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1.	The sense of taste is normally caused by the stimulation of chemoreceptors in the taste buds of the tongue. There are four main “tastes”: sweet, salty, bitter and sour. The tongue also has receptors for temperature. It is known that the taste of food can vary according to whether it is cold, warm or hot. Scientists discovered that just warming or cooling parts of the tongue, even when no food was present, also caused a sensation of taste.
	Scientists experimented with a group of people. They gradually cooled the tips of their tongues and measured the intensity of the taste felt by each member of the group. The experiment was repeated, this time warming the tip of the tongue. The graphs show the average values for the group.
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[Source: modified from Cruz and Green, Nature (2003) 403, page 889]
 
(a)	Identify which taste was felt most strongly when the tip of the tongue was
(i)	cooled................................................................................................................
(ii)	warmed..............................................................................................................
(1)
 
(b)	Compare the effects on the taste of sweetness, of warming and cooling the tip of the tongue.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
 
(c)	It is important that such experiments use a population sample that is representative. Suggest two biological criteria the scientists would have used to select the people to be tested.
.....................................................................................................................................
.....................................................................................................................................
(1)
 
(d)	Explain whether cooling or warming the tip of the tongue has the greater effect on the sensation of taste.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
 
	The scientists discovered that there were two types of chemoreceptor in the tongue tip. They called these A and B. They tested these chemoreceptors using solutions of sucrose to find out the type of taste and the intensity felt. The results are shown in the bar chart.
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(e)	Compare the effects of sucrose on the A and B chemoreceptors by giving two similarities and two differences.
Similarities .................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
Differences .................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(4)
(Total 10 marks)

 
2.	Explain how blood glucose concentration is controlled in humans.
(Total 8 marks)

 
3.	Explain the control of blood glucose.
(Total 9 marks)

 
4.	Describe the response of the human body to low external temperatures.
(Total 4 marks)

 
5.	Describe homeostasis in relation to blood glucose concentration in humans.
(Total 6 marks)



6.	Arterioles in the skin contain muscle fibres which contract. What is the function of these fibres?
A.	To move capillaries further from the skin when the body is too cold
B.	To reduce blood flow to the skin when the body is too cold
C.	To move capillaries closer to the skin when the body is too warm
D.	To increase blood flow to the skin when the body is too warm
(Total 1 mark)

 
7.	Under what conditions is glucagon secretion increased?
A.	After fasting for a long period
B.	While resting
C.	After a meal rich in carbohydrates
D.	When the temperature falls
(Total 1 mark)

 
8.	(a)	Explain briefly the principle of negative feedback in homeostasis.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(3)
 
(b)	Draw an arrow on the diagram below to show where negative feedback occurs.
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(1)


(c)	State the system used to control the response of the skin arterioles.
....................................................................................................................................
(1)
(Total 5 marks)

 
9.	(a)	(i)	Define the term homeostasis.
..........................................................................................................................
..........................................................................................................................
(1)
 
(ii)	State which two systems are involved in the control of homeostasis.
1.	...............................................................................................................
2.	...............................................................................................................
(1)
 
(b)	Describe the roles of the kidney in homeostasis.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(2)
 
(c)	Using an example, explain the role of negative feedback in homeostasis.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(3)
(Total 7 marks)

 
10.	What are responsible for the lowering of blood glucose levels?
I.	b-cells in the pancreas
II.	Insulin molecules
III.	a-cells in the pancreas
A.	II only
B.	I and II only
C.	II and III only
D.	I, II and III
(Total 1 mark)

 
11.	Up to two additional marks are available for the construction of your answers.
(2)
	(a)	Explain the importance of surface area to volume ratio in relation to each of the following: cell size, villus function and alveolus function.
(7)
(b)	Draw and label a diagram to show the fluid mosaic model of a biological membrane.
(6)
(c)	Describe the control of body temperature in humans.
(5)
(Total 20 marks)



12.	State the name of the receptors labelled below.

I.	................................................................
II.	................................................................
III.	................................................................
IV.	................................................................
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(Total 2 marks)



13.	In warm humid weather, marathon runners are at risk of hyperthermia. Sometimes during races, their body temperatures exceed 41°C. At this level of hyperthermia, fatigue and other physiological problems are common. For example, heat stroke occurs when the body becomes dehydrated. This condition reduces blood volume making it difficult for the body to lose heat through vasodilation and sweating.
The graph below shows the relationship between the maximum temperatures recorded in individual patients suffering hyperthermia and heat stroke. All of the patients in this study subsequently recovered without any long-term health effect.
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[Source: Reprinted from M. Kosaka, “Human body temperature regulation in extremely stressful environment: epidemiology and pathophysiology of heat stroke”, Journal of Thermal Biology (October-December 2004), vol. 29, issue 7–8, pp. 495–501, © 2004 with permission from Elsevier]
 
(a)	(i)	Identify the year in which the maximum temperature achieved by a surviving patient was recorded.
.........................................................................................................................
(1)
 
(ii)	Compare the temperatures of those suffering heat stroke with those suffering exercise hyperthermia.
.........................................................................................................................
.........................................................................................................................
(1)
 
(b)	It has been claimed that publication of research on hyperthermia has lead to a reduction in the number of cases of hyperthermia in athletes. Evaluate this claim using the data provided in the graph opposite.
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(2)
 
(c)	Suggest how athletes can avoid hyperthermia.
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(2)
(Total 6 marks)

 
14.	How do endocrine glands function when they are involved in homeostasis?
A.	They release hormones directly into the blood system.
B.	They release hormones through ducts to where they are used.
C.	They release digestive enzymes from the pancreas.
D.	They cause positive feedback in the body’s structures.
(Total 1 mark)



15.	(a)	The diagram below shows a transverse section through the spinal cord. Draw and label the components of a reflex arc on the diagram.
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(2)
 
(b)	State one function of the hypothalamus.
.....................................................................................................................................
(1)
 
(c)	Outline what is meant by a mechanoreceptor using a named example.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
(Total 5 marks)



16.	Which play a role in controlling body temperature?
	I.	Blood
II.	Skin arterioles
III.	Body hair
A.	I and II only
B.	I and III only
C.	II and III only
D.	I, II and III
(Total 1 mark)

 
17.	What substance is released into the blood by the pancreas when blood glucose levels are low?
A.	Glucose
B.	Glucagon
C.	Glycogen
D.	Insulin
(Total 1 mark)

 
18.	(a)	Define homeostasis.
.....................................................................................................................................
.....................................................................................................................................
(1)
 
(b)	Blood glucose levels are controlled by several hormones.
(i)	State the name of one of these hormones and the specific site of its production.
hormone: ...........................................................................................................
site: ...................................................................................................................
(2)


(ii)	Outline how the hormone chosen in (b) (i) controls blood glucose.
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
...........................................................................................................................
(2)
 
(c)	Explain the roles of estrogen in regulating change at puberty in young women.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(3)
(Total 8 marks)

 
19.	(a)	(Both answers are required for [1])
cooled: sour;
warmed: sweet;	1
 
(b)	warming causes a greater sensation of sweetness than cooling;
on warming the sensation of sweetness increases (but) on cooling
the sensation decreases;
on cooling sweetness becomes undetectable (but) on warming it
becomes more detectable;
sensation of sweetness on warming is always "weak" but cooling
it is always "just detectable";
neither cooling nor warming causes moderate taste intensity;	2 max
(Accept other suitable paired answers based on the data in the graph.)
 
(c)	(Two correct answers are required for [1])
age / gender / ethnic origin / health / sensitivity to taste / 
smoker (or non-smoker) / genetic (taster / non-taster) / 
drugs (use) / pregnancy;	1
(not size / weight)
 
(d)	cooling;
because two tastes (sour and salty) detectable (weakly)
compared with only one (sweet) when warmed;
responses to cooling show the greatest changes;	2
 
(e)	similarities [2 max]
both (A and B) result in sweetness being detected;
both (A and B) result in sourness being detected;
both give a greater sensation of sweetness than sourness;
	differences [2 max]
A (chemoreceptors) give a greater sensation of sweetness than B;
B (chemoreceptors) give a greater sensation of sourness than A;
the difference between sweet and sour taste intensity for
A is greater than the difference between sweet and sour for B;	4 max
[10]

 
20.	pancreatic cells monitor blood glucose;
insulin / glucagon is a hormone;
low glucose level induces production of glucagon;
a-cells of pancreatic islet produce glucagon;
glucagon stimulates the liver to break glycogen into glucose;
glucagon leads to increase in blood glucose;
absorption of glucose from digestive tract causes glucose levels to rise (after meals);
high level of blood glucose induces production of insulin;
b-cells of pancreatic islet produce insulin;
insulin stimulates uptake of glucose into cells (muscles);
insulin stimulates uptake of glucose into liver / storage of glucose as glycogen in liver;
insulin leads to decrease in blood glucose;
homeostatic monitoring of blood glucose levels is constantly happening;
skipping meals can cause blood glucose levels to drop;
in diabetes mellitus blood insulin low / target cells insensitive;
blood glucose regulation is an example of negative feedback;
adrenaline leads to increased blood glucose levels;	8 max
	(Plus up to [2] for quality)
[8]



21.	To receive full marks responses must explain about insulin and glucagon.
homeostasis maintains the internal blood glucose levels between narrow limits
(70–110 mg glucose 100 cm–3);
blood glucose level is maintained by negative feedback;
islets in pancreas monitor blood glucose levels;
after meal blood glucose increases;
high blood glucose stimulates release of insulin;
(release of insulin) by pancreatic islets / by β-cells;
causes muscles / adipose tissue and liver to store glucose;
glucose stored in the form of glycogen (in muscle / liver);
storage lowers blood glucose levels;
if blood glucose levels drops glucagon secreted;
secrete glucagon by pancreatic islets / by α-cells;
this causes liver to break down glycogen (to glucose);
glycogen breakdown causes blood glucose level increase;	9 max
(Plus up to [2] for quality)
[9]

 
22.	thermoreceptors / sensory input
hypothalamus acts as a thermostat;
metabolic rate increases;
shivering / goose bumps / hairs raising / sweat glands inactive;
vasoconstriction of skin arterioles;
blood flow from extremities is reduced / blood flow to internal organs is increased;
increased activity;
heat is transferred in blood;
[4]

 
23.	homeostasis is maintaining internal environment at
constant levels / within narrow limits;
homeostasis involves both nervous and endocrine systems;
low blood glucose triggers glucagon release;
glucagon is produced by α-islet cells in pancreas;
glycogen is converted to glucose;
high blood glucose concentration triggers insulin release;
insulin produced by β-islet cells in pancreas;
glucose taken up by (liver / muscle) cells;
glucose converted to glycogen;
blood glucose levels controlled by negative feedback;
correct reference to lowering or raising blood glucose levels;
[6]

 
24.	B
[1]

 
25.	A
[1]

 
26.	(a)	Award [2 max] for reason.
change in environment is sensed / detected;
response to bring the system back to normal state / set point / within limits;
when the normal state reached, the response is stopped;
this prevents over reaction;
internal environment fluctuates around norm / small fluctuations;	3 max
Examples are acceptable only if they support marking points given above.
 
(b)	Award [1] for an arrow from “increased body temperature” pointing
to “temperature receptors”.	1
 
(c)	(autonomic) nervous system / endocrine	1
[5]

 
27.	(a)	(i)	homeostasis maintains the internal environment at a constant
level / between narrow limits	1
(ii)	nervous system and endocrine system	1
Both are required for [1].
 
(b)	helps to maintain water balance (of the organism);
by retaining or excreting water;
helps to maintain blood pH;
excretion of urea / salts / gets rid of wastes;	2 max
 
(c)	a rise in level would feedback to decrease production;
as levels drop to low this would feedback to increase production;
eg blood glucose concentration / body temperature;	3
Award [2 max] if example given is inappropriate.
[7]

 
28.	B
[1]



29.	(a)	rate of production of waste products / heat / rate of demand for raw materials / 
metabolism is a function of volume;
ability to exchange waste products / raw materials is a function of surface area;
	with growth in size, surface area increases by the square whereas volume
increases by the cube / volume increases at a greater rate than surface area;
with growth, surface area to volume ratio diminishes;
(growth of) cell size is a trigger for cell division;
	cell membrane / villus / alveolus transport function depends (in part) on
diffusion;
	exchange of waste / raw materials depends on sufficient surface area to volume
ratio;
	many small alveoli form a large surface area to volume ratio for more effective
gas exchange;
	in villus, microvilli on cell surfaces increase surface area to volume ratio for
more effective absorption of food;
	villi are flattened projections that increase the surface area and so maximize
surface area to volume ratio;	7 max
 
(b)	Award [1] for each of the following clearly drawn and correctly labelled.
phospholipid bilayer - with head and tails;
	hydrophilic / phosphate / polar heads and hydrophobic / hydrocarbon / fatty
acid / non-polar tails labelled;
integral protein - embedded in the phospholipids bilayer;
peripheral protein - on the surface;
glycoprotein with carbohydrate attached on outside;
cholesterol - shown embedded in bilayer;
thickness indicated (10 ( ± 3) nm);	6 max
 
(c)	temperature regulated by negative feedback;
thermoreceptors detect temperature change;
thermoregulatory centre (hypothalamus) in brain;
warming the body actions: [3 max]
shivering to produce waste heat;
no release of sweat;
	behaviours including increased motion / huddling / reduction of exposed
surfaces;
vasoconstriction of skin arterioles;
leading to retention of heat;
cooling the body actions: [3 max]
vasodilation of skin arterioles;
leading to loss of heat by radiation;
sweating accompanied by evaporative cooling;
reduction of activity / relaxation of muscles;
loss of heat by radiation;	5 max


(Plus up to [2] for quality)
[20]

 
30.	Award [2] for four correct answers [1] for two or three correct answers and [0] for
one correct answer.
I.	photoreceptor;
II.	chemoreceptor;
III.	mechanoreceptor / thermoreceptor;
IV.	thermoreceptor / chemoreceptor / mechanoreceptor;
[2]

 
31.	(a)	(i)	1982	1
(ii)	heat stroke temperatures were generally higher than exercise
hyperthermia	1
 
(b)	there is no change / a slight increase in the maximum body temperature
recorded for exercise hyperthermia;
the data is limited so difficult to draw a conclusion;
accept numerical data (e.g 1993 is highest recorded body temperature);	2 max
 
(c)	reducing exposure to high temperature conditions;
drinking sufficient water / fluids while exercising;
reduce body hair;
minimize clothing;
spray with water;
acclimatisation training;	2 max
[6]

 
32.	A
[1]

 
33.	(a)	receptor and sensory neuron dorsally with cell body in dorsal root ganglion;
association / relay neuron within the grey matter;
motor neuron and effector drawn ventrally with cell body in grey matter;	2 max
Structures must be drawn and labelled correctly.
 
(b)	temperature regulation / control hunger / osmoregulation / sleep / release
hormones from the pituitary gland	1


(c)	respond to a stimulus that causes movement, eg pressure, vibration, gravity;
	Pacinian corpuscle to pressure / pain receptor / free nerve ending / nociceptors
in skin / touch in skin / hair cells in inner ear;	2
[5]

 
34.	D
[1]

 
35.	B
[1]

 
36.	(a)	maintains the internal environment at constant levels / between narrow limits;
maintains as steady state / balance in the internal environment (of organisms);
NB: examples are not a definition	1 max
 
(b)	(i)	insulin;
produced in beta cells of pancreas;
	or
	glucagon;
produced in alpha cells of pancreas;	2 max
 
(ii)	high blood glucose levels stimulates the production of insulin;
(insulin) is transported in blood;
insulin increases uptake of glucose by cells / storage of glucose;
converts glucose to glycogen;
lowers blood glucose levels;
	or
	low blood glucose levels stimulates the production of glucagon;
glucagon increases breakdown of glycogen / release of glucose
from liver;
raises blood glucose levels;
(glucagon is) transported in blood;	2 max
 
(c)	at puberty estrogen production is increased;
(increased estrogen) stimulates female secondary sex characteristics;
example of secondary sex characteristics eg: initiates menstrual
cycle / growth of vagina and uterus / growth of breasts / growth
of pubic and armpit hair / fat deposit;
another example from same list;	3 max
[8]



