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The placenta is the life support system of the mammalian fetus within the
uterus, prior to birth. It enables the blood capillary systems (and some
surrounding tissues) of the mother and fetus to become placed very closely
together. However maternal blood and fetal blood are never allowed to
mix. Digested foods and oxygen can pass easily from maternal blood to
fetal blood, and carbon dioxide, urea and other waste products can pass
easily from fetal blood to maternal blood.

Exam Hint: the placenta has two main functions which may be
tested in exam questions. This Factsheet deals with its function as
an exchange organ between the mother and fetus. However,
remember that it also functions as an endocrine gland, secreting
hormones which regulate pregnancy.

• The umbilical arteries arise and carry blood which is low in oxygen to
the placenta where oxygenation occurs in the dense capillary network.

• The blood flowing back to the fetus in the umbilical vein has high
oxygen tension.

• The umbilical vein goes direct to the fetal liver where blood is
immediately shunted into the fetal posterior vena cava by a special
vessel called the ductus venosus.

Fig. 1.  A fetus (about 6 months from conception) and its placenta
in the uterus
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Processes involved in substance exchange across the placenta include
diffusion, osmosis, facilitated and active transport, pinocytosis and
phagocytosis.

In addition to the normal exchange of respiratory gases, nutrients,
excretory products, hormones and some antibodies across the placenta,
some abnormal substances can pass to the fetus. These may damage the
fetus, for example, nicotine from cigarettes, alcohol, drugs such as heroin,
and HIV virus. A teratogen is a substance that can cause fetal
abnormalities if it crosses the placenta. Examples are thalidomide and
the toxins from Rubella (German measles) virus.

How is the placenta adapted for efficient transport?
1. The surface area for exchange is hugely increased by folding and

interlocking of placental and endometrial surfaces and the development
of villi and microvilli.

2. The number of histological (tissue) layers between maternal and fetal
blood become reduced as the placenta develops. This is called placental
erosion and reduces the distance between the bloods, thus improving
exchange.

3. Fetal capillary blood flow and maternal capillary blood flow is in
opposite directions, (countercurrent) which enables greater exchange
of substances.

4. Fetal haemoglobin has a greater affinity for oxygen than maternal
haemoglobin and so onloads oxygen in the placenta at oxygen tensions
at which maternal haemoglobin offloads it.

These four adaptations will now be discussed in greater detail.

Remember – although the fetal circulation has basically the same vessels
as the adult, they operate differently. Because the pulmonary system is
closed down in the fetus, the gaseous exchange occurs via the placenta.
States of oxygenation and deoxygenation are not as clear cut as in the
adult – for example, the posterior vena cava blood of the fetus is highly
oxygenated, but in the adult it has relatively little oxygen content. At birth
the ductus venosus is closed off.

Table 1. Comparison of maternal and fetal blood

Concentration of substances

Substance Umbilical arteries Umbilical vein Uterine arteries Uterine veins
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 tension High O
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Glucose + other sugars Low High High Low

Amino acids, lipids Low High High Low

Urea + other  nitrogenous waste High Low Low High

The umbilical cord carries two umbilical arteries from fetus to the placenta
where they branch to form an extremely dense, large capillary network.
These capillaries rejoin, eventually to form one umbilical vein which passes
through the umbilical cord back to the fetus.
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1. Increased exchange surface area
As the placenta develops, the placental surface lies against the endometrium
and the two surfaces become folded and interlocked together (Fig 2).

Fig 2. Human fetus and placenta in uterus showing increased
exchange surface
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As development continues, the outer surface of the placenta (chorion)
becomes folded into finger-shaped villi which interlock with corresponding
projections on the endometrium (Fig 3).

Fig 3. Magnified (light microscope) view of chorionic villi
interlocking with endometrium

The cell surface membranes of the chorionic and endometrial epithelia are
also folded into microvilli (an electron microscope feature) to further
enlarge the exchange surface area.

The term ‘trophoblastic villi’ is sometimes used. Trophoblastic villi
are often confused with chorionic villi but refer to villi on the outer
surface (the trophoblast) of the embryo at the gastrula stage when it
first implants into the endometrium, before the placenta starts
developing. Chorionic villi are more complex and form later.

2. Placental erosion
The maternal and fetal bloods in the capillaries of the newly formed placenta
are separated by several tissue layers (Fig. 4).

Fig 4.  Tissue layers separating fetal and maternal bloods in the
newly formed placenta

     Fetal blood

Fetal capillary
endothelium

Maternal connective
tissue

Maternal blood

Fetal connective
tissue

Fetal chorionic
epithelium

Maternal
endometrial
epithelium

Maternal
capillary
endothelium

The more tissue between the two bloods, the more difficult it is for exchange
to occur by diffusion, osmosis and other methods. In many mammalian
species, as the placenta continues to develop, some of the layers degenerate
and disappear, thus improving exchange between the bloods.
• In humans the maternal  capillary endothelium, much of the connective

tissue and the endometrial epithelium degenerate (Fig 5).

Fig 5. Human placental structure
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3. Counter-current blood flow
Greater exchange can be achieved if the fetal blood flows in the opposite direction to the maternal blood rather than if the bloods flow parallel in the same
direction (Fig. 6).

Fig. 6.  Parallel and opposite blood flow

 Figures are  percentages of possible exchange.

Supply blood                          100 80 60 60

Parallel flow

Recipient blood 20 40 59 60

In the placenta the blood flow in the fetal capillaries is opposite to the flow in the maternal blood sinuses and so exchange of gases, nutrients and
excretory substances is enhanced.

Supply blood 100 80 60              40              20

Opposite flow

Recipient blood 100   80     60    40 20

Exchange can only occur until the
two bloods are at equilibrium

Providing the capillaries are long
enough, exchange will continue until the
recipient blood achieves the same
maximum concentration as he supply
blood.

4. Fetal and maternal haemoglobin

Fig 7. Oxygen-haemoglobin dissociation curves of fetal and maternal
haemoglobin

Fig 7 shows that the fetal haemoglobin lies to the left of the maternal
haemoglobin curve. What does this mean? Think of it in terms of the amount
of oxygen that is in the fetal and maternal haemoglobin. At any particular
partial pressure of oxygen the fetal haemoglobin will pick up more oxygen
than the mum’s haemoglobin. For example, at an oxygen partial pressure of 5
kPa the maternal haemoglobin will be 26% saturated whilst the fetal
haemoglobin will be 75% saturated. The fetus has succeeded in getting more
O

2
 than the mum.
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Exam Hint: questions may be asked about the differences, and reasons
for the differences, between umbilical artery blood, umbilical vein
blood and maternal blood. Questions may also be asked about the
adaptations of the placenta which improve exchange between maternal
and fetal bloods. You are unlikely to be tested on the formation of the
fetal membranes and the formation of the placenta.

Methods of transport of specific substances
Oxygen diffuses from maternal oxyhaemoglobin to fetal oxyhaemoglobin.
About 5% of carbon dioxide diffuses from fetal carbaminohaemoglobin to
maternal carbaminohaemoglobin. (Remember - carbaminohaemoglobin is
haemoglobin with carbon dioxide bonded to its amino acid side chains)

• About 95% of the carbon dioxide diffuses from fetal plasma to maternal
plasma in the form of hydrogen carbonate ions.

• Glucose passes from maternal to fetal plasma by diffusion, active and
facilitated transport.

• Other sugars, for example, fructose, pass from maternal to fetal blood
by diffusion.

• Amino acids pass from maternal blood to fetal blood by diffusion and
active transport.

• Urea and other nitrogenous waste pass from fetal blood to maternal
blood by diffusion and active transport.

• Water may pass through the cell layers separating the bloods by
osmosis and by pinocytosis and reverse pinocytosis.

• Small lipids (glycerol and small fatty acids) may pass between the
bloods by diffusion through the lipid soluble areas of cell membranes.
Larger lipids may be passed across the cell membranes by phagocytosis
and reverse phagocytosis, particularly in the early stages of placental
formation and through trophoblastic villi.

• White blood cells can pass across the placental membranes, mainly
from mother to fetus. If the white cells are activated lymphocytes
(plasma cells) then they will give maternal antibodies to the fetus thus
providing some passive immunity to the fetus.

• Red blood cells cannot normally pass the placental barrier, although a
few fetal red cells may escape to mother’s blood when the placenta is
aged (the last few days of pregnancy).

Parallel flow

Opposite flow
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Answers
1.(a)A = umbilical arteries;  B = umbilical vein;

C = maternal blood sinus/space; D = chorionic villi;
E = uterine blood vessels;5

(b)(i)as the placenta develops some tissue/histological layers are
lost/breakdown;
in the human the endometrial capillary endothelium and much
of the endometrial connective tissue is lost;
thus the maternal blood flows into sinuses/spaces and directly
bathes the chorionic villi;3

(ii)it reduces the diffusion distance/distance for exchange between
fetal and maternal bloods;1

(iii)there is a greater risk to the mother of severe haemorrhage
when the placenta is shed after birth;1

Total 10

2.(a)higher oxygen tension; lower carbon dioxide/ HCO
3

-
  tension; higher

nutrient/glucose/sugar/amino acid concentration; lower urea/
nitrogenous waste concentration;4

(b)at the partial pressure of oxygen in the placenta maternal
haemoglobin unloads oxygen;
at this/the same partial pressure of oxygen in the placenta fetal
haemoglobin onloads oxygen;
fetal haemoglobin becomes nearly fully saturated/100% saturated
with oxygen;
when fetal haemoglobin reaches the fetal tissues it easily unloads
oxygen;
because respiring fetal tissues have used up oxygen thus reducing
its partial pressure;5

(c)diffusion of HCO
3

-
 ions from high concentration in fetal plasma to

lower concentration in maternal plasma;
carbon dioxide released from fetal carbaminohaemoglobin diffuses
to maternal blood and forms maternal carbaminohaemoglobin;

2
Total 11

3. villi;  fetal;  urea/uric acid;  fetal;  maternal;  active transport;  Rubella/
German measles;  toxin;  teratogens;
abnormalities/deformities; passive; antibodies; white blood cells/plasma
cells;Total 12

4.(a)if blood flows are parallel, exchange only occur until the two bloods
are in equilibrium;
thus the diffusion gradient is lost and this limits the amount of
exchange that can occur;
more exchange can take place if blood flows are opposite because
the diffusion gradient is maintained;
until the recipient blood reaches the highest concentration of the
supply blood; give credit for suitable diagram;max 4

(b)maternal blood directly bathes chorionic villi;
thus exchange distances are reduced to a minimum/ref to shortened
diffusion gradients;2

(c)  many substances are actively transported into the cells from maternal
blood, or out of the cells from fetal blood/placental tissue, and they
all require specific carriers;
for example, glucose/amino acids into cells, urea/uric acid out of
cells;2

Total 8

Practice Questions
1. (a) The diagram below shows a section of a human placenta. Name

structures A to E.  5

(b) (i) With reference to the placenta shown in the diagram explain
the meaning of ‘placent erosion’. 3

(ii) Suggest an advantage of ‘placental erosion’. 1
(iii) Suggest a disadvantage of ‘placental erosion’. 1

Total 10

2. (a) State four ways in which blood in the umbilical arteries differs
from blood in the umbilical vein. 4

(b) The oxygen-haemoglobin dissociation curve of fetal haemoglobin
is displaced to the left of the oxygen-haemoglobin dissociation
curve of maternal haemoglobin. Explain how this enables efficient
oxygen transport from maternal blood to fetal tissues. 5

(c) How is carbon dioxide transferred from fetal blood to maternal
blood? 2

Total 11

3. Read through the following passage about placental exchange and then
fill in the spaces with the most appropriate word or words.

The chorionic ……….. provide a huge surface area for exchange between

 ……….. and maternal blood. Nitrogenous waste products, for example,

 ………. , pass from ………. to…………… blood by diffusion and

 ……………………… . Some substances, for example, thalidomide and

………………….., can pass to the fetus and act as ……………. .

This means that they cause fetal  …………………….. .  The fetus may

also be given …………immunity by the passage of ………………… or

………………………cells from maternal to fetal blood.
Total 12

4. Suggest how the following adaptations improve placental exchange.
(a) In the placenta, fetal capillary blood flows in the opposite direction

to maternal capillary blood flow. (You may find it easier to use a
diagram to illustrate your answer) 4

(b) In human placental development maternal uterine capillaries are
lost and large blood containing sinuses are formed in their place.2

(c) The plasma membranes of the chorionic epithelium contain many
carrier molecules. 2

Total 8
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