of time the child is carried in the womb = 40 weeks.

Normally calculated by added 280 days to first day of last menstrual period.

Stages in embryo development (up to third month):
	Time (end of)
	Stage in development

	0.00 hours
	Fertilisation occurs.

	3 days
	Morula reaches uterus

	7 days
	Implantation of blastocyst begins

	14 days
	Implantation complete.

	1.5 weeks
	Notocord formed, blood cells forming.

	3.5 weeks
	CNS begins to develop, heart forms and starts to beat, blood vessels form.

	4 weeks
	Embryo 0.5 cm long. Arm and leg buds visible, umbilical cord (5-6mm) forms, tail visible. 

	5 weeks
	Embryo 1.25 cm long.  All internal organs, i.e. liver, kidney, lungs and sex organs, have begun to form.

	6 weeks
	Eyes visible, nose and ears forming, arms and legs grow rapidly.

	8 weeks
	Embryo 2.5 cm long and 1g.   Tail has gone, muscles and bones develop, most of internal organs formed. Embryo now called the foetus (has recognisable human form).

	12 weeks 


	7.5 cm long.  Cells still actively growing and becoming specialised.  Finger and toe nails form, hair, eyebrows and eyelashes can be seen. Placenta is fully formed.  Can tell if male or female.  Weighs 14g.  Foetus makes many movements - not yet felt by mother.  


The foetus sucks its thumb, kicks and begins to grow baby teeth.

It breathes amniotic fluid in and out, urinates and defaecates into it.

During the rest of the pregnancy the foetus grows (36 cm and 3 kg).  By 6 months the foetus is developed enough to stand a chance of survival on its own.

Twins

Identical twins

A blastocyst divides into two separate groups of cells each forming an embryo with perhaps a shared placenta. Siamese twins occur when the groups of cells do not separate fully.

Fraternal twins

Non-identical twins occurs when two eggs are released by the ovary and each is fertilised by a separate sperm.

Placenta

The placenta is a disc-shaped structure which is formed partly from the cells of the embryo and partly from cells of the womb wall and is connected to the foetus (at navel) by the umbilical cord.  It takes approx. 3 months to form.

Foetal blood is carried to the placenta in two arteries in the umbilical cord and a vein carries the foetal blood back from the placenta to the foetus.   The blood of the mother and foetus do not mix.

Functions:

It acts as a link and a barrier:

1. Exchange of materials

· The placenta allows oxygen, nutrients (glucose, amino acids, lipids, vitamins and minerals), water, antibodies (passive induced immunity), hormones, pathogens, toxins and drugs to pass to the foetus from the mother.

· Waste products e.g. carbon dioxide and urea - move across placenta into the maternal blood for excretion.

2. Acts as a barrier

· Protects against mother’s higher blood pressure.

· Protects against mother’s immune system, which might otherwise reject the foetus as foreign (blood groups might not be compatible).

3. Endocrine gland

It secretes progesterone and oestrogen, which keep the endometrium build-up.  It secretes other hormones which prepare the mother for birth and lactation.

Placenta:

Mother’s diet

Smoking increases risk of babies being born underweight.  Drugs and alcohol can damage foetus. Eat a healthy diet.

Some viral diseases can be dangerous during the first 6 weeks after fertilisation.  Rubella may cause ear, eye and heart defects.

Birth

Labour is a series of events that results in the baby being born.

Stage 1 (lasts ( 14 hours) – Dilation stage:

The secretion of progesterone decreases.  This allows the uterus to contract.  The pituitary produces oxytocin which increases contractions (labour pains) and labour begins.  The contractions gradually increase in strength and frequency.  A mucus plug that blocks the cervix is expelled.  The amniotic membrane ruptures and the amniotic fluid escapes (‘breaking of the waters’) and the cervix dilates (to ~10 cm - to allow head to pass through – prevents brain damage). 

Stage 2 (20 min ( 2 hours) – Expulsion stage:

The contractions of the uterine muscle (labour pains) become stronger causing the baby to move slowly through the pelvis.  Here the mother has to push as the baby’s head descends through the vagina (birth canal), then one shoulder followed by the other, then the rest of the baby slides out.  Umbilical cord is clamped and cut.  Baby breathes air.

Stage 3 (( 30 minutes) – Placental stage:

Afterbirth arrives = placenta and foetal membranes.

Over the next 6-8 weeks the mother’s uterus returns to its normal size.

For mothers who do not breast feed, the menstrual cycle begins again, about 3-4 months after the baby has been born.

Milk production

A fall in the level of oestrogen and progesterone in blood influences release of a hormone, prolactin, which, in turn, stimulates milk production.  In the first three days after childbirth the breasts produce colostrum, which is a yellowish fluid containing protein (and antibodies which protect the baby initially against many diseases).  By the third day the breasts should have started to produce milk, which is much higher in fats and sugars and lower in proteins.  The suckling action of a baby stimulates prolactin secretion and so milk is formed.  Oxytocin from the pituitary stimulates the forceful ejection of milk from the breast.

Benefits of breast feeding for baby

· Breast milk is the perfect food at correct temp.  It has a lot of advantages for the baby’s growth and development.  It has the correct level of sodium, phosphate and essential amino acids in contrast to cow’s milk. 

· Sterile at room temperature. 

· Breast milk contains antibodies (passive acquired immunity), which protect against many diseases and allergies.  It is also free of pathogens.

· Other protective agents against pathogens are present in milk e.g. interferon, lysozyme, T and B lymphocytes

· Allows bonding of mother and baby.

Benefits of breast feeding for mother

· Allows bonding of mother and baby.

· Can delay the return of the menstrual cycle if prolactin level is maintained high – a natural contraceptive allowing spacing of the birth of children.

· Reduced risk of breast cancer.

· Breast milk has a natural laxative that prevents constipation.

· Breast milk encourages the growth of symbiotic bacteria in the large intestine.

· Helps mother to loose weight and uterus contracts quicker due to oxytocin.

Infertility is the inability to conceive (produce offspring) after not using contraception for at least one year.

Male infertility (Know one male fertility disorder)

Cause:

· Low sperm count - inability to produce enough healthy sperm. Men with a low sperm count ((20 million /cm3) are sterile. Low sperm counts may arise due to persistent cigarette smoking, excessive alcohol, marijuana, anabolic steroids or low levels of male hormones.  Males suffering from mumps in adult life may also destroy the ability of the testes to produce sperm.  Contact with chemicals in detergents and plastics may reduce sperm counts.

· May also be caused by the inability of sperm to swim properly.

· Insufficient testosterone.

Treatment:

· Changes in diet and lifestyle. 

· If due to lack of testosterone drug therapy may be useful.

· IVF

· Sperm may be placed directly into fallopian tube.  

Artificial insemination – used when male is sterile or carries a genetic defect.  If infertile due to low sperm count, his sperm can be concentrated or sperm from a donor can be used.

Note: Impotence is the ability to have sexual intercourse (not infertility).

Female infertility (know one)
Causes

· Blockage of fallopian tube which prevents egg from being fertilised and passing into uterus. Blockage is due to scarring.  One cause of scarring is the inflammation of the fallopian tubes due to STDs.  Another is endometriosis.

· Hormone imbalance.  Endocrine gland failure – may cause an inability to produce eggs or production of infertile eggs (common in older woman or prevent ovulation). Stress and low body fat percentage can also cause hormone imbalance.

Treatment

· Surgery to clear small blockages in fallopian tube. Antibiotics for infection and drugs for endometriosis.

· IVF

· Hormone therapy – used to regulate ovulation.

IVF – In vitro fertilisation
Involves removing an egg from an ovary and fertilising it outside the body.

Early in the menstrual cycle, the woman is given hormones to cause the production of several eggs.  The developing follicles are monitored by ultrasound scanning.  Immediately before ovulation, the eggs are removed through a narrow needle and transferred to a nutrient fluid in a petri-dish.  The man’s sperm is mixed with the eggs and incubated. After a few days, if fertilisation has taken place and the embryos have begun to grow, several embryos are placed in the uterus and hopefully one will implant and develop. Blastocysts may also be frozen and transplanted into the woman at a later time.

Menstrual Disorders (know one)

· Fibroids

A benign tumour in uterus wall – consists of muscle and connective tissue.

Cause – not clear.  May be induced by oestrogen – e.g. in oral contraceptives.

Symptoms – large fibroids can cause the endometrium to wear away which can cause heavy menstrual bleeding, loss of iron and anaemia, pain, miscarriage or infertility due to blocked fallopian tubes, pain or swelling in the abdomen.

Treatment – Large fibroids, if necessary, can be removed by surgery; hysterectomy, anti-oestrogen tablets can shrink fibroids but may lead to a risk of osteoporosis.

· Endometriosis

A condition where small pieces of the endometrium are not shed in the normal way and they pass out into the pelvic cavity via the fallopian tubes. They continue to bleed each month.  The blood cannot escape and hence cysts (lumps) grow on the pelvic organs.

Causes: May be due to a hormone imbalance or a weakness in the immune system.

Symptoms:  Very heavy, painful periods.

Treatment:  Painkillers, drugs (to prevent menstruation) and surgery, if necessary, to remove cysts, ablation (burning off of a surface) of unwanted tissue by laser and hysterectomy.

Note:  Amenorrhoea (no menstruation) and dysmenorrhoea (painful periods).

Birth Control - Family planning

Birth control is a deliberate action to determine the number and spacing of children.

This includes abortion (termination of a pregnancy) or contraception (deliberate prevention of fertilisation and implantation.

A miscarriage (natural abortion) is the birth of a foetus at a stage too early to survive e.g. 3/4 months).  Treating a woman with hormones can prevent this from happening.

Abortion is the killing of a foetus in the uterus by drugs or surgery or stimulating it to be born at a stage when it would not survive.

Natural Birth Control
· Total abstinence from sex.

· Withdrawal of penis before ejaculation.

· No sexual intercourse during the most fertile period.

The temperature method relies on the fact that a female’s body temp rises by 0.5oC at ovulation and stays higher for the remainder of the cycle.

The Billing’s method is based on the fact that the cervix produces mucus only during the fertile period.

The rhythm method depends on keeping monthly records of the menstrual cycle and predicting the fertile period from patterns noted.

Mechanical contraception 

- physical barriers to fertilisation

· Condom 

A thin rubber sheath covering the erect penis preventing semen from being deposited in the vagina.

Reasonably effective although it is unsafe if it is not put on early enough, or if leakage occurs, or if it ruptures.  This danger may be lessened by the use of a spermicidal cream.  Advantages = convenience, availability and reduction of disease transmission e.g. AIDS.  Female condoms are placed in the vagina.

· Diaphragm:

Dome-shaped rubber cap that fits over the cervix preventing sperm entering the uterus.

  It must be fitted by a doctor and needs checking for fit at intervals, especially after childbirth or loss of weight.  The patient is taught how to insert, remove and care for it.  It should be covered with spermicidal cream and inserted into vagina no more than one hour before ejaculation and left there for at least 6 hours after.

· Intrauterine device (IUDs)
A plastic or metal loop or coil which prevents implantation. 

It is inserted into the uterus, by a doctor.  It may be “active” (contain a chemical that adds to the contraceptive action) or “inert”.  Risks - pelvic infection, tubal pregnancies, heavier menstruation.

2.  Chemical contraceptives

· Pill 

The’pill’ contains oestrogen and progesterone, which prevents ovulation.

This pill is usually taken for 21 days.  Bleeding occurs in the seven days when no tablets are taken.

Morning-after pill changes the endometrium so that the blastocyst cannot implant.  Can be taken up to 72 hours after intercourse.

· Spermicides are substances that kill sperm – used along with the mechanical methods.

· Contraceptive implants
Slow releasing progesterone rods placed under the skin, mimics pregnancy – follicles do not mature, no ovulation.

· Injectable contraceptive – progesterone injected every three months.

3.
Surgical- sterilisation is a permanent method of birth control

Female – prevents eggs meeting sperm e.g. (i) application of an inert silicone clip to tube (ii)  tubal ligation – oviducts cut and tied.

Male - ligation of sperm ducts so that sperm is absent from semen.
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