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1. The diagram below shows a single nephron, with its blood supply, from a kidney.

o

0

C

(@) () Name A, B and C shown on the diagram above.

(3]
£
B . e e e
C e e
(i) Use two arrows, clearly labelled, on the nephron above, to show where the following processes take place:

[2]
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| ultrafiltration;
Il selective reabsorption.

(b) Name the blood vessels supplying the kidney which would connect at points X and Y shown on the diagram

opposite.

(1]
X e e e e e e e
X e
(c) Explain the function of the Loop of Henle in osmoregulation.

[4]

(d) Describe how hormonal control affects the final concentration and volume of urine produced when someone is

dehydrated.

[4]
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2. (a) Explain what is meant by the term homeostasis.

[2]

(b) Complete the diagram below showing the process of osmoregulation in the human body.

[6]
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3.

The diagram shows part of a kidney tubule or nephron.

X
filtrate
(a) (1) Name the network of capillaries labelled X. [1]
(1)  Apart from water and glucose, name two substances which will be present in the
filtrate. [1]
(1)) Name the process that separates these molecules from the blood plasma. [1]
(tv)  The filtration rate is the total volume of filtrate formed per minute.

Explain the effect of a large loss of blood from the body on the filtration rate. [2]

(b)  Much of the water in the kidney filtrate is reabsorbed from the collecting duct.

(M)

Name the part of the nephron which provides the osmotic gradient for
reabsorption. [1]

Suggest one way in which this part of the nephron might be modified in desert
animals. [1]
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(c) The environment in which an animal lives plays a part in the type of nitrogenous waste

produced.
(1) For the animals listed in the table below name the excretory products and place
the products in the appropriate boxes. [3]
Animal Main excretory product Toxicity Solubility
Freshwater fish high high
Bird low low
Mammal medium medium

(1))  Which excretory product requires the least volume of water for its excretion? [1]

(i) Explain one further advantage of the excretory product you have named in

(c) (ii) [1]

(Total 12 marks)

[6]

4. Roughly 60% of the mass of the body is water and despite wide variation in the quantity of water taken in each day,

body water content remains incredibly stable.

One hormone responsible for this homeostatic control is antidiuretic hormone (ADH).

(a) Describe the mechanisms that are triggered in the mammalian body when water intake is reduced.
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(b) The graph below shows how the plasma concentration of antidiuretic hormone changes as plasma solute

concentration rises.

10

Plasma concentration
of antidiuretic hormone (a.u.)
(o]

0
270 280 290 300 310

Plasma solute concentration (a.u.)

(i) Describe the relationship shown in the graph opposite.

[2]

(i) Suggest why a person only begins to feel thirsty at a plasma solute concentration of 293 AU.

[2]

Secretion of antidiuretic hormone is stimulated by decreases in blood pressure and volume.
These are conditions sensed by stretch receptors in the heart and large arteries. Severe diarrhoea is one condition

which stimulates ADH secretion.
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(c) Suggest another condition which might stimulate ADH secretion.

[1]

The two sections below were taken from different regions of a kidney.

~

(a) Identify the regions from which these two sections were taken, giving a reason for each
answer. (2]

Region of kidney Reason
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(b} Explain how the nephron and its blood supply is adapted for ultrafiltration.

............................................................................................................................................................................................................

(¢} Patients with severe kidney disease may be told to follow a protein controlled diet with low
sodium chloride (salt) intake. Using your knowledge of the role of the kidney, suggest why
[3]

this diet is recommended.

FProtein controllied diet

..............................................................................................................................................................................................

..............................................................................................................................................................................................
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(d) The following diagram shows the feedback mechanisms involved in controlling blood
solute concentration.

Osmoreceptors in
hypothalamus trigger

Thirst release of ADH
Hypothalamus

Drinking reduces @
blood solgte ADH
to set point \
Cc

Distal j
tubule
—
'-ﬁ
r—"‘
~—— A
-l STIMULUS:
- Increase in blood | B
solute
/ concentration
HOMEOSTASIS:
. Blood solute
concentration
() Name structures A and C on the diagram above. [2]
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(i  Give two examples of what might cause a rise in blood solute concentration as
shown in box B. [1]

(iiy From your knowledge of the kidney, what would be the result of higher levels of
ADH at A? [1]

14
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The diagram represents selective reabsorption by the cells of the proximal convoluted tubule in
the kidney.

Glomerular filtrate

Glucose Na
‘ >

r:

phospholipid
membrane

A
Amino acid Cl H,0

> cytoplasm

Cell of ATP |ADP +Pi ATP\ / ADP +Pi
proximal v
convoluted U N phospholipid
tubule ' ’ i membrane
\ vy v ¥
Glucose Amino Cl H,0O
acid

Blood

{a) Sodium ions are essential for the uptake of glucose and amino acids by a mechanism
called co-transport. Both glucose and amino acids attach to sedium ions fo move through
a membrane protein. Using the information shown in the diagram, explain how the
following molecules and ions are selectively reabsorbed.

(iy Chloride ions. [2]
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(i) Water. [3]

(i  Sodium ions.

(iv) Glucose and amino acids.

(b} People suffering from diseases such as cholera suffer from chronic diarrhoea which can
lead to dehydration. To help prevent dehydration, water containing sodium chloride and
glucose is given to the patient. Suggest why the sodium chloride and glucose improve

water reabsorption by the kidneys. [3]

14



https://stemup.co.uk

7. (a) Name the functional unit of the mammalian kidney shown in the diagram. [1]

(b)

(i1)

(iif)

v 2
\
\
F—»
’
- (
N
D—»
Name the parts labelled A-F. [3]
A e
B
e
DY e
o e
B e
State the function of part D. [1]

How is part D adapted in the kidneys of desert mammals such as the kangaroo
rat? [1]
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(c) Parts E and F have restricted permeability which is subject to hormonal control.
(i)  Which hormone controls the permeability of parts E and F? [1]

(i))  Which part of the mammal’s body releases this hormone into the blood? 1]

(i)  Useyouranswer to parts(i)and(ii) toidentify, on the diagramof the Osmoregulatory
Feedback Loop below [1]

(I) € A@EECLOT; .o

(II) e @Ff@CTOT. w..oooooeo e

(iv) Complete the diagram below, of an Osmoregulatory Feedback Loop, to explain
the mechanism for adjusting urine during osmoregulation. [3]

Concentration of body fluid

:

/ detector (I) \
increased t decreased
> co-ordinator <
more hormone released L less hormone released

/ effector (I1) \
............................................................... How hormone changes the effector ...
............................................................... How concentration of urine changes ...,
..................................................................... How volume of urine changes ...,

N\ /

Concentration of body fluid returns to normal

(d) (1) Theenvironment in which an animal lives plays a part in excretion of nitrogenous
waste. Mammals release it as urea. In what form is it released in the following?[2]
(I) Freshwater fish

(I) Insects

(i) Suggest one advantage to insects of excreting nitrogenous waste in this form. [1]

(Total 15 marks)
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8. Astudent gave a sample of urine and then drank 1000 cm? of distilled water rapidly. Urine was then collected at
regular intervals and measurements made of the volume of each sample and its salt concentration. The results are

shown on the following graphs.

100
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(6]

0 0 30 60 90 120 150 0 30 60 90 120 150

Time after drinking (min) Time after drinking (min)

(a) (i) Using your knowledge of osmoregulation, explain the change in the volume of urine between 0 - 60 minutes. [4]

(ii) Explain the change of concentration of salt in the urine between 0 and 60 minutes.

(1]

(i) State two variables which would need to be considered when comparing results from a number of people who

had drunk similar volumes of water.

[2]
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(b) The diagram below represents part of a kidney nephron showing a glomerulus and Bowman's capsule.

—» Blood flow
Bowman’s capsule
(Glomerular capsule)
/7
Blood flow %
O

5 m—_) Q Q

Glomerulus

Proximal convoluted
tubule

——— Capsular hydrostatic pressure 2.7 kPa

I Blood colloid osmotic pressure 4kPa
) Glomerular (blood) hydrostatic pressure 10kPa
(i) Explain how the high hydrostatic pressure (10 kPa) is achieved in the glomerulus

[1]

(i) Suggest which type of organic molecule in the blood is responsible for maintaining the blood osmotic pressure at 4

kPa.

[1]

(i) The net movement of water is from A to B. Explain the process by which some water molecules will move from B

to A.

2]
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(iv) The net filtration pressure is the overall pressure responsible for ultrafiltration. From the data shown on the

diagram calculate this value. Show your working include units with your answer.

[2]

ANSWET . .ot

(c) There is a feedback system in the kidneys which maintains the hydrostatic pressure in the glomerulus at a
constant level despite changes in the arterial blood pressure. The regulatory mechanism involves the contraction of

the circular muscles in the afferent arteriole.

(i) Explain how this prevents changes in the hydrostatic pressure in the glomerulus.

2]

(i) Suggest what would happen in the body if the arterial blood pressure increased and the feedback system in the

kidney described did not function.

[1]
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The following photomicrograph shows part of a kidney.

X
Y
Z
(a) (i) T'rom which part of the kidney is the photomicrograph above taken? 1]
(i)) Name the structures X -Z shown in the photomicrograph above. [3]
D G
D
Y/
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(111  The following is a diagram of a cell from structure X opposite.
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10.
The diagram shows part of a kidney tubule or nephron.

d X
Filtrate
(a) (1) Name the network of capillaries labelled X. [1]

(i) Apart from water and glucose, name two substances which will be present in the
filtrate. [1]

(iv)  The filtration rate is the total volume of filtrate formed per minute.
Explain the effect of a large loss of blood from the body on the filtration rate. [2]

(b) (1) Selective reabsorption occurs in the proximal convoluted tubule. Describe two
ways in which the cells of the proximal convoluted tubule are adapted for
reabsorption. (2]
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(1)  Much of the water in the kidney filtrate is reabsorbed from the collecting duct.
Name the part of the nephron which provides the osmotic gradient for
reabsorption. [1]
(c) (1) With reference to the diagram below, explain the principle of dialysis as used in
kidney machines. (4]
tube of dialysis fluid
tubes of
dialysing
membrane
waste substances S
diffuse out /.
A A J
9] ~ -a—— patient’s blood
\ AN A ’,'
dialysis & Atient’s Blood
fluid U ——a— P
/ T 1 X v
A 4 .
@) ~ —a— patient’s blood )
N A N /
(i)  Suggest what would happen if the glucose concentration of the dialysis fluid were
to be a lower concentration than in the patient’s blood. [1]
(111)  State one advantage of providing patients with transplanted kidneys compared
with providing them with kidney dialysis machines. (1]
(iv)  State two problems associated with kidney transplants. (2]
L e
e e R 11588558588

(Total 16 marks)
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11.

The glomerulus and Bowman'’s capsule of the kidney nephron are the site of ultrafiltration.

Image 1 shows the main structures of this part of the nephron. Image 2 shows an electron
micrograph of part of the same structures.

Image 1

Afferent arteriole Efferent arteriole

Bowman's capsule

Image 2
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(a)

(b)

0

(it)

On Image 1, label with a P the part of the nephron where the structures shown in
Image 2 would be found. 1]

Using the scale bar on Image 2 only, calculate the magnification of this electron
micrograph. [2]

magnification=x ... .. ...

The effective pressure which forms the glomerular filtrate is due to several different
pressures.

They are:

the hydrostatic pressure in the glomerulus capillaries

the osmotic pressure due to plasma proteins

the intra-renal pressure (the pressure of the fluid already present in the Bowman's
capsule and the tubules)

The pressures can be connected using the following formula:

NCSINC hydrostatic osmotic )
forming = pressurein — pressureof - '"rga'rer’:ea'
%memh’ glomerulus plasma pressu

B

In a healthy adult the osmotic pressure of the plasma is 4kPa, the intra-renal pressure is
2.6kPa and the hydrostatic pressure in the glomerulus is 8kPa.

0

(ir)

Calculate the pressure forming the glomerular filtrate. 1]

Use the information provided to suggest how a low protein diet could affect the rate
at which glomerular filtrate is formed. [3]

STEMUP.CO.UK


https://stemup.co.uk

(i) The pressure forming the glomerular filtrate can be regulated. The muscles in the
walls of the afferent and efferent arterioles are under hormonal and nervous control.

Describe how changes in the afferent and efferent arterioles could increase the
pressure forming the filtrate. 2]

(c) In diseases such as diabetes mellitus and glomerulonephritis the membranes in the
glomerulus and Bowman'’s capsule are damaged and they become more permeable to
proteins.

Suggest two reasons why the proteins are not usually reabsorbed back into the
bloodstream. 2]

(d) The urea concentration increases as the filtrate moves along the proximal convoluted
tubule. However the mass of urea remains constant.

(i) Explain why the urea concentration increases. [1]

STEMUP.CO.UK
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(ii) If the concentration of urea along the proximal convoluted tubule is plotted on a
graph, the line of best fit would follow the equation shown below:

y=mx +c¢

The concentration of urea in the filtrate at the start of the proximal convoluted tubule
is 20 arbitrary units (a.u.) and the value of m (the gradient) is 0.2 a.u./%.

Use the values provided to calculate the concentration of urea at the end of the
tubule and draw a line on the axes below for the concentration of urea along
the length of the proximal tubule. The concentration at the start of the proximal

convoluted tubule has been plotted for you. [2]
A
50
40
3
)
% 30
§
3 20%
>
10
0 -
0 20 40 60 80 100
Distance along proximal convoluted tubule
(% of total distance)

Start of End of tubule
proximal

convoluted

tubule
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(e) The electron micrograph below shows a section through the wall of the proximal
convoluted tubule.

(i) Explain why there are many of the organelles labelled X in the cells shown. [2]

STEMUP.CO.UK
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(i) Explain the presence of structures Z on the cell surface. 1]

(f) Lungfish survive the drying out of their habitats by burrowing into the mud and decreasing
their metabolic rate. Explain why, when in water, they release the products of deamination
as ammonia but when they are in the dried-out mud, they convert the products to urea.

[4]
12. (@) Kidneys can become damaged by injury or disease.
(i) Give four possible effects of kidney failure.
[4]
(i) Suggest why heart disease or the loss of a large volume of blood can lead to kidney failure.
[2]
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Patients with kidney failure can be treated using dialysis.

During dialysis blood can be taken from an artery, large vein or a fistula which is created by surgically connecting an

artery directly to a vein. The picture below shows the appearance of such a fistula.

__— Fistula

KRN
-

e

B

(b) Explain the appearance of the vein shown in the photograph above which forms the fistula.

2]

(c) The blood from the patient is passed through a haemodialysis tube. The tube is made from thousands of very
small hollow fibres each made from a partially permeable membrane with pores of various sizes. The partially

permeable membrane blocks the passage of cells, platelets and large proteins but will allow solute molecules

STEMUP.CO.UK
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through. The dialysisfluid lacks substances such as urea, contains the same concentration of ions such as potassium

and calcium and has the same water potential as blood from a person who has functional kidneys.

The following show a picture of a haemodialysis tube and a diagram representing how it is used.

w Dialyzer

1 Arterial blood
- from the patient The dialyzer
enters thepat] 2 removelsyz waste Dialysis fluid containing filtrate of plasma
dialyzer. products
from blood by
Blood from b
\Anery patient (inside TRlrason.
| collection tube)  gyrong e

of dialysis
tubing Dialysis fluid
Vein Movement Movement of dialysis fluid
of blood
Dialysis fluid input

- Purified blood
3 is returned to
aveinin the
patient.
Fresh
dialysis fluid

(i) State why the dialysis fluid has to be constantly replaced.

(ii) Explain why the dialysis fluid moves in the opposite direction to the flow of blood.
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[1]

(iii) Explain why during some dialysis treatments calcium ions diffuse from the patient's blood into the dialysis fluid but

during others they diffuse from the dialysis fluid into the patient's blood.

(1]
(d) Transplanted kidneys are more efficient than dialysis but there are some issues concerning the technique.
Suggest two reasons against the use of kidney transplants.

2]
(e) The kidney also acts as an endocrine organ. What is meant by the term endocrine organ?

(1]

13. (@) Name the vessel that brings blood to the kidney.

(1]
(b) Describe two structural features of glomeruli that allow ultrafiltration to occur.

2]
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Ultrafiltration in the glomerulus results in the production of glomerular filtrate. The pie charts below show the

percentage composition of solutes in human glomerular filtrate and in urine.

Glomerular filtrate Urine

NaCl
glucose

urea

N O m0

others

(c) Using your knowledge of processes occurring in the nephron, explain the difference in glucose concentration

between glomerular filtrate and urine shown in the pie charts.

2]

(d) (i) The urea concentration of urine is much higher than that of glomerular filtrate.

Describe the role of the nephron and collecting duct in achieving this increase in concentration.

5]
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(i) Suggest an advantage to mammals of excreting urine with a high concentration of urea.

[2]

(e) The concentration of sodium ions in the urine of a person varies. The concentration is affected by the level of a

hormone. Name this hormone and explain how it affects the concentration of ions in urine.

[2]

STEMUP.CO.UK
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14. The diagram below shows a kidney nephron and part of its blood supply.

0

(@) (i) Name the structures labelled A-F in the diagram opposite. [3]

STEMUP.CO.UK
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(i) Draw a line labelled X on the diagram opposite, to show the part of the nephron where most of the water is

reabsorbed.

(1]

(iii) Draw a line labelled Y on the diagram opposite, to show the part of the nephron where glucose is reabsorbed.

(1]

(iv) Explain the significance of the differences in diameter between structure B and structure D.

2]

(b) The composition of filtrate for a particular substance in a nephron can be expressed as its renal : plasma ratio.

This compares the concentration of a substance in the filtrate with that in the blood plasma.

This can be calculated by using the following formula.

renal : plasma ratio = concentration of substance in filtrate
concentration of substance in plasma

Samples of filtrate were taken from different parts of a nephron and the concentrations of glucose and urea were

measured. Their renal : plasma ratios were then calculated.

The kidney was treated with a chemical Z and the process was repeated.

The results of this investigation are shown in the graph below.

STEMUP.CO.UK
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2.0-
urea

glucose in kidney
.~~~ treated with
chemical Z

renal : plasma
ratio

-

1.0 «
glucose in
untreated healthy
"~ kidney
0 . el
Bowman’s proximal convoluted
capsule tubule

(i) Explain why urea and glucose have a renal : plasma ratio of 1.0 in the Bowman's capsule.

(3]

(i) Use figures from the graph opposite to explain why the renal : plasma ratio of urea increases in the proximal

convoluted tubule.

[4]

(i) Use figures from the graph opposite to describe and explain the renal : plasma ratio for glucose in both the

untreated healthy kidney and the kidney treated with chemical Z.
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[3]

(iv) Suggest how chemical Z could have caused the effect described in part (iii) above.

(1]

STEMUP.CO.UK
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15. {a} VWhat is meant by the term excretion? [1]

{6} The table below shows mean fluid intake and urine produced in astronauts studied before
and during space flights.

percentage of mean
sampling period mean water intake mean urine water intake that
piing p cm®) produced (cm®) passes into the
urine (%)
day before flight 3800 2700 71.0
during flight 2500 trGG
(i) Calculate the percentage of mean water intake that passes into the urine during a

(ii

flight. Wirite your answer in the table above. Use the space below for your working
out. [1]

During space flights, the kidneys remove unusually high levels of salts from the

blood.

I.  What happens to salts removed from the blood by the kidneys? [1]

@iy Suggest why astronauts are given drinks containing high levels of salts when they
return to Earth. [1]
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16.

Explain how anti-diuretic hormone (ADH) helps the kidneys regulate the water content of the
blood. 6 QW(C]

6
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17.

MDMA (Ecstasy) is an illegal recreational drug which has side-effects including:

increased body temperature and sweat production
increased ADH secretion

increased thirst

decreased urine output

Furosemide is a prescription drug used to reduce hypertension (high blood pressure) by
lowering blood volume. It acts as an inhibitor of sodium ion transport proteins in the ascending

limb of the loop of Henle and increases urine output.

Hyponatraemia (low plasma concentration of Na*) is a condition where the concentration of
sodium ions in the plasma falls below normal levels. This can disrupt the transmission of action
potentials and lead to muscle weakness, seizures and even coma.

Using your knowledge of urine production, explain how ecstasy reduces urine output and

furosemide increases urine output and how misuse of both drugs can result in hyponatraemia.
[9 QER]

STEMUP.CO.UK
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Question

(ii)

Marking details

A Collecting duct;
B Proximal Convoluted Tubule;
C Distal Convoluted Tubule;

Label to Glomerulus capillary/centre of Bowman's capsule;
Label to PCT;

Both for one mark

X Renal artery

Y Renal vein;

Water leaves descending limb {osmotically/by osmosisl/ Na*is
retained in descending limb;

At apex Na* is very concentrated/ the ascending limb receives
a filtrate rich in NatOWTTE:

Na* {actively transported/pumped out} of the ascending limb;
Lowering the water potential in the medulla;

Ascending limb {does not allow the escape of water/
impermeable to water};

Counter current system = neutral

{High osmotic pressure /low water potential/ low solute
potential/ high solute concentration} of blood detected by
{osmoreceptorsihypothalamus};

(Secretion of) ADH by pituitary;

Reject: anterior pituitary

Causes collecting duct (walls) to {become more permeable to
water/insertion of aguaporins};

Water moves into the medulla by osmosis;

(Quickly) removed by the [Vasa Recta/capillaries/ blood};

Low volumes of concentrated urine produced;

Question 1 Total

Marks
Available

3

Max 4

Max 4

[14]
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. ) . Marks
Question Marking details Availible
2 =] maintznance/mnntrol of internal environment: 2 max
at set point/constant/stable;
despie external changes;
ib) hypothalamus; 6
Posterior;
Pituitary;
ADH;
Collecting duct wallsf cistal convoluted tubules;
Increases! rises! high;
Question 2 Total [8]
(@ glomerulus [1]
(i) urea, amino acids, fatty acids / glycerol / small proteins /
inorganing ions / salt (name two for 1 mark) [1]
(i) ultrafiltration [1]
(iv) blood pressure decreased:; less filtrate formed [2]
(b) (D) loop of Henle [1]
(i) increased length / longer [1]
[not: larger]
(c) @) fish — ammonia
bird — uric acid
mammal — urea [3]
(ii) uri¢ acid [1]
(iir) little mass for storage in eggs / light for flight [not: less toxic] [1]

STEMUP.CO.UK

[Total 12 marks]
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Question

(a)

(6)

(c)

(i)

(if)

Marking details

e Low water levels in blood/high osmotic potential/low ¥;

e Detected by osmoreceptors;

¢ In hypothalamus;

¢ (More) ADH secreted from (posterior lobe of) pituitary;

¢ {Into/travels in} blood to;

e {collecting duct/distal convoluted tubule}{ becomes more
permeable/more aquaporins/ more water channels in
membranes};

e Water absorbed;

o Because of low W in medulla;

As plasma solute concentration increases to 282 there is no increase
in ADH/ the concentration of ADH remains constant;

After 282 there is {a proportional/ rapid}increase in ADH; (increase
must be qualified)

(Up to 293 au) ADH can achieve sufficient water reabsorption/
OWTTE;
After this point {water needs to be taken in/ by drinking} to avoid

dehydration;

Blood loss/vomiting; NOT dehydration/ anaemia

Question 4 Total

Marks
Available

max 6

[11]

Question Marking details

Marks
Available

(@

(b)

A Cortex Presence of Bowman’s capsule /
Glomerulus / renal capsule;

(Sections of) collecting ducts /

B Medulla (Only sections of) loops of Henle /
collecting ducts;

1 mark for each correct row

Any 5 from: 5

1 Mention of alomerulus + Bowman’s cansule:

STEMUP.CO.UK
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S g m e e oo — e

Glomerulus has a high hydrostatic / blood pressure;
Because afferent arteriole / blood vessel is wider
diameter than efferent;

4. Glomerulus capillaries have many small holes /
fenestrations / are leaky;

5. Some correct reference to basement membrane
acting as a dialysing membrane eq;

6. Allowing {small molecules / plasma minus the large
proteins} to squeeze through;

7. Correct reference to function of podocytes / filtration

slits;
(c) Any 3 from: 3
Protein controlled diet
High protein means (more) urea which cannot be removed,;
Accept High protein intake makes the blood more acidic
(uric acid);
Low sodium chloride
Excess Salt does not need to be removed;
High salt causes high blood pressure / Fluid retention /
oedema;
(d | (i) | A Collecting duct; 2
C (posterior lobe) Pituitary gland; NOT anterior
(i) | Any 2 for 1 mark 1
High solute intake or e.g. / Sweating / Low water intake /
Vomiting / Diarrhoea; dehydration = neutral
(i) | Increased permeability of the collecting duct to water / 1

more aquaporins / water channels so more water flows into

the medulla (by osmosis);

Question 5 Total

[14]
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Marks

Question Marking details Available
(a) () | Any 2 from: 2

facilitated diffusion / through proteins;
down concentration gradient / high conc. to low concentration;
passive / no energy required,;

(i) | Any 3 from: 2
Osmosis;
High water potential to low water potential;
partially permeable membrane;
No energy required / no ATP

(i) | Facilitated diffusion into cell from glomerular filtrate; 3
Sodium potassium pump;
Active transport / ATP used,;

(iv) | facilitated diffusion / through proteins; 3
glucose and amino acids diffuse with sodium ions;
glucose and amino acids diffuse + glucose actively transported
from PCT cells into blood:;

(b) Any 3 from: 3

More sodium and glucose absorbed from gut into blood;
more glucose and sodium ions in glomerular filtrate;
more sodium ions diffuse into PCT cell because of higher conc.
gradient,
more glucose co-transported,;
lowers water potential, more water reabsorbed by osmosis;
reference Loop of Henle / collecting ducts qual:
Question 6 Total [14]
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7.

(iv) | Effector:
. left dotted line- makes more permeable

________________i__’_‘_9_'1!_99@?9_?_(‘?:__F!?_?!S??_!???__P?_’_T?ﬁ?'ﬁ?_________________________________E _______________ LI

- Concentraton:
. left dotted line- increase/ hypertonic ;

________________ _right dotted line- decrease/ hypotonic . 1

- lvolume: e
. left dotted line- decrease :

_________________  fight dotted line- increase 4 A ]

(d) (i) | () freshwater fishrelease ammonia, | 1

(I1) insects release uric acid. 1

_______________________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________

(ii) | requires less water forits disposal to allow them to survive
- Indry places. /ayp e.g. less toxic/less mass to allow flight | 1

____________________________________________________________________________________________________________________________________________________
....................................................................................................................................................

(iv) | Effector:
- left dotted line- makes more permeable

_ right dotted line- makes less permeable L

- Concentraton:
- left dotted line- increase/ hypertonic ;

________________ _right dotted line- decrease/ hypotonic . 1

- lvolume:
 left dotted line- decrease |

_________________ | Mght doftedfne- increase 1 1

(d) (i) | () freshwater fishrelease ammonia, 1

. (insects release uricacid. LA

") | requires less water forits disposal to allow them to survive |
- Indry places. /ayp e.g. less toxic/less mass to allow flight 1

....................................................................................................................................................

____________________________________________________________________________________________________________________________________________________

STEMUP.CO.UK


https://stemup.co.uk

8.

8

Question Marking details

(a)

(b)

(c)

(Y Water absorbedinto blood, water potentialrises;
Osmareceptors hyvpothalamuos;
(Fosterior) pituitary, releases less ADH; R anterior pituitany
DCT/ collecting duct, less permeable;

Lesswater reabsorbed, large volumes dilute urine produced;

{ii} Same/lesssaltbutina grealervolume of urine/ Cwite;

(iiiy Age;
Sex;
Activity levels fexteriortemparature;
Diet! saltintake;
FPrevious fluid intake;
mass/weight;
externaltemperature;

normal kidney function;

(i} Efferentarteriole narrower tran afferent! ORAS ventricular

systole;

{ii} Frotein;

(iiiy Downwaterpotential gradiet;

Jsmosis

(iv) 10-6.7;

3.3kPa;

{i} (circular)muscles contract, lumen gets smaller /ORA;
Less difference between afferent and efferent diameter
therefore pressuredrops;

(ii} Increased glomerularfitraticn, dehydration/increasedvol.

Lrine ! damage kidney;

Question 8 Total

Marks
Available

Max 4

Max 2

[16]

Questi

(c)


https://stemup.co.uk

Question

(@

(b)

(i)

(ii)

(iii)

Marking details

Cortex;

X = Proximal convoluted tubule / distal convoluted tubule;
Reject PCT
Y = Bowmans capsule;

Z = Glomerulus;

Microvilli;

Large numbers mitochondria;
Folded basement membrane;
Large number ribosomes;

arterial pressure high/ high blood pressure;
Afferent vessel wider diameter than efferent;
Increase in pressure in glomerulus;

Pores between endothelial cells;

Pores in basement membrane;

Filtration slits podocyte feet;

Eg. of a substance not filtered and one which passes through;

Question9 Total

Marks
Available

Max 4

(1]
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10.

(a)

(b)

(c)

0
(ii)

(i)
(iv)

(1)

(ii)

(1)

(ii)

(i)

(iv)

glomerulus

urea, amino acids, fatty acids / glycerol / small proteins /
inorganing ions / salt  (name two for 1 mark)
ultrafiltration

blood pressure decreased; less filtrate formed

microvilli provide a large surface area for absorption;
many mitochondria for active transport

loop of Henle

blood is taken from a vein;

dialysis fluid has the same water potential and concentration of
ions and glucose as blood of patient;

urea and excess water and salt diffuses;

from blood into dialysate because of the concentration gradient
from the blood into the dialysis fluid. (any four points)
glucose would diffuse out of the patient’s blood and would lead
to a shortage of glucose.

frequent hospital visits or confined to machine for periods.
shortage of donors;

Organ rejection / immunosuppressant drugs

Matching tissue type / blood group

[1]

[1]

[1]
[2]

[2]
[1]

[4]

[1]

[1]

[2]

[Total 16 marks]
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11

Question

Marking dstails

Marks Available

AD1

AQ2

AQ2

Total

Maths

Prac

11

(@)

Between glomerulus and Bowman's capsule

1

Correct answer = 30000 = 2 marks
15mm x 10° (1) Evidence of Image/Actual

500

(b)

(i)

8-4-26=14kPa

(i)

1. There is less protein in the {plasma/blood} (1)

2. So the osmotic pressure decreases/water potential
higher/water potential less negative (1)

3. So overall pressure increases and {more filtrate is
producedirate is faster}{1)

(iil)

Dilate the afferent vessel/afferent vessel gets wider/
musclc (in walls) relaxes (1)

Constrict the efferent vessel/efferent gets namower/
muscles (in walls) contract (1)

They are too large to {diffuse back in/pass through/to be
reabsorbed}{1)

There are no {specific carmers/transport proteins/carrier
proteins/channel proteins} for them (1)

(d)

0

(Only) water reabsorbed/water leaves tubule by
osmosis/diffusion (1)

(i)

point drawn at 40 au/100% (1)
Line drawn with ruler between points (1) No
extrapolation/sketchy line

(e}

{Provide/Release] energy/[produce/provide/release/synthesise}
ATP (1)

Reject produce/make energy

For active {transport/uptake}/for pumping correct named
molecule (1)

{Give larger/increased/large} surface area for absorption/or
description of

Any 4 x (1) from:

1. Ammonia is more toxic than urea (1)

2. so needs to be diluted/washed away constantly/more soluble
than urea (1)

3. Mud: Need to conserve water(1)

4, Urea needs less walen [on excrelion/ir ammonig was used, 4
lot of water would be lost (1)

5. Urea can be stored (because it s less toxic) (1)

Questionlltotal

11

21
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12.

Question
12 (i}
(i)
(b)
© 0
(i)

Marks
Available
max 4

Marking details
Any 4 from

Increased levels of ureain blood;

Increased levels of {ions / named ion/ salt} in blood;
Incraasad water lavels in hlood f swelling lags / shortnass
breath;

Increase in water potential of blood,

Reduced volume of urine;

Blood in urine

Mausea;

ltching {caused by high levels phosphate);

Bone damage/ slow bone healing;

Muscle cramps/ abnormal heart thythm/ muscle paralysis;

Decreased numbers RBC [ tiredness/ dizziness:

Fall in blood pressure; 2

Ultrafiltration no longertakes place;

High blood pressure; 2

Ref. vein not having a thick muscular wall;

Maintain {diffusion gradient/ concentration gradient}; 1

Accept prevent urea diffusing back

Countercurrent maximise concentration gradient along length 1
of tube/ stop equilibrium;
Accept bloodand dialysis fluid do not reach same urea

concentration

Question

(d}

(e}

(iii)

Marking details

High conc. calciumin blood - diffuses from bloodto dialysate,
Low conc. in blood -from dialysate to blood./mainfain constant level
in blood;

Any 2 from

Risk to living person, surgery, one kidney only;

Ethics of using kidney from cadaver,;

Ethics of removing kidney from brain dead person;

Ethics of using fetal material;

Increasedrisk of people selling kidneys;

Ethics of givingtransplantto elderly person;

Rejection/ infection/surgical risks;

Use of immunosuppressant's increase risk of infecion/ cancer;

Secretes hormones (erythropoietin/calcitriol Jinto blood;

Question 12 total

Marks
Available

max 2

[14]
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13.

Cluestion

Marking details

Marks
Available

13

(a)
(b)

ic}

()

(e

1)

(i}

renal artery;

many {pores/ gaps} in the {capillary wall/endothelium /
fenestrated wall};

basement membrane with {pores / molecular sieve} (through
which large molecules cannot pass);

efferent arteriole has {smaller diameter/ narrower lumen!} than
afferent;

{all) glucose (selectivey) reabsorbed;
{reabsorption)in the proximal convoluted tubule;
{reabsorption) by active fransport;

A. water {reabsorhed from filtrate/fremoved from filtrate)};

B. less urea reab=orbed / urea not reabsorbed;

C. {sodium [/ mineral ions} reabsorbed in proximal
convoluted tubule;

D. therefore water reabsorbed by camosis in proximal
convoluted tubule;

E. {active transport/ pumping} of Na* ions in the ascending
limb of the loop of Henle;

F. water reabsorbed from filtrate in the descending limb of
loop of Henle/ descending limb is permeable to water/
ascoending limb impormecable;

. hypertonic conditions /high solufe concenftrations in the
medullal lowering water potential of medullal comect
description of concenfration gradient towards apex of
loop;

H. therefore water reabsorbed in the collecting ductidistal
convoluicd tubulc;

less water lost (in urine)/ conserves waler;
reduces risk of dehydration;
usefu' in dry habitats/ adaptation to terrastrial life;

ADH i/anti diuretic hormone;

{increases reabsorption of water/ increases permeability of
collecting duct to water / opans more aguaporins} so increases
ion_ccncentration;

Cluestion 13 Total

.1

2 max

2 max

5 max

2 max

[14]
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14.

Cluestion

Marking details

Marks
Available

14

(a)

(b)

{1

(i
(iii}
(iv)

{n

(it

(i}

(iv)

A = collecting duct;

B = efferent arteriole;

C = glomemnlus;

D = afferent arteriole;

E = Bowman's/renal capsule;

F = loop of Henlg;

{one mark for every two correct)

line to proximal convoluted tubule;
line to proximal convoluted tubule;

causes increase in blood pressure;
forces components of plasma into Bowman's capsule;
ultrafiltration;

same concantration of both in plasma and filtrate;
forced from plasmal glomerulus into capsule;
small molecules;

50 can pass through gaps;

concentration of urea increases in tubule;
s0 water is reabsorhed;

figs to support (1.0 —1.7);

into capillanes;

urea not reabsorbed;

glucose nomally reabsorbed in proximal convoluted tubule;

ratio falls from 1.0 to 0.0 in untrzated kidney;
prevented by chemical £;
ratio in untreated kidney therefore rises from 1.0 to 1.4;

because of water reabsorption;

inhibits active transport/ blocks protein pores;
Respiratory inhibitor/ less ATP/Affects co transport;

Cluestion 14 Total

3

3 max

4 max

3 max

1 max

[18]
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15.

Question Marking details
15 (a) Removal of waste;
(b)y () 68;
@iy | The salts enter urine/ excreted/ some are reabsorbed;

Il Concentration increases;
Because water intake lower and percentage of intake that
passes into urine is lower’/ because the volume of urine is

lower;

(i) Restore (normal) levels/ return to normal/ replenish salts;

Question 15 Total

Marks
Available

[6]
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16.

17.

Question

16

_ _ Marks
Marking details Available

Indicative content 6

The brain monitors whether there is too much water in the
blood, and so little ADH is released. Dilute urine is excreted
because the kidney tubules do not absorb much water to pass
it back to the blood. If there is too little water in the blood, then
more ADH is released causing concentrated urine to be
excreted because the kidney tubules absorb a lot of water and
pass it into the blood.

6-6 marks

The candidate constructs an articulate, integrated account
correctly linking relevant points, such as those in the indicative
content, which shows sequential reasoning. The answer fully
addresses the question with no irrelevant inclusions or
significant omissions. The candidate uses appropriate scientific
terminology and accurate spelling, punctuation and grammat.

3-4 marks

The candidate constructs an account correctly linking some
relevant points, such as those in the indicative content,
showing some reasoning. The answer addresses the question
with some omissions. The candidate uses mainly appropriate
scientific terminology and some accurate spelling, punctuation
and grammar.

1-2 marks

The candidate makes some relevant points, such as those in
the indicative content, showing limited reasoning. The answer
addresses the question with significant omissions. The
candidate uses limited scientific terminclogy and inaccuracies
in spelling, punctuation and grammar.

0 marks

The candidate does not make any attempt or give a relevant

answer worthy of credit

Question 16 Total

(€]

Marks Available

ti Marking detail
Motz R T AD1 | ADZ | AO3 | Total | Maths | Prac
17 Indicative content

Ecstasy

¢ ADH increases permeability of {DCT feollecting duct} to 3 3 3 9

water

more aguaporing added into the cell membrang
more water reabsorbed (and lower volume of urine
produced)

increases asweat production so reduces {urine volumel!
water potential of plazsma}

Furosemide

ions transported out of ascending limb of Loop of Henle
into tiszue fluid of medulla

lower solutefwater potential of issue fluid! creates a
water potential gradient in medulla

Water moves out of {descending limb/ collecting duct}
by osmosis

this reducss volume of {filtratef urine}

fewer ions into medulla reduces water potential
gradient 50 less water reabsorbed from {descending
limb/collecting duct}

{filtrate furine} volume remain high

Hyponatraemia

ecstasy causes increased body temperature — body

raante b sarastinn racoalins in nerascad lhee of Bla™



https://stemup.co.uk

B T T T e

» ecstasy causes increased thirst — blood is diluted

» ecstasy too much water reabsorbed dilutes the blood

¢ (furosemide inhibits transport of Na™ out of filtrate) so
maore Ma” are passed out in urine

* Turosemide aiso Increases urine volume so more Na™
lost from body

7-9 marks

A clear account of the role of the loop of Henle and
ADH/collecting duct inferaction iz given. This is related in
detail to the action of MDMA in increasing permeability of
the collecting duct to water through the incorporation of
more aquapaorins and also how furosemide decreases the
reabsorption of water by decreasing the water potential
gradient between the filtrate and the tissue fluid in the
medulla.

A detailed explanation iz given of how both drugs can lead
to low blood Na™ levels.

The candidate constructs an arficulate, infegrafed
account. which shows sequential reasoning. The answer
fully addresses the question with no irrelevant inclusions
or significant omissions. The candidale uses scientific
convenfions and vocabulary approprately and accurately.

4.6 marks

The involvement of the loop of Henke and the collecting
duct, together with the role of ADH is described. The
efiects of MDMA andior furcsemide are linked to these
structures and their effect on the volume of urine is
explained.

A sound attempt iz made to explain how both drugs can
result in hypcnatraemia.

The candidate constructs an account correctly linking
some relevant points, such as those in the indicative
content, showing some reasoning. The answer addresses
the question with some omissions. The candidafe usually
uses scientifiz conventions and vocabulary appropriately
and accurately.

1-3 marks

The formation of urine is described and an attempt is
made to relate the action of MDMA or furosemide to the
changes in urine volume.

A basic attempt ia madc to cxplain hew onc of thcac druga
can result in hyponatraemia.

The candidate makes some relevant points, such as those
in the indicatve content, showing limited reasoning. The
answer addresses the guestion with significant omissions.
The candidate has limited use of scientific conventions
and vocabulsry.

Question 17 Total
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