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6. Reproductive System 
n refers to the number of chromatids in the cell as a multiple of the haploid number of chromosomes for the organism 

4n = here are 23 chromosome pairs (46 chromosomes) and each chromosome has 2 chromatids, so there are 92 
chromatids in each cell (4*N). (diploid)  

2n = after mitosis, where a cell has divided in two but not yet duplicated its DNA in S phase, there are still 23 
chromosome pairs  but each chromosome only has one chromatid, thus there are 46 chromatids (2*N)  

n = after meiosis each cell (gamete) only has half the number of chromosomes (23). Furthermore, each chromosome 
only has one chromatid. So there are 23 chromatids (1*N)  

 

Draw and label diagrams of the adult male and female reproductive systems 

 
 

1. Testosterone (hormone) 

List three roles of testosterone in males. 

Cells in the testes of males produce testosterone – the male sex hormone. It has several roles. 

 The developing testes of a male foetus secrete testosterone, which causes male genitalia, 
including a penis, to develop in the foetus. 

 Levels of testosterone rise during puberty and cause male secondary sexual characteristics 
to develop – pubic hair, an enlarged penis and growth of skeletal muscles for example. 

 During adulthood, testosterone maintains the sex drive, the instinct which encourages men to 
have sexual intercourse and therefore pass on their genes to offspring. 

Testosterone is also one of the hormones needed to stimulate sperm production by the testes. 
 

2. Female Sex hormones 

Outline the role of hormones in the menstrual cycle, including FSH (follicle stimulating hormone), LH 
(luteinizing hormone), oestrogen and progesterone. 

The pituitary gland produces FSH and LH. These two hormones affect processes in the ovary. 

FSH stimulates the development of follicles - fluid filled sacs that contain an egg cell. 

LH stimulates follicles to become mature, release their egg (ovulation) and then develop into a 
structure called the corpus luteum. 

The ovary produces oestrogen and progesterone. 
These two hormones stimulate the development of female secondary sexual characteristics 
during puberty. 
They also stimulate the development of the uterus lining that is needed during pregnancy. 
 

Unless a woman is pregnant the levels of the female sex hormones rise and fall according to a 
cycle (described later). 
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3. The menstrual cycle 

Annotate a graph showing hormone levels in the menstrual cycle, illustrating the relationship between 
changes in hormone levels and ovulation, menstruation and thickening of the endometrium. 

Between puberty and the menopause, women who are not pregnant follow a menstrual cycle. It is controlled by hormones FSH and LH 
produced by the pituitary gland and oestrogen and progesterone produced by the ovary. 

 FSH (secreted by pituitary), stimulates follicle development 

 Developing follicle secretes oestrogen (secreted by ovary) that inhibits production of FSH 
(so only one follicle develops!) and stimulates the development of uterus lining 

 Oestrogen stimulates LH secretion by pituitary which causes ovulation (release of egg from follicle). 

 After ovulation, the remains of the follicle become the corpus luteum which secretes 
progesterone, this maintains the lining of the uterus and inhibits FSH. 

 As the corpus luteum decays, progesterone levels decrease and the uterus lining isn’t 
maintained, so it is expelled by the body (=menstruation blood). However, if the egg is 
fertilised on its root down the oviduct and implants in the uterus lining, the placenta produces 
lots of progesterone which maintain the uterus lining. 
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4. In Vitro Fertilization 

Outline the process of in vitro fertilization (IVF). 

1. Various drugs are injected one a day for three weeks to stop the menstrual cycle. 

2. Large doses of FSH are injected for 10-12 days to stimulate ovaries to develop many 
follicles. 

3. HCG hormone is injected to mature eggs. 

4. The eggs are extracted from the follicles (just before ovulation) 

5. Sperm provided by a man are processed to concentrate the healthiest ones. 

6. Each egg is mixed with sperm in a shallow dish. These are kept overnight in an incubator. 

7. Some eggs will hopefully be fertilised; two or three are selected and placed into the uterus 
using a tube 

8. After a few weeks, a pregnancy test is done to see if any embryos have implanted. 

 

 

 Ethical issues associated with IVF 

Discuss the ethical issues associated with IVF. 

Advantages Disadvantages 

Many forms of infertility are due to 
environmental factors, so offspring will 
not inherit it. 

Inherited forms of infertility might be passed on 
to children, which means that the suffering of the 
parents is repeated in their offspring 

Any embryos that are killed during IVF are 
unable to feel pain or suffer, because their 
nervous system has not developed yet 

More embryos are often produced than are needed 
and the spare embryos are sometimes killed, 
denying them the chance of life 

Suffering due to a genetic disease could 
be reduced if embryos were screened 
before being transferred to the uterus 

Embryologists select embryos to transfer to the 
uterus, so humans are deciding whether new 
individuals survive or die (“play god”) 

Parents willing to go through the process of 
IVF must have a strong desire for children 
and so are likely to be loving parents 

Those who do not remove extra eggs from the 
uterus have multiple births, increasing the risk of 
health problems for the foetus 

Infertility brings great unhappiness to 
parents who want to have children, which in 
some cases can be overcome by IFV 

IVF is an unnatural process, in contrast to natural 
conception occurring as a result of an act of love 

no need to have relationships Could adopt children from orphanage – 
world is already overpopulated 

HIV-people can have babies 
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5. Spermatogenesis 

Spermatogenesis is the production of spermatozoa. Spermatozoa are usually simply called sperm. 
Spermatogenesis occurs in the testes, in narrow tubes called seminiferous tubules. 

Annotate a light micrograph of testis tissue to show the location and function of interstitial cells (Leydig cells), germinal 
epithelium cells, developing spermatozoa and Sertoli cells. 

 

Leydig cells: 
Secrete testosterone 

 

Germinal epithelium cells: 
Produce more spermatogonia 

 

Sertoli cells: 
Help spermatids to develop into spermatozoa 

a. Stages of Spermatogenesis 
Outline the processes involved in spermatogenesis within the testis, including mitosis, cell growth, the two divisions of meiosis and cell differentiation 

 

 
 

 Germ cells (spermatogonia 2 n; produced by germinal 
epithelium cells) divide by mitosis 

 They grow into larger cells (primary spermatocytes 2n) 

 Each one carries out meiosis I 
 produces 2 secondary spermatocytes (n) 

 Each one carries out meiosis II (stimulated by Testosterone 
which is stimulated by LH) 
 produces 2 spermatids (n) 

 These attach to Sertoli cells (nurse cells)  nourish them 
during final development into spermatozoa (n) (=cell 
differentiation) 

 Sperm detach from Sertoli cells and are carried out of the 
testes 
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b. Hormonal control of Spermatogenesis 

State the role of LH, testosterone and FSH in spermatogenesis 

Hormone Produced by Role 

 

FSH Pituitary gland 

stimulates primary spermatocytes 

to undergo meiosis I 

(to form secondary spermatocytes) 

LH Pituitary gland 
stimulates the secretion of 

testosterone by the testis 

Testos-
terone 

Interstitial cells 
in the testis 

stimulates division of 

secondary spermatocytes 

(meiosis II) 

6. Production of semen 

Outline the role of the epididymis, seminal vesicle and prostate gland in the production of semen. 

Epididymis, seminal vesicles and prostate gland help to produce semen. 
When sperm from the testis arrive in the epididymis, they are unable to swim. The sperm undergo 
a maturing process while they are stored in the epididymis and become able to swim. 
The two seminal vesicles and prostate gland produce and store fluids and expel them during 
ejaculation. The fluid mixes with the sperm and increases the volume of the ejaculate. The fluid 
from the seminal vesicles contains nutrients for the sperm including fructose. It also contains 
mucus which protects the sperm in the vagina. The fluid from the prostate gland contains mineral 
ions and is alkaline so protects the sperm from the acid conditions in the vagina. 

 

(semen = fluid containing sperm) 
Epidymis Stores sperm prior to release, maturing process 
Seminal vesicles Produce mucus (to help sperm mobility), includes fructose (nutrient for sperm) 
Prostate Produces alkaline fluid (neutralises acidic conditions in vagina) 

 

Draw and label a diagram of a mature sperm 
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7. Oogenesis 

Oogenesis is the production of an ovum. Ova are often simply called eggs. Oogenesis occurs in the ovaries. 

o Annotate a diagram of the ovary to show the location and function of germinal epithelium, primary 
follicles, mature follicle and secondary oocyte 

o Outline the processes involved in oogenesis within the ovary, including mitosis, cell growth, the two 
divisions of meiosis, the unequal division of cytoplasm and the degeneration of polar body 

 Before birth: In female foetus, oognoia (2n) divide by mitosis 

 Oogonia = oocyte (still 2n) 

 Primary oocytes start meiosis but STOP partway through prophase 1 

 After birth: In puberty, FSH is made = 1 or 2 follicles develop; 1st 
division of meiosis is completed but UNEQUALLY – second oocyte is 
larger, polar body is small and useless 

 the second oocyte starts second division of meiosis, but stops in 
prophase 2 

 Meiosis is completed AFTER fertilisation 

 

Draw and label a diagram of a mature egg 
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8. Comparison of oogenesis and spermatogenesis 

Compare the processes of spermatogenesis and oogenesis, including the number of gametes and the timing of the 
formation and release of gametes 

There are many similarities between the formation of sperm and eggs. 

 Both start with proliferation of cells by mitosis,      involve the cell growth before meiosis, 

 involve the two divisions of meiosis. 

Spermatogenesis Oogenesis 

Millions produced daily One produced every 28 days 

Released during ejaculation Released on about day 14 of menstrual cycle by 
ovulation 

Sperm formation starts during puberty 
in boys 

The early stages of egg production happen during foetal 
development in females 

Sperm production continues throughout 
the adult life of men 

Egg production becomes irregular and then stops at the 
menopause in women 

4 sperm are produced per meiosis Only 1 egg is produced per meiosis (nr. of gametes 
produced by meiosis) 

about 60 µm about 130 µm 

 

9. Fertilisation 

Describe the process of fertilization, including the acrosome reaction, penetration of the egg membrane by a sperm 
and the cortical reaction 

1. Arrival of sperm 
Sperm are attracted by a chemical signal and swim up the oviduct to 
reach the egg. (Fertilization is only successful if many sperm reach the egg.) 

2. Binding 
The first sperm to break through the layers of follicle cells binds to the 
zona pellucid. This triggers the acrosome reaction. 

3. Acrosome reaction (Sperm bursts into egg using enzymes) 
The contents of the acrosome 
are released, by the 
separation of the acrosomal 
cap from the sperm. The 
contents (zona-digesting 
enzymes) from the acrosome 
digest a route for the sperm 
through the zona pellucid, 
allowing the sperm to reach the 
plasma membrane of the egg. 

4. Fusion 
The plasma membranes of the sperm and egg fuse and the sperm 
nucleus enters the egg and joins the egg nucleus. Fusion causes the 
cortical reaction. 

5. Cortical reaction (zona pellucid becomes tough so no more sperm gets through) 
Small vesicles called cortical granules move to the plasma membrane of 
the egg and fuse with it, releasing their contents by exocytosis. Enzymes 
from the cortical granules cause cross-linking of glycoproteins in the zona 
pellucid, making it hard and preventing the entry of any more sperm. 

6. Mitosis 
The nuclei from the sperm and egg do not fuse together. Instead, both 
nuclei carry out mitosis, using the same centrioles and spindle of 
microtubules. A two-cell embryo is produced.  
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10. HCG in early pregnancy 

Outline the role of HCG in early pregnancy. 

Oestrogen and progesterone are needed throughout pregnancy to stimulate the development of 
the uterus lining. During the first few days after ovulation the corpus luteum secretes these 
hormones whether or not there has been fertilization. After implanting in the uterus wall, the 
embryo starts to secrete a hormone called HCG. It prevents degeneration of the corpus 
luteum, which would happen at the end of a menstrual cycle. HCG stimulates the corpus luteum 
to grow and to continue secretion of oestrogen and progesterone. This is essential to allow the 
pregnancy to continue. By the middle of the pregnancy, the corpus luteum starts to degenerate, but 
by then cells in the placenta are secreting oestrogen and progesterone and these cells secrete 
increasing amounts until the end of the pregnancy. 
 

11. Pregnancy and Childbirth 

a. Fertilization and early embryo development 

Outline early embryo development up to the implantation of the blastocyst 

Fertilization and early embryo development 
If a couple wants to have a child, they have sexual 
intercourse (copulation) without using contraception. During 
copulation, semen is ejaculated into the vagina. Sperm swim 
through the cervix, up the uterus and into the oviducts. If there 
is an egg in the oviducts, a sperm can fuse with it to produce 
a zygote (fertilised egg). The fusion of an egg with a sperm = 
fertilization. 
The zygote produced by fertilization in the oviduct is a new 
human individual. It starts to divide by mitosis to form a 2-cell embryo, then a 4-cell embryo and so 
on until a hollow ball of cells called a blastocyst is formed. While these early stages in the 
development of the embryo are happening, it is transported down the oviduct to the uterus. With 
about 7 days, it implants itself into the wall of the uterus, where it continues to grow and develop. 

b. Development of the foetus 

By the time that embryo is about 8 weeks old, it starts to develop bone tissue and is known from 
then onwards as a foetus. The foetus develops a placenta and an umbilical cord. The placenta is a 
disc-shaped structure, with many projections called placental villi embedded in the uterus wall. In 
the placenta the blood of the foetus flows close to the blood of the mother in the uterus wall.  

Explain how the structure and functions of the placenta, including its hormonal role in secretion of oestrogen and 
progesterone, maintain pregnancy 

Oestrogen and progesterone are needed throughout pregnancy to stimulate the development of the uterus lining. 
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State that materials are exchanged between the maternal and foetal blood in the placenta 

Materials are exchanged between maternal and foetal blood. For example, oxygen passes from 
maternal to foetal blood and carbon dioxide passes from foetal to maternal blood. 

 
 

State that the foetus is supported and protected by the amniotic sac and amniotic fluid. 

The foetus also develops around itself an amniotic sac containing amniotic fluid. The foetus 
floats in this fluid and is supported by it. The delicate tissue of the foetus are protected from injury 
by the amniotic fluid, which acts as a shock absorber. This is needed if an everyday event or an 
accident causes an impact to the mother’s abdomen. 
A sample of fluid can be taken from the amniotic sac by inserting a hypodermic needle through the 
abdomen wall (process is called amniocentesis). The fluid contains foetal cells which can be 
cultured to make them divide. The chromosomes of the dividing cells can be examined to test for 
chromosomal abnormalities such as Down’s syndrome. 
 

c. Child Birth 

Outline the process of birth and its hormonal control, including the changes in progesterone and oxytocin levels and 
positive feedback. 

Through the 9 months of pregnancy, the hormone progesterone ensures that the uterus develops 
and sustains the growing foetus. The level of progesterone in the mother becomes increasingly 
high. The end of pregnancy is signalled by a fall in progesterone level. This allows the mother’s 
body to secrete the hormone oxytocin which causes the muscle in the uterus wall to contract. 
Uterine contractions stimulate the secretion of more oxytocin. The uterine contractions therefore 
become stronger and stronger – positive feedback. 
While the muscle in the wall of the uterus is contracting, the cervix relaxes and becomes wider. 
The amniotic sac bursts and the amniotic fluid is released. Finally, often after many hours of 
contractions, the baby is pushed out through the cervix and the vagina. The umbilical cord is cut 
and the baby begins its independent life. Contractions continue for a time until the placenta is 
expelled as the afterbirth. 


