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Human physiology
Chapter summary – a reminder of the issues to be revised
Notes

1 Digestion occurs in the alimentary canal or gut, a long
muscular tube with an opening at both ends (mouth and anus).
Mechanical digestion is brought about by the teeth and the
churning actions of the gut wall. Chemical digestion is brought
about by enzymes that are secreted onto the broken up food
in particular regions of the gut, under carefully controlled
conditions of pH.
2 Enzymes, many secreted by the pancreas, digest most
macromolecules in food into monomers in the small intestine.
Proteins are hydrolysed to amino acids by protease enzymes
in the gastric juice, working in the acid environment of the
stomach, and proteases in the pancreatic juice, working
in the neutral/alkaline conditions of the small intestine.
Carbohydrates are hydrolysed to sugars, and lipids to fatty
acids and glycerol, both mainly in the small intestine.
3 Absorption of products of digestion occurs in the small intestine,
where the surface area is vastly increased by finger-like villi and
by the microvilli of the epithelial cells. Sugars and amino acids
are absorbed into the capillary network, and carried to the
liver by the hepatic portal vein. Fatty acids and glycerol enter
the lacteals, and are carried by the lymphatic system to the
blood circulation. In the large intestine, absorption of water and
mineral ions is completed.
4 Mammals have a closed circulation in which blood is pumped
by a muscular heart through a continuous series of tubes, the
arteries, veins and capillaries. It is a double circulation, in
that blood goes twice through the heart in every complete
circulation. The pulmonary circulation is to the lungs, supplied
by the right side of the heart. The systemic circulation is to the
rest of the body, supplied by the left side of the heart.
5 The heart is a hollow, muscular organ of four chambers.
The right and left halves of the heart are completely separate.
The upper chambers, the atria, have relatively thin walls. The
lower chambers, the ventricles, have thick walls. Direction of
blood flow through the heart is maintained by valves.
6 The cycle of changes of a heartbeat, known as the cardiac
cycle, lasts about 0.8 seconds. It consists of alternate contraction
(systole) and relaxation (diastole). Atrial systole precedes
ventricular systole, and both are followed by periods of diastole
that partly overlap. Then atrial systole commences again.
7 The heartbeat originates in the heart itself (myogenic), at the
sinoatrial node (SAN or pacemaker), in the upper wall of the
right atrium. This activates the atrial muscle to contract, and
triggers the atrioventricular node which carries the ‘contract’
signal on to the ventricles. The activity of the pacemaker
is modulated from the cardiovascular control centre in the
medulla of the brain. Impulses from the cerebral hemispheres,
involuntary reflexes from stretch receptors in arteries outside
the heart and hormone action can all alter heartbeat rate.
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8 The blood circulation system consists of arteries, which
carry blood away from the heart, veins, which carry blood
back to the heart, and capillaries, which are fine networks of
tiny tubes linking arteries and veins. Arteries and veins have
strong, elastic walls, but those of the arteries are very much
thicker and stronger than those of the veins. The strength of
the walls comes from the collagen fibres, and the elasticity
is due to the elastic and involuntary (smooth) muscle fibres.
The walls of the capillaries consist of endothelium only (also
present as the innermost lining layer of arteries and veins).
Capillaries branch profusely and bring the blood circulation
close to cells – no cell is far from a capillary.
9 The skin and mucous membranes form the primary defence
against pathogens, but defence against those that enter the
body is provided by leucocytes (white cells). Some of these are
phagocytic, engulfing and destroying foreign matter.
10 The immune system, the main defence, is able to recognize
‘self’ cells and proteins from foreign or ‘non-self’ materials,
known as antigens. The B and T lymphocytes, when
sensitized by antigens, respond in complex ways to overcome
the invasion, including by the production of specific antibodies
that destroy or inactivate the foreign matter. Memory cells are
formed and retain the ability to respond again, in the event of
reinfection.
11 When a blood vessel is ruptured, the blood clotting
mechanism is activated. Formation of a clot is triggered
by a ‘cascade’ of events at the site of breakage, involving
platelets, the release of clotting factors, and the blood proteins
prothrombin and fibrinogen.
12 Antibiotics are developed from naturally occurring chemicals
that are obtained from certain bacteria and fungi, and that
inhibit the growth of other microorganisms. They work by
destroying prokaryotic pathogens (bacteria) by interfering
in their growth and metabolism. Unfortunately, pathogens
develop resistance, so new antibiotics are constantly sought.
13 Gaseous exchange – the exchange of gases between an
organism and its environment – makes possible aerobic
respiration in the cells of the body. Gas exchange between
individual cells and their immediate environment occurs by
diffusion.
14 Mammals, with their compact bodies and protected external
surface, require specialized respiratory organs, the lungs. Lungs
are housed in the air-tight thorax, which moves rhythmically
to change the pressure there, ventilating the lungs. The blood
circulation system serves the lungs and transports oxygen
all over the body, facilitated by the respiratory pigment
hemoglobin which is present in the red blood cells. Carbon
dioxide is returned to the lungs.
15 The alveoli (the air sacs where gaseous exchange occurs) are
reached via the trachea, bronchi and bronchioles, a branching
system referred to as the ‘bronchial tree’. The walls of these
tubes are variously supported by cartilage and smooth muscle,
and their surface is lined by a ciliated epithelium with goblet
cells that secrete mucus.
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16 The millions of individual alveoli are served by terminal
bronchioles, and both are thin walled and surrounded by fine
capillaries. The walls of the alveoli are composed of extremely
thin alveolar cells (Type I pneumocytes). Here, a huge, thin
surface area is provided for efficient exchange of gases between
the air and the blood circulation. Detritus and bacteria are
removed by macrophages, and the walls kept flexible by the
secretions of surfactant cells (Type II pneumocytes).
17 Chronic obstructive pulmonary disease (chiefly bronchitis
and emphysema) and lung cancer are caused by frequent and
regular exposure to cigarette smoke, among other possible
causes.
18 Neurons, the basic units of the nervous system, transmit
electrical impulses. The nerve fibres of neurons, the dendron
and axon, are typically protected by a myelin sheath, which
also speeds conduction of the impulse. Neurons pump sodium
and potassium ions across their membranes to generate a
resting potential.
19 An impulse or action potential is a temporary reversal of the
electrical potential difference that is maintained across the
membrane of the nerve fibres. It consists of a depolarization
and repolarization of the neuron. Conduction is extremely
fast and, after an action potential, there is a brief period when
the fibre is no longer excitable (refractory period). Action
potentials are transmitted between neurons across tiny gaps at
synapses. Transmission here is chemical, involving diffusion of
a specific transmitter substance.
20 Hormones work with the animal’s nervous system in the
control and coordination of the body. Hormones are produced
in endocrine glands, transported all over the body in the blood
and affect specific target organs. Blood glucose is controlled
by insulin and glucagon, secreted by cells in the pancreas.
Homeostasis is the maintenance of a constant internal
environment, despite fluctuating external conditions. Negative
feedback control mechanisms operate in homeostasis. When
a regulated condition departs from the normal or a set value
(such as abnormal blood sugar level), responses are set in
motion which restore normal conditions and switch off the
‘disturbance’ signal.
21 Other conditions of the internal environment are hormone
regulated, including body temperature (by thyroxin
from the thyroid gland), appetite (by leptin acting on the
hypothalamus) and circadian rhythms (by melatonin, secreted
by the pineal gland).
22 The development and functioning of the reproductive systems
is hormone regulated – in the male by testosterone and in the
female by estrogen and progesterone. The menstrual cycle
is controlled by negative and positive feedback mechanisms
involving hormones from the pituitary and ovaries.
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The answers for
factual recall
questions are
■■ Transport of respiratory gases
available online.
The table below records the changing partial pressures of the respiratory gases as they pass
Other questions are
between the atmosphere, the lungs, respiring tissue and in exhaled air.
designed to be tackled
alone or in groups,
In blood
Partial pressure
returning to
where the outcomes
(kPa)
In dry air Air in alveoli In muscle tissue the alveoli
In exhaled air
can be discussed with
pO
21.2
13.3
5.3
5.3
16.0
2
peers or tutors, for
pCO
0.04
5.3
6.1
6.1
3.6
example, or done as a
2
homework activity.
1 Present these values by means of a bar chart that makes clear the scale of the changes.
2 Outline the reasons why the composition of incoming air and air in the alveoli differ.
3 Calculate the difference in the partial pressure of oxygen in the air present in an alveolus
and in the blood in the surrounding capillaries. What process does this difference trigger?
4 What effect does the partial pressure of carbon dioxide in respiring tissues have on the
hemoglobin molecules there (see page 50 Option 15D for the Bohr shift).
5 Calculate the difference in the partial pressure of carbon dioxide between air as it is
inhaled and exhaled air. How is this change brought about?
6 What would be the impact of inhaled carbon monoxide gas from car exhaust gases on the
transport of oxygen to respiring tissues?

■■ Glucose metabolism and diabetes
The glucose tolerance test involves giving this sugar to patients and then sampling blood to
determine how quickly glucose is cleared from the blood. Typically, a standard dose of glucose
(75 g for adults) is given by mouth – all to be consumed within 5 minutes. Blood glucose levels
are monitored subsequently.
In an investigation to find out how quickly glucose was removed from the blood, two subjects
were treated in this way, and their blood glucose was measured at intervals of 30 minutes
for a period of 5 hours. One subject had normal glucose metabolism and one was a diabetic.
The results are given in the table.
Time after glucose
ingestion (hours)
0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Unaffected individual blood
glucose (mg/100 cm3)
75
150
160
140
110
100
90
85
80
75
75

Diabetic blood glucose
(mg/100 cm3)
150
250
300
325
375
325
300
275
250
225
200

1 Plot a graph of these results. Annotate the graph to identify the maximum glucose levels
and the lengths of time taken for the levels to return to those at the start.
2 For normal diabetes screening in many countries, a sample of blood is taken for analysis at
time 0 and again at 2 hours after the glucose was ingested, only. Comment on why these
times may have been selected.
3 Where is the excess glucose in blood plasma detected in the body, in a way that leads to
activation of the glucose level adjustment mechanism?
4 How and where in the body is the excess glucose metabolized?
5 Tabulate the ways in which an excess of blood glucose is harmful to body organs and tissues.
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■■ Complete the text
Review the following passage then make a list of the missing words.
1
cycle is the sequence of events of a heartbeat, by which
The
blood is pumped all over the body. Since the origin of each beat is within the heart itself,
2
we say that the heartbeat is
in origin. The steps to control of the
cycle are as follows:
n

the heartbeat originates in a tiny part of the muscle of the wall of the right atrium, called
3
the
or pacemaker

n

from here, a wave of excitation (impulses) spread out across both

n

in response, the muscle of these walls contract simultaneously
5
(
)

n

this stimulus does not spread to the ventricles immediately because of the presence of a
6
narrow band of
at the base of the atria.
These block the excitation wave, preventing its conduction across to the ventricles

n

instead, the stimulus is picked up by the
situated at the base of the right atrium

n

after a delay of 0.1–0.2 seconds, the excitation is passed from here to the
base of both ventricles by tiny bundles of conducting fibres, known as the
8
. These are collectively called the
9

n

on receiving this stimulation, the ventricle muscles start to contract from the base of the
10
heart upwards (
)

n

the delay that occurs before impulses are received by the muscles of the ventricles, permits
the emptying of the atria to go to completion, and prevents the atria and ventricles from
11

n

4

7

,

12
after every contraction, cardiac muscle has a period of
to
13
stimulation, called the
period. This period of enforced
14
non-contraction is known as
. In this phase, the heart
15
begins to refill with blood
. This period is a relatively
16
one in heart muscle, and enables the heart to beat
throughout life.

■■ Arteries, veins and capillaries
The figure shows the three types of blood vessel in cross-section.
■■ The three types
of blood vessel in
cross-section

B

A

0.005 mm

C

5 mm

5 mm

1 List the features of the structure of diagram C that confirm this is an artery.
2 For both artery and vein, calculate
a the approximate diameter of the lumens in μm
b the thickness of the walls in μm.
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■■ Web resources
▶ The cardiac cycle demonstrated and linked to the changing blood pressure graph:
http://library.med.utah.edu/kw/pharm/hyper_heart1.html

▶ The WHO’s ‘World Tobacco Atlas’ addresses the scale of the problem of ‘Smoking and
Health’:

www.who.int/tobacco/statistics/tobacco_atlas/en/

▶ The Association of the British Pharmaceutical Industry ‘Immunity’ tutorial with
animations (click ‘16+’, then click ‘Immunity’):

www.abpischools.org.uk.

▶ Nerve transmission – channel gating:

www.blackwellpublishing.com/matthews/channel.html

▶ Action potential:

www.blackwellpublishing.com/matthews/actionp.html

▶ Neurotransmitter release at the synapse:

www.blackwellpublishing.com/matthews/nmj.html

■■ Further reading
Articles in recent editions of ‘Biological Sciences Review’:

▶
▶
▶
▶
▶
▶
▶
▶
▶
▶
▶
▶
▶
▶

‘What is physiology?’, 25.3, pp.7–11 (Feb 2003)
‘Fetal hemoglobin’, 16.1, pp.15–17 (Sept 2003)
‘The heart’, 18.2, pp.34–37 (Nov 2005)
‘A case of diabetes’, 21.1, pp.34–37 (Sept 2008)
‘Bridging the gap: how nerve cells communicate’, 21.2, pp.2–6 (Nov 2008)
‘Diabetes mellitus and the promise of new therapies’, 21.2, pp.34–38 (Nov 2008)
‘The statin story’, 22.3, pp.7–9 (Feb 2010)
‘Hardwiring T cells to battle infection’, 22.3, pp.30–34 (Feb 2010)
‘In the beat of a heart’, 23.1, pp.15–19 (Sept 2010)
‘Bacterial resistance wars’, 25.2, pp.27–29 (Nov 2011)
‘Glucose; getting the balance right’, 25.1, pp.10–13 (Sept 2012)
‘The ups and downs of hormones’, 25.3, pp.30–35 (Feb 2013)
‘Lung disease’, 26.1, pp.7–11 (Sept 2013)
‘Lifestyle and cardiovascular disease’, 26.2, pp.27–31 (Nov 2013)
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