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 11 Animal physiology

Chapter summary – a reminder of the issues to be revised

Notes

1 Disease may result when the body is invaded by pathogens. 
Pathogens can be species specific, although others can cross the 
species divide and have a range of host organisms. A first line 
of defence against pathogens that invade may be provided by 
phagocytic white cells – these are able to engulf and destroy 
foreign matter.

2 Immunity is based on recognition of self and destruction of 
foreign material. Every organism has unique molecules on the 
surface of their cells. The immune system is provided by B and T 
lymphocytes which, when sensitized by foreign material (antigens), 
respond to overcome the invasion, including by the production of 
specific antibodies that destroy or inactivate the foreign matter. 

3 B lymphocytes are activated by T lymphocytes. Activated 
B cells multiply to form clones of plasma cells and also some 
memory cells. Plasma cells secrete the antibodies which aid 
the destruction of pathogens. Memory cells retain the ability 
to respond again, in the event of reinfection. Immunity is 
sustained by the persistence of memory cells.

4 Vaccination is the deliberate administration of antigens that 
have been rendered harmless but, nevertheless, are able to 
stimulate antibody production and the retention of appropriate 
memory cells. Vaccines contain antigens that trigger immunity 
but do not cause disease.

5 An allergy is an exaggerated response by the body to antigens. 
White cells release histamine in response to allergens. 
Histamines cause allergic symptoms, such as ‘hay fever’.

6 A monoclonal antibody is a single antibody that is stable 
and that can be used over a period of time. Hybridoma 
cells are formed by fusion of tumour cells with antibody-
producing plasma cells. These virtually immortal cells secrete 
a monoclonal antibody. They have important and developing 
applications in medicine. They are used in pregnancy testing.

7 The musculoskeletal system has roles in movement, support 
and protection of the body. The skeleton of mammals and other 
vertebrates is an endoskeleton of many bones, held together by 
ligaments. Here, many of the joints between bones are movable, 
with muscles attached across the joints in antagonistic pairs. 
In insects, the body and limbs are covered by a tough external 
skeleton – an exoskeleton. Here, joints of flexible membrane occur 
between the body segments, and in the joints of the limbs, with 
muscles attached to the inside of the skeleton. 

8 Bones and exoskeletons provide anchorage for muscles and 
act as levers. Movements of the body require muscles to work 
in antagonistic pairs. In the endoskeleton of mammals the 
synovial joints allow certain movements, but not others.

9 Skeletal muscle consists of bundles of multinucleate muscle 
fibres attached to bones by tendons. Fibres consist of 
multinucleate cells containing myofibrils, mitochondria and a 
specialized form of endoplasmic reticulum. 
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Notes

10 Muscle fibres contain many myofibrils, each made up of 
contractile sarcomeres. Myofibrils can shorten to a half to one-
third of their length when stimulated to contract by an action 
potential from a motor neuron. The sliding of thick myosin 
filaments and thin actin filaments brings about contraction, 
powered by a hydrolysis reaction between ATP and myosin. 
The cross bridges of myosin have bulbous heads that lock onto 
the actin and ‘row’ past it in a ratchet-type motion. Calcium 
ions and the proteins tropomyosin and troponin control 
muscle contractions.

11 All animals excrete nitrogenous waste products and some 
animals also balance water and solute concentrations. 
The Malpighian tubule system of insects and the kidneys 
of mammals carry out the removal of nitrogenous wastes 
and osmoregulation. Osmoregulation is the maintenance 
of a proper balance of water and dissolved substances in 
the organism. Some animals are the osmoconformers and 
maintain the osmotic concentration (osmolarity) of their 
cells and body fluid at the same concentration as that of the 
environment. Other animals control their internal osmolarity 
independently of the environment and are osmoregulators.

12 The kidneys are served by the renal artery and drained by 
the renal vein. Whilst in the kidneys, the kidney tubules 
(nephrons) change the composition of the blood. Kidney 
tubules work by pressure filtration of some of the liquid and 
soluble components of blood, followed by selective reabsorption 
of useful substances from the filtrate, active secretion of 
unwanted substances and adjustments to water and ion content 
according to their status in the body.

13 In the kidney tubule, the ultrastructure of the glomerulus 
and Bowman’s capsule facilitate ultrafiltration. The proximal 
convoluted tubule selectively reabsorbs useful substances by 
active transport. The loop of Henle maintains hypertonic 
conditions in the medulla. ADH controls reabsorption of water 
in the collecting ducts.

14 The length of the loop of Henle is positively correlated with 
the need for water conservation in animals. The type of 
nitrogenous waste in animals is correlated with evolutionary 
history and habitat.

15 Sexual reproduction involves the development and fusion of 
haploid gametes. Spermatogenesis and oogenesis both involve 
mitosis, cell growth, division by meiosis and differentiation.

16 Fertilization in animals can be internal or external. 
Fertilization involves mechanisms that prevent polyspermy.

17 In mammals, fertilization is internal and occurs in the upper 
oviduct, where early development occurs. Implantation of the 
blastocyst in the endometrium that lines the uterus is essential 
for the continuation of pregnancy. Here, development of the 
embryo’s outer protective membranes forms the placenta. This 
is composed of maternal (endometrial) and fetal membrane 
tissues. The placenta facilitates the exchange of materials 
between the mother and the fetus.
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Notes

18 The placenta is also an endocrine gland, initially producing 
an additional sex hormone, human chorionic gonadotrophin 
(HCG). The role of HCG is to maintain the corpus luteum as 
an endocrine gland, secreting progesterone for the first 16 weeks 
of pregnancy. When the corpus luteum eventually does break 
down, the placenta itself secretes estrogen and progesterone. 
Immediately before birth, the level of progesterone declines 
sharply. As a result, progesterone-driven inhibition of 
contraction of the muscle of the uterus wall is removed. Birth is 
mediated by positive feedback involving estrogen and oxytocin. 
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Data handling questions
■■ The cycle of changes to follicles

The change in the mean diameter of follicles and the subsequent corpora lutea (see 
Figure 11.45, page 488) in the ovary over a 40-day period is recorded in the table below.

Days

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Follicles/mm

1.5 1.8 2.0 2.5 3.0 3.5 4.0 4.1 4.3 8.0 11.0 6.0

Corpora lutea/mm

6.0 8.0 9.0 10.0 9.5 9.0 8.4 7.2 6.4 5.0

Next batch of follicles/mm

1.5 2.0 10.0 4.0 4.3 11.0

1 Using an Excel spreadsheet, plot a graph to show the change in mean diameter in follicles 
and corpus lutea over the 40-day cycle.

2 How do we know, from the data given, that fertilization did not occur during these 40 days?

3 When was fertilization most likely to happen, if insemination had occurred?

4 Draw a labelled diagram of the follicle at the time of fertilization.

5 What is the role of the corpora lutea?

6 a What hormones trigger the growth and development of follicles on days 0 and 20?

b Where are these hormones released from?

The answers for 
factual recall 
questions are 
available online. 
Other questions are 
designed to be tackled 
alone or in groups, 
where the outcomes 
can be discussed with 
peers or tutors, for 
example, or done as a 
homework activity.



‘Do and understand’ activities 5

Biology for the IB Diploma, Second edition © C. J. Clegg 2014 Published by Hodder Education

‘Do and understand’ activities
■■ Complete the text

Review the following passage then make a list of the missing words.

The function of the loop of Henle is to enable the kidneys to conserve 
. The loop of Henle consists of descending and ascending limbs, 

together with a parallel blood supply, the . This is part of the 
same capillary network that surrounds a nephron. The loop of Henle and its capillary loops 
create and maintain an  gradient in the medulla of the kidney. 
The gradient across the medulla is from a  concentrated salt 
solution near the cortex to the  concentrated salt solution at the 
tips of the pyramid of the medulla. The pyramid region of the medulla consists mostly of the 

 ducts. The osmotic gradient allows water to be withdrawn from 
these ducts if circumstances require it.

The gradient is brought about by a mechanism known as a  
multiplier. The principles of this mechanism involve movements between fluids flowing in 
opposite directions in two systems. In following the process, remember that the descending 
and ascending limbs lie  together in the kidney.

Look first at the ascending limb. The energy to create the gradient is transferred from 
 to drive ion pumps in the wall cells of the ascending limbs. Here, 

sodium and chloride ions are pumped out of the filtrate into the fluid between the cells of the 
medulla, called the interstitial fluid. The walls of the ascending limbs are unusual in being 

 to water. So water in the ascending limb is retained 
in the filtrate as salt is pumped out.

Opposite is the first half of the loop, the descending limb. This limb is fully 
 to water and also to most salts. Here, water passes 

out into the interstitial fluid by osmosis, due to the  concentration 
in the medulla. At the same time, sodium and chloride and other ions tend to pass in for the 
same reason.

Exchange in this counter current multiplier is a dynamic process occurring down the whole 
length of the loop. At each level of the loops, the salt concentration in the descending limb 
is slightly  than the salt concentration in the adjacent ascending 
limb. As the filtrate flows, the concentrating effect is multiplied, and so the fluid in and 
around the hairpin bend of the loops of Henle is saltiest.

The role of the vasa recta is, first, to deliver  to, and remove 
carbon dioxide from, the metabolically active cells of the loop of Henle. As it does this, the 
blood in the vasa recta also becomes  as it flows down besides the 
ascending limb and less salty as it flows back up and out of the medulla. In this way, the cells 
of the loop are serviced without removing the accumulated salts from the medulla. 

■■ Comparison of hip and knee joints
Copy and complete the table below using the information given in Figures 11.13 and 11.15, and 
text on pages 456–458.

Shoulder joint Elbow joint

type

articulating bones

articulating surface(s)

permitted movement

1
2

3
4

5

6

7

8

9

10

11
12

13

14

15
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■■ Muscle: myofibril structure and function
The figure shows the structure of a myofibril in LS.

V XU

K

A longitudinal section B transverse section

L

M

W

(not to the same scale)

Examine the illustration.

1 In the diagram, which structure (labelled with a letter) is:

a the Z line

b a sarcomere

c made of myosin

d made of actin?

2 a What event initiates contraction in skeletal muscles fibre?

b In the first step in contraction, the myofibril becomes flooded with calcium ions.  
Where are these released from?

3 In part B of the figure, three cross-sections (K, L and M) through the myofibril are shown. 
Describe where in the LS view of the myofibril each of these three sections lie. 

4 After calcium ions cause the removal of blocking molecules at the binding sites, cross-
bridges form and the power stroke brings the thin filament towards the centre of 
the sarcomere. Draw fully annotated diagrams to show thin and thick filaments, the 
movements of the cross-bridges, and the mechanism of shortening.

5 ATP is essential for muscle contraction. What mechanism supplies ATP to the heads of 
the cross-bridges during continuing muscle contraction? 

■■ The structure of 

part of a myofibril, 

observed by electron 

microscopy
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Further study
■■ Web resources

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

▶ Human locomotion – recognizing colleagues from the variety of gaits: 
www.bml.psy.ruhr-uni-bochum.de/Demos/BMLwalker.html

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

▶ ‘Hardwiring T cells to battle infection’, 22.3, pp.30–34 (Feb 2010)
▶ ‘Viagra: A rousing tale of discovery’, 24.1, pp.14–17 (Sept 2011)
▶ ‘Bacterial resistance wars’, 25.2, pp.27–29 (Nov 2011)
▶ ‘Hijacking hormones to regulate fertility: IVF and contraceptives’, 25.1, pp.23–27 (Sept 2012)
▶ ‘Kidneys: function, disease and treatment’, 26.1, pp.37–41 (Sept 2013)


