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2022

SECTION A Human Physiology: Regulation and Control
Answer ALL parts of the question.

1(a) The graph below shows the change in volume of the glomerular filtrate along different regions of the kidney
tubule under normal and dehydrated conditions: )

1(b) An experiment was conducted to investigate the respiratory responses during exercise in healthy persons and
in patients with hardening of lung tissue. They were asked to ride a cycling machine set at the same resistance,
holding a slow constant speed for ten minutes. Their breathing rates, breathing depths and plasma gas levels
were continuously monitored throughout the experiment. The results are shown in the table below:

Plasma carbon dioxide
\ Time level (arbitrary unit)
) (min) oty [
100 region A region B region C 0
2
g B 4
é 80 1 6
& HH 8
é 60 HH 10
£
)
"é 40 i (i)  State how the breathing depth of the patients was different from that of the healthy persons.
g ¥ (2 marks)
.3 > — 5
< normal condition (i)  Based on the condition of the patients, suggest an explanation for the difference stated in (i).
'§ 20 I | { } (2 matks)
: i1 -
[ 2 1T dehydration 7 (iii)  With reference to the data shown, deduce with reasons which parameter, plasma oxygen level or
0 e T P e - plasma carbon dioxide level, was more significant in bringing about changes in the breathing rate of
T T Ll . . .
0 10 2 30 40 50 60 70 80 100 e D SN
e (iv)  With reference to the plasma gas levels, explain why patients would feel dizzy if the experiment
continued for another ten minutes. (2 marks)
(i)  Describe how the glomerular filtrate is formed in the Bowman'’s capsule. (2 marks)

(i)  With reference to the above graph, state the region of the kidney tubule in which most water is
reabsorbed. (1 mark)

(iii)  Ifthe average volume of the glomerular filtrate formed each day is 180 L, what is the volume of water
reabsorbed daily in the region stated in (ii)? (1 mark)

(iv)  Explain how water is reabsorbed into the blood from the glomerular filtrate within the region stated
in (ii). (3 marks)

(v)  With reference to the hormonal control of osmoregulation, explain the difference in the relative
volume of the glomerular filtrate at the end of region C of the kidney tubule under the two different
conditions mentioned above. (4 marks)
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Human Physiology: Regulation and Control

Regulation of water content

2012sp (1b)

1.(b) The disgram below shows the structure of a nephron:

)

(i)
ity

Explain why the fluid in A has a lower percentage of glucose but a higher percentage of urea
than that in B. (2 marks)

Explain the change in the concentration of the fluid in A after heavy sweating. (5 marks)

Patients suffering from kidney failure may need to receive treatments involving a dialysis
machine which works on similar biological principles as the kidney. State one similarity and
one difference between the functioning of the artificial membrane in the dialysis machine and
that of the wall of nephrouns. (2 marks)

§ S

— r— — =

2012(1a)

— —

1.(a) In astudy about the replenishment of water after exercise, participants performed exercise until they lost
1 560 mL water. They were then divided into 3 groups and asked to consume a 2 000 mL sports drink
containing 0, 50 and 100 mmol / L sodium respectively. Urine samples were collected at 1-hour intervals
for 6 hours and the net body fluid balance throughout the course of the experiment was determined. The

results are respectively shown in the Figures 1A and 1B below:

Key:

0 mmol / L sodium
=+ 50 mmol / L sodium

100 mmol / L sodium

350 Figérz 14 Figure 1B
1 000-!

400
3 350 3 .
:E‘, lé, 500
o 300 8
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Q V™) o -
> £
£ 200+ 2
2 150 2 =
g ] 2

100 31000
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4] : T i T 1 ~1 500 T T T T T T 1
o 1 2 3 4 3 0 e, S
Time (hour) s o Time (hour)
exercise
intake (?f Intake of
sports drink sports drink

(i)  Describe the general patterns of the urine output afler consuming drinks with different sodium

concentrations.

(4 marks}

(i)  Account for the high urine output of the participants who consumed sports drink with 0 mmol /L

sodium.

(4 marks)

(ii})  in terms of the replenishment of water, which sports drink would you recommend for athletes to

consume after exercise? Explain your answer.

(3 marks}
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2014(1a)

i(a) The table below shows the amounts of different substances handled by the kidoeys:

Amount filtered into | Amountreabsorbed | Amonnt excreted

the kidney tubules | into blood capillaries | along with urine
Glucose ™ 150 130 0
| Hydrogencarbonate (mEq day ™) 4320 4318 2
Soditm (mEq day™') 25 560 25 418 150
‘ Chioride (mEq day™) 19 449 19260 180
‘ Potassium (mEq day ™) 756 844 92
Urea (g day™) 47 3.5 233

G} With reference to the mechanisms involved in reabsorption, account for the differences in the

smount of glucose and ures handled by the kidneys,

Gy Of the total
hormone,

(4 marks)

of water reabsorbed by the kidneys, only a small amount is regulated by &

{1}  Using the information provided in the tble, expiain how most of the water is reabyorbed

regardless of hormonal control

(3 marks)

{2) State the hormone which is responsible for regulating the resbsorption of water and state

how it works,

(2 marks)

2016(1b)

1By The gruph below shows the remal glucose handling capability (reabsorption and excretion) in & healthy
person and in a putient sullering from noneinsulin-dependent (iype 1T) diabetes:

o

Gl

i

+ w— —+ feRbSOIDtICD (dinbetic patient)
400 ke
g Z borption (healthy person)
& / + exereti fiby petson;
= 300- & excretion (fealthy }
§ g .."‘ . excretion (disbetic patient)
@ B LAY 4
% g 200+ A
3 - 4
S
100 & ;7
v‘.. ,
I o‘:: _,,
¢ i sy T
200 280

Plasma glucose concentration (mg dL.™)

Describe the change in the renal handling of glucose in the hexithy person if the plasma glocose
concentration increases from 6 1o 250 mg dL™\ {4 marks)

It is noted that there is an increased expression of & gene coding for membrane glucose carriers in
the kidney tubules of type 1l disbetic patients.

(1) Inwhichregion of the kidney tubules are thess membrans glucose carriers locased? (1 mark}
{2y  Suggest why the type 1l diabetic patient has a higher glucose reabsorption capability.
H the dinbetic condition of the patient is not properly managed, the plasma ghicoss concentration

can rise to & level beyond 300 mg dL™'.  Explain why disbetic patients urinate more frequently
sthan bealthy persons. {4 marks)

1
=
n
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by  The dingram helow sBows a nephron and its associated structures.  The solute concentration of the fluid at
different pasitions in the tubules are indicated:

direction of blood flow

A5 290 puuof L7

B: 290 mmot L™

C: 100 mmot L™

i} Withrefe to the physiological involved, explain why there is no change in the solute

coientration of the fluid inside the tubule as the fluid flows Som point A to point B. (4 marks)

(i} Account for the difference in the solute concentration of fluid in point I with or without antidioretic
hormone {ADH). {3 marks)

(i) If protein is present in the fiuid in point D, which part of the nephron is most kely demaged?
Explaip your answer, (2 smarks}

D: 30-50 mumol L™ without sntidiuretic hormane
900-1400 mmol L™ with antidioretic hormone

2018(1a)

s}

Average volame of arine onllecwd {ml.)

I 2 study of the etfect of comuming diffrent Hguids ou urine production, tuee groups of healihy persons
were asked ro follow the same pattern of physical activity and dietary itake. After that, Group A consumed
@ 1300 ml alcohelic boverage, Group B consumed 1500 mib water and Group © did net constame any
Hauid. Thelr urine way collertod and ity vod ed at 6 te intervals over a period of 240
minutes.  The resulix are shown in the graph bedow:

Rgy: s Group A each person consumed » 1300 mi sluoholic beverage
------ Group B each person consumed 1300 ml water
e e < Girpgp O did not consume any Haoid

400 |
TN ——

pasi]

@

&0 1o i8¢ 244
Higuid consumption T (min}

(7 With reference 1o e ho } comtrl of gulation, explain why Geoup O bad o much Tower
ze vohune of aring produced than Group A and Group B, {5 marks}

() (1} With referonce 1o the resulis of Group A and Group B, what is the overall effect of
consuining aleohioli beveragsd on wibe production? {1 wak)

(2} Based on (M) {1} dedice one possibie effect of alcobol on e formonal comtrol of
gsmoregulation. £t mak)

(if}  Explain why the participants shonld avoid deing vigorous physival activity during the stady.
{2 marksy
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2019(1b)

(B}  To investigate the effects of dehydration on cardio

fer functions, professions} cyclists wers divided

into twa groups (dehydrated group and hydrated group) and asked to ride & eycling machine set at the: sams
resistance for 120 minutes, The dehydrated group did not drink sny fluid throughout the course of the
experiment, while the hydrated group drank an isotenic fluid to compensate for the water loss during

cycling, The table below shows the ch in their cardk
o of Heant rate (beat min™) Stroke volume (L) ardiag o i
“‘i‘f:‘i;"? n:m) Dehydrated | Hydrated | Delpdrsted | Hydrated _ Hydrated
10 132 139 0.1 0.136 190 13.9
60 153 148 2,120 9.128 185 141
110 163 150 3 8.128 157 192
(i} Over the course of the experiment, the cycling speed of the Hydrated group was constant while that
of the debydrated group dropped slowly. With reference 1o the data on cardiac outpist, explain the
performance of the two groups of cyclists in terms of the cycling speed. {5 marks}
() (1) With reference to the data on heart rate and stroke volume in the dehydrated group, which
parameter led to the change in their cardine cutpum? {} mark}
€2)  With refercace to water balance in the dehydrated group, explain the changs in the parameter
stated in {1) during the course of the experiment. (2 marks}
(i) Suggest why there was u greater increase in heart rate in the dehydrated group as compared to the
hydrated group. (2 marks)
8
3 F 3 [ 3 F ( ) 3

2020(1a)

12} In a study, the plasma antidiuretic hormone (ADH) Jevel and plasma sodium fon level of two groups of
individuals were compared. They were heaithy individuals and patients with disorders of the pituitary
gland. The graph below shows the relationship between the levels of the two substances in their bodies:

@

)

)

(v}

izr healthy
individuals

e
o
J

®
I

e
T

patients with

Plasma ADH Carbitrary unit)
[-3
i

2 - pituitary disorders
CE 1 1 ! ! il
135 140 143 150 155

Plasma sodium jon {arbitrary unit)

With reference to the above graph, describe the change in the plasma ADH level in these two groups

of individuals. {3 marks)
According to your answer in (a) (i), explain how the volume and ion of urine produced by
the patients would be different from that produced by healthy individuals, {3 matks)
Explain how the increase in plasma sodivm ion level leads to changes in plasma ADH level in
healthy individuals. (3 marks)
Some female patients with pituitery disorders do not menstrunte. Based on your knowledge of the
function of the pituitary gland, propose a possible explanation for this ph (3 marks}

DSE21_01(b)(iv)

{iv)  The ¢ffect described in (i) is beneficial in regulating water balance in the hypertonic group of
yolunteers, Explain why. (2 marks)
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Regulation of body temperature 2012(1b)
2012sp (la)
. i i i I.(b) Inthe study described in (a), the participants performed ise in a rcom maintained at 34°C and 60-70%
1(2) In an experiment conducted in a room with an air temperature of 45°C, a healthy man was asked to relative humidity.
consunte a large gquantity of crushed ice (about 500 g) from time to time. Measurement of the
following parameters were taken from the man during the course of the experiment: (i)  State swo major ways in which participants lost water during exercise. (2 marks)
- internal body temperature (taken at the eardrum which indicates the temperature of the blood
. Sukfflyiﬂz the hypothalamus) (i) If the temperature and relative humidity in the room had been set higher, it would have been
skin temperature g to the particip Explain why this is so. {4 marks)
. rate of sweating
o fate of body heat loss / gain i) After th ise, the breathing rate of the participants ined at a fairly high level lain the
(NB. It was noted that the metabolic rate of this person remained unchanged throughout the o signirﬁcaenzeor?tshei,s g oT e picipens eme I E)((3p :ll:ka;
experiment.) ’

The data are presented in the following graphs:

Ice intake Tce intake Tce intake 2018(1b)
_. 378
& Hby  Nowadays, many weather Rrecast apps Tt ‘read foel® in addition to #ir temy Fhe reed
by feed temp is the teonp whivh takes inte scount multiple factons influencing Wig Sifectiveness
5 ST Bk ass frov 35e buman bodsa'The higher the stfectivensus the lowen {s therea) Sl owenmtios, The
§ table below shows the real feol tomperatures wt different air tomperauess and refative homidities fotleer
E epvironmenty] conditions remadn the sameh
=
36.6
Abr temperature (7C)
52 EY; i3 32 3
L3 & 40 24 2% 34 38
2 g s |@ 23 7% 35 41
f e 25 30 3% 41
“w @ TElm 26 31 37 42
fg: T 2% 2 37 4
g’ 3 3 3 27 32 3% 43
SN | kN A = 27 33 38 46
) g l Note: Real feet tamperatires are Highlighted in grey,
o
& g . ! T J T s T T Y Describe she effest of relutive bumidity on the real ol rempersture. Explain this phenomaon with
. 0 0 20 30 40 50 60 70 80 reference t the effectivensss of heat foss from the bady, 3 warks)
Time (min)
iy How does the effect duscribad in (i) changs 3t higher air tomperatures? Explain this phenomencn
@ Describe the changes in the o fing body temperature and the skin temperature within with reference 1o the eifectiveness of heat loss frows i body {3 marks}
the five minutes after the crushed ice was consumed. (2 marks) {i) Oy thiss refative Bumidity and sir temperature, sugpest teo environmental fietors thar may affect
- . R ) . i this real feel tempervinre. Explain vour amfwer. o marks)
(i)  Explain how the consumption of crushed ice had brought about the change in the internal body
temperature you stated in {i). (2 marks}) {ivy  Peupie who are engaged in ourdoor work or aitivities are sdvised 1o drink plesty of warer whea e
. . . Hong Kong Observatory issues the Very Hot Weather Waming. Bassd on your bielogieal
(i) The change in skin temperature within five after the of crushed ice was knowledge, suggest an explanativg for this sdvics. {1 macky
the result of h Explain the mechani involved in bringing about this
change in skin temperature thh rcfu‘cﬂce to the graphs. (4 marks}

(iv) According to the findings of this expeciment, the followmg deductmn can be madc

environmental temperature plays a less domi role in g g when compared to
internal body temperature.
‘What evidence suppotts this deduction? (3 marks}

10 "
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DSEZ1_1(b)(1)-(ii)

i(b)  An investigation was carried ous to swudy the effect of the water content of blood on the thermorsgilatary
response. Volunteers were divided into two groups with the blood water cantent of one group maintzined at
isotonic condition while the other group st hypertonic condition. They were asked to immerse their badies
in hot water to mid-chest level for 30 minutes. ‘l'be rate of swcnung ar the t'orchcad and 1hc bodw

of the were conti the The
between these two parameters of the. groups Is shown in the graph below:

Regulation of gas content in blood
1o - 2012pp(1b)

Tsotonic group

5
S b} Candinc output refers to the blood volume supplyiag to the systemic <i The disgram below
5 showes sotne fsctors that affect carding ovtpts
g
Py
g Strength of contraction
_g ! Venous retum i of beart muscle
x
) I}
o T T T T 1 | Stroke vofume I L Heart rate l
36.0 363 70 378 330 385
Mean body temperature (*C)
Cardine output
(i} Statethe receptor and effector involved in ibe thenmoregidaiory response of ihe isptonic group,
(2 marks)
(i) With reference to the thermoregulatory response: of the isotonic group shown in the above grph, €} The contraction of which beart chamber determives the strake volume? {1 mark)
explain why the change brought sbout by this response is regarded ws an example of negative
fredback. 4 marks) (i} Explain how the stroke volume is affected by the vemous return and sirength of the contractionr of
{Note: The nervaws coordination of the response is af required ) heart muscie. (2 marks)
{iiiy  With reference ta the nbuve graph, deduce the effect of the hypmomc condition of blood on mc (i)  Explain oxe way in which the venous retum Is increased when s person le doing exercise.
negative feedback vfthe fon of the (2 marks! 3 eke)
(v} The nning spood in. & is ususlly much Sower thux that in & 100 m ke, Expluie
wbynumpmﬁ»lefmmnmhonnmmnmx:bcmwweﬁnc 100 m runner
throughout & marsthon. (5 warks)
2014(1b)

1.0}  The table below shows the dats of some parameiers of the cardiovascular and respératory systems of &
healthy untrained person atrest, during light exercise and during vigorous exercise:

Af rest Light sxercise Vigorous exerzise
Henrt rate (beats / min) 75 143 19
Stroke volume (dm’) 007 909 (%3]
Breathing rate (breaths ; min) 14 4 A4
“Tidal volume fdm’ ) 0.86 167 250

1} Using the data provided, cakeulate the candiac output (dnv’ / min) and ventilation rate {dm’ / min)
of this person when he i3 at test, when he is doing light exercise ad when he is doing vigerous
exercise respectively. {2 marks)

(i) State the chnges in this pervon’s Cardive output and ventilation rate with the neromsing lewel of
exervise.  'What is the importance of these changes? {4 marks)

{iify  Describe bow the person’s sympathetic nerve brings about the change in the cardise output during
Lxereise, {2 marks)

{ivy  Explein why the volume of urine produced by this person afler vigoous exercise is less thar usual,
{4 marks)

|
e
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2013(1a) 2015(1b)
1{s) The X-my photograph below shows a small electronic device that has been surgically implanted into the Kby The di:p:q below shows the distribution of cardiac output to various parts of the human body st rest and
chest cavity of s patient suffering from heart disease. This device maintains the proper rhythm of the during exercise:
patient’s heart. 20
i i i i i—; ( Key:
wire leading to the beart  heart clectronic device g '
e sk ‘ [HEIT skeletal muscle
:g_ i —
} 1
: (R brain
:g 10} i | -kidncy
s I ’ SSWskin
.§. | l other internal organs
2 sl T F—
£ DR
Z2
B
At rest During exercise
{}  With reference to the control of heart beat, briefly describe pee regulstory ways in which the
cardize output £an be increased during exercise. {2 marks}
i Which structure of the heart does the device replace functional 1 mark - . :
® & i iy? ¢ . ) iy E r" the imp of skebotal tes having the greatest increase fn blood supply dwring
(i} The structure mentioned in (i) triggers a series of events that lead to the proper functioning of the L €3 marks)
beart. Describe these events, (4 marks) (§)  Expluin why there is an increase in blood flow fo the skin during exercisc. (4 marks)

(i)  During the cardiac cycle, there is a period of time in which both atria and veatricles are in a relaxed
state.  Briefly describe the pathway of blood flow retuming from the lungs to the heart chambers
during this period. {3 marks)

{tv)  With reference to 8 hormone, describe how it can bring about an increase in cardiac output.
(3 marks)
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2016(1a) 2017(1a)

1(a) The table below shows how the relative percentages of energy conmbumn from anscmbx: and aerobic 1) Ellen went swinming with her friends on  windy day.  They competed 1o hokd thelr breath under water
“respiration change with different durations of yigorous sxercise: z e for the longest time.  Efhen finally won the competition by holding her breath for 2 minutes,

Duration of ‘ Relative ofen contribation {  When Ellen was holding ber bresth, which past of her brain was controiling the breathing sctions?
vigorous exercise Anserobic respiration Asrobic respitation e
14 seconds 85 $ (i When Eflen left the water, she breathed rapidly sad beavily.
30 seconds 85 15
i minute 7% 36 {1} What was the stimulus Ieading to this response?  How was this stimulus hrought about
2 mi 36 o when Ellen was holding her bresth imder water? {3 marks)
3§ minutes 3 il N p g .
P 5 & {2} Describe the nervous coordination Jeading 1o this response, {4 marks)
30 minutes 2 93 (i)} Afier Blien had kR the water, she felt cold inthe wind.  Give ome physiological response ber body
wkd exhibit to helj 1 ignificance is response,
¢y What is the relationship between the dwation of vigorous exercise and the energy contribution from = RO e SaEEEE o a “ )
the two respirafory pathways? {1 mark}
(i1} Por vigorous exercise of short durstion {10-30 seconds), snergy mainly comes fom the breakdown 2019(1
of the food store iy muscles, (1b)
{1} Uses Howchart to show the two major sieps in converting this food store to & usable form of b} To investigate the effects of dehydration on cardi lar functions, professional cyclists were divided
energy through the anserobic pathway, {2 marks} into ywo groups {(dehydrated gmup and hydmed group) and asked to ride a cyeling machine set af the same
{Note: Details of the Intermedistes in the pathway are not required } stance for 120 minutes. The dehyd ¢ group did not drink any fluid throughout the course of the
experiment, while the hydrated group drank an fc fluid to Ty for the water loss during
{2}  Even though energy mainly comes from the hic path hictes who have just cycling. 'The table below shows the changes in their curdi tar functions:
performed vigorous exercise for short duvation sill veed o bmtbe fast for a while.
Bxplain the imp of this ph {2 marks} ¢
Dusation of Heart rate (beat min” ) Stroke volume (L) Cardine N
(i} During exercise, our sympathetic nervous system is stimulated. Explain hove this will bring about exereiss (min) |- DoDMed | Hydrated Debydsted | Hydrated | 5&?,1‘{.‘5 | Hydrated
physiclogical changes to sustain the exercise, {4 marks} foop | woup L _RIOUD | Rroup AP L woup |
10 i3g 139 0,138 G136 1 180 [ | %9
60 15§ 148 _0a20 | 6429 T 19.1
110 2 186 0083 { 0128 157 19.2

4} Over the course of the experiment, the cycling speed of the hydrated group was constant while that
of the dehydrated group dropped slowly.  With reference to the data on cardiac outpwt, explain the

performange of the two groups of cyclists in terms of the cycling speed. {5 marks)

(8} (1}  With reference to the data on heart rate and stroke volume in the dehydrated group, which
parameter fed to the change in thelr cardiac output? {1 mark}

2 With refi to water bal in the dehiydeated group, sxpiain the change in the prrameter

stated in {1} during the course of the experiment, {2 marks}

(i} Suggest why there was & grenter increase in heart rate in the dehiydeated group as compared to the
hydeated group. {2 ks

15 16

\
]

"

ot
=
a

4

5

Y

el e s & 1) (s (el o) ¢ Yo 115




—

S S S D S S

2020(1b)
by In an investigation, a volunteer stayed at rest and breathed in air different jons of
carbon dioxide, Some p related to breathing were d, The results are shown in the table
below:
Concentration of carbon Breathing rate Breathing depth Ventilation rate

dioxide in the inspired air (%) {min™) (L) (L min™)
0.04 L 14 0.5 10
0.80 14 0.6 84
1.50 4 0.8 11.2
2.70 .14 1.2 16.8
3.50 5 1.6 240
430 17 17 289
5.60 24 1.7 40.8
£.50 29 1.7 4.3

DSE21_01(a)

[}

Gi)

(i)

(v

1(2)

()

(ii}

[gi]

(iv}

State the parameter which contributed most to the change in ventilation rate in different ranges of

carbon dioxide concentrations, {2 marks)
Suggest why the breathing depth remained steady as the carbon dioxide concentration exceeded
4.3%. (1 mark)
Describe the effcct of an increase in carbon dioxide ion on the volunteer’s ilati

rate. 1 mark)

Explain how the increased concentration of carbon dioxide fed to a change in the ventilation rate.
{4 marks}

Two young students, Atice and Billy, carried out & series of step-up exercises of increasing intensity. Each:
exercise lasted for three minutes by stepping up and down on'a wooden box at a fised speed {ie. 2, 6 or 10
step-ups per 10 seconds) as shown in the diagram below:

step up.

step down

step down

step up

Their heart rates and blood lactate concentrtions were measursd at test and immediately sfiee exch
cxercise. Before the stert of the next excicise, the students were allowed to rost wntil their heart iz 50d
blood favtme concentration returned 10 their levels 4 fest. The resulis are shown in the tabie below:

trtensity of exercise Heart rate (beat min™) Blood hg‘:j?ﬁ;ﬂm
(N, G stepnuPiber i 0s) alice Bl Alice Bty
O {etrost) 5t 3| o4 .43
2 64 9% 0.63 0.82
6 [ 132 0.42 2.40
10 130 178 120 5.80

Describe the overal} effects of increasing the intensity of exercise on the heart rate and blood lactate
concenmation. {1 mark)

According to your answers in {1}, explain the change in blood lactate concentration during the
exercise. {3 marks}

According to your answer in {i}, describe how the nervous system byings about the change in heary
rate during the exercise. {4 marks}

Alice is a trained athlete. Give mwe pleces of supporting evidence from the data. (2 marks)

-
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Hormonal control of the reproductive cycle

2012pp(1a)

[N}

The following graph shows the plasma

ations of

r—

and follicle

stimulating hormone of & woman over a period of time:

0]
i

(iil)

fivy

PR ¥ &

= o
y 10 Progesterone -1000
&
= 8
o - 800 g3
[ e
Bk -600 5 E 2
g2 523
- &
2 o G
=% . . . —
b Follick: stimulating 200 2 @ X
s fkoncos 5
o —_ et P8 %
1 i T g
2} 28 15 42 =
4 g
Beginning of menstruation Time {day)
Namwe the process that took place in the ovary an day 14, {1 mark}
Account for the change in the plasma ation of prog; from day 14 to day 42,
{3 masrks)

What would bappen 1o the if the

¥

With reference 1o the ch in the

ion of the h

fevel dropped significantly on day 357
{1 mark)

shown in the above graph,

explain why progesterons can be used as 8 drug for contruception.

{3 marks}
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2013(1b)

i(b)

Kathy has been married for two years.  In the first year, she took a proge

pill. Then she stopped taking it and got pregnant. Three months later she noticed ble:ding ﬁ-on; her

vagina. Her doctor gave her progesterone 1o stop the bleeding.

(@  Explain how progesterone in the contraceptive pill prevented Kathy from becoming pregnant.

(5 marks)

{5y (1)  What was the possible cause and ¢ 3 of the bleeding from Kathy's vagina?
(2 marks)
(2)  How did the progesterone prescribed by the doctor help Kathy in this case? {2 marks)

2015(1a)

Hay

A young couple, John and Judy, wanted fo have » baby.  After & year of trying, Judy had stil} not become
pregnant.  They consulied their family doctor on this issue. The doctor suggested that both of them
should undergo some tesis 1o check their fertitity.

(¥ The doctor requested » semen sample from John for microscopic examination. Suggest two jtems
in the sample that should be checked. €2 marks}

(i} After collecting information sbout Judy's menstrual cycle, the doctor requested blood samples from
Fedy to monitor her fovels of LI and FSH,

{1} Why should the levels of LH and FSH be checked? (3 marks}

(2} The doctor also checked the condition of Tady's oviducts,  What is the importance of this

examination? €& marks)

i) All the test resulis were normal.  Three monthis fater, Judy did a0t experience menstruation on the
expected doy.

(1} Explain why the absence of menstrustion can be a sign of preguancy. {2 marks}

2) A hormone named HCG was detected in Judy's blood and urine. HOO prevents e
degeneration of the yellow body.  Based on the action of HCG, explain why Jody did oot
experience menstruation, {2 marks)

2019(1a)

1)  To investigate the imeraction between oestrogen und foullicle stimulating bormone (FSH), the plasms lavais

of the two hormones in & group of females were measured over a period of thne,  Graph 1 below shows
the change in the plasma levels of the two hormones throughout the course of the study:

Graph 1

e Cycle Cycle H
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= g e Oestrogen

T 71 LA A ) R T 2

24252627 81 2 3 4 5 6 7 8 9 0 1
Day in menstrus] cycle

iy With reference to the events ocowrring in the ovaries, explain the changes in plesma oestrogen feve!

during the following periods of time:
{1} fromday 24 of cyele Lo day 3 of cycle It {2 marka)
{3y fromday Stoday 1l ofowcle {2 marks)
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(i} The same group of females received an additional daily oestrogen injection from day 26 of cycle 111 020(18.iv)
for 5 comsecutive duys. Graph 2 below shows the changes in the plasma levels of the two iz} In a study, the plasma antidiuretic hormone (ADH]) level and plasma sodium fon level of twe groups of
hormonts over the same period of time: individuals were compared. They were healthy individuals and patients with disorders of the pituitary

gland. The graph belolw shows the relationship between the levels of the two substances in their bodies:

2r heaithy

Graph 2
rapl individuals
S
T Cycle I} e Cyrle IV i 5
] Eer
2
= FSH & 6
’ z
L " iz < s
%5 8 g atients with
%2 g P
§ g‘ ., i gz E‘ = 2t pituitary disorders
j: s it
g 5 Bs ol ™
g~ T — 3 ; .é -~ 1 1 ! ' 4
& PRy e ’ 135 40 145 150 18s
T T e B Plasma sodium ion (arbitrary wnit}
24252627 281 2 3 4 5 67 8 910 1t
AR A A 1] Day In menstrual cycle () With reference to the above graph, describe the change in the plasma ADH leve] in these two groups
daily injection of cestrogen of individuals. {3 marks)
{5 days) .
(i)  According to your answer in {a) {i), explain how the volume and o ion of urine produced by
the patients would be different from that produced by healthy individuals. {3 marks)
(1}  The pattern of the change in plasma FSH level in Graph 2 way modified by the injection of (i) Explain how the increase in plasma sodium jon level leads to changes in plasma ADH level in
additional oestrogen. With reference to graphs 1 and 2, deduce the effect of oestrogen on healthy individuals. (3 marks)
FSH. Explain your answer, 4 marks)
(iv) Some female patients with pituitary disorders do not menstruate. Based on your knowledge of the
" o pa4 - RS 1, ] 2 ',
(2)  Contraceptive pills usually contain gen and prog ne. With reference to your function of the pituitary gland, propose ap p jon for this p 5 (3 marks)
answer in (1), explain the function of oestrogen in these contraceptive pills. (2 marks)
21 22
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Regulation of water content 2014(1a)
2012sp (1b) L @ @
140 (i) » when the fluid passes from B w0 A, all glucose will be reabsorbed in the first / 3]
proximal coiled wbule (1), so no glucose is present it the fluid in A
» the percentape of water reabsorbed is higher than thar of urea (1), so the percentage of
urea in A is higher than thatin B
(i) » after the loss of much water in heavy swemting, the water potential of the Blood (3) (i
deceeases (1)
»  this stimulates the release of ADH from the pituitary (1)
e ADH increases the permeability of the second ! distal coiled tubule and the collecting
duct to water (1)
» thus a greater proportion of / more water will be reabsorbed (1) from the fluid in A
imo the blood by osmiosis
= as aresult. the concentration of the fluid in A increases (1)
(i) Similaritv: 2)
« both the dialysis membrane and the wall of the nephron allew small malecules suck as
urea and other waste materials to pass through but not plasma proteins and bloed cells
(1 2
Diﬁtrgntc: Y h)
« the cells of the wall of the nephron actively reabsorb useful substances {c.g, glucose) ®) M o
into the bloed. while the dialysis membrane has no such function (1)
.
2012(1a) .
1. (a) (i) <« regardless of the sodium concentration of the drinks, the greatest urinc
output occurred over the 1 hour (1) ) ..
«  the urine output then dropped contintously (1) until the 5* hous, ) [CYRNNQY
* the urine output became mare or [ess the same (1) )
» the urine output of the participants who consumed drinks with higher
sodium content were usually smaller than those participants who 2)
consumed drinks with lower sodium content (1}, or vice versa 1)
(ii) e« after drinking the spors drink with 0 mmol / L sodium, the hypethalamus
detected an increased in the water potential of the bload (1) ()
o the pituitary gland released less ADH into the blood circulation (1) (¢}
* as a result, the wall of the coilecting ducts of the kidney tubule became
less permeable to water (1) )} @iy o
* thus, 2 smaller proportion of water was reabsorbed (1) 1)
and hence, the volume of urine output increased
-
(i) e  spors drink with 100 mmol / L sodium (1) 45}
*  smaller urine output, indicating that the body rewins more water (1) ) .
«  the net fluid balance remains high than 0 throughout the study (3} )

59

all glucose filtered in the kidney tubules is reabsorbed into the blood
e (1)
because it is reabsorbed by means of active transport (1}
. however, only half of the urea is reabsorbed back into the blood (1)
. as urea is reabsorbed by means of diffusion only (1)

(1) as most of the substances in the glomerular filtrate are
reabsorbed into the blood (1)
. the water potental of blood is much lower than the remaining
fluid in the kidney tubules (1) .
- hence, there is a net flow of water from the filoate in the kidney
tubules to the blood in the biood capillaries by osmosis (1)

2) = antidiuretic hormone / ADH (1)
. it increases the permeability of the collecting duct to water (1)
s0 more water will be reabsorbed

glucose reabsorption increases with the plasma glucose concentration (1)
if it increases between 0 - 200 (= 20) mg dL™*

while no glucose is excreted (1)

beyond 200 (= 20) mg dL”} (i.e. the threshold), reabsorption of glucose
remains unchanged / levels off / remains constant (1)

and excretion of glucose in wurine begins and increases with the rise in
plasma glucose concentration (1)

» the first coiled tubule / first convoluted tubule / proximal convoluted
tubule (1)

s because the expression of the gene resulted in greater number of
glucose transporters at the kidney tubule (1)

» hence, rate of glucose reabsorption is higher / more glucose can be
reabsorbed per umit time / more glucase can be absorbed for the same
length of kiduey tubule (1)

they fails to reabsorb all glucose from the glomerular filrate / glucose
reabsorption is incomplete / soree glucose remains in the glomerular
filtrate (1)

hence the glomerular filvate of diabetic patients has a fower water
potential than that of heaithypeople (1)

as a result, less proportion of water can be reabsorbed back at the
collecting duct (1)

larger volume of urine will be produced (1), and they need to urinate
more frequently
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2017(1b)

®) @ .
@iy .
Git) o

2018(1a)

L@ ()

)
(i)

usefal solutes, e.g. glucose, sodium ion, amino acids, are reabsorbed
back in% the capillary by active wansport along the first coiled tubule
8]

hence, water potential of the blood surrounding the tubule decreases /
water potemtial of the filtrate increases (1)

as a result, water moves out of the first coiled wbule along the warr
potential gradient by osmosis / water molecules move along with
solutes (1)

the amount of water reabsorbed is proportional to the amount of solutes
reabsorbed (1)

hence, solute concentraton remains the same as the fluid flow from
point A to point B

fluid at point D without ADH has a lower solute concenwation than that
with ADH (1)

ADH increases the permeability of the second coiled tubule and the
collection duct (D) o water (1)

as 2 result, a larger propostion of water is reabsorbed (1), resulting in a
higher solute concentration

glomerulus (1)

the wall of glomerulus is impenneable to plasma protein / protein
moiecules are too large to pass through the wall of glomerulus (1)

if protein is present in the kidney tubule, it is most likely that the wall of
glomerulus is damaged

- Group C did pot drizk any liquid in the experiment, therefore the water
potential of the blood in persons in group C was lower than thar of the
groups A and B (1)

. this was detected by the osmoreceptors / the hypothalamus ()

- which then stimulated the pituitary glang 10 release more ADH (1) into
the bloed

- more ADK resulted in bigher permeability of collecting duct of the
aephron to warer (1)

. as a result, a Jarger proportion of / more water was reabserbed at the
collecting duct (1), i.e. less urine was produced

1) = alcohol consumption resulted in the production of more urine (1)

2 - more urine production suggesied that the release / production of
ADH might have been inhibited by 2icohal (1}

. W prevent the participants from losing water through sweating (1)
. as this may reduce the uriae production (1) and imterfere with the results
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Regulation of body temperature

2012sp (1a)

1.(a) (i} = shortly after the consumption of ice. his internal body temperarure fell (1) with z
concomitant rise in the skin temperature (1)
(i) « the consumption of the large quantity of ice had a cooling cffiect on the blood in the
gut ()

e us blond circulated to the hvpothalamas {1}, a fall m internal body termperature was
registered

(i) « a5 the hypothalamus registered a {alf in imernal temperatere (13, homeostatic
mechanism weuld be switched on to conserve heat 7 to reduce beat Joss 50 3s 1o rustore
the internal 1emperature 1 normal (13

« anervous signal was sent to the skin / swear glends 1o reduce sweating (1)

« skin temperatre increased as less heat is lost 10 the surroundings by evaporation of
swex (1}

OR

«  as the hypothalamus registered a fall in internal temperature (1)

* anervous signal wis sent © the skin / sweat glands to reduce sweating (1)

*  less heat was fost 10 the sutroundings ¥y cvaporstion of sweat (1}

«  sKin emperatre nereased as the rate of heat loss is fower thau the rate of heat gain
[¢}]

(iv) » since the room temperawre was kept at 4SC, skin thermorecepters would have
constamly detected this (1) and sent signals 1 the hypothalanwus to hring about heat
foss by sweating (1)

» but the findings of this experiment showed that sweating thectuared with changes in
imtermal body tempersture {)), indicaling that envirenmental teaperature plays @ Jess
dominant role in the control of sweating

2812(1b)
(b) (i)  during exercise, water is lost mainly

(if)

iif)

«  through sweating (1)
*  as water vapour during expiration / exhalation / breathing (1)

heat is continuously produced during exercise (1) but the participants will

experience difficulty in temperature regulation / may suffer fiom heat stroke /

overheating (1) because

¢ heat can not be lost effectively through evaporation of sweat when the
humidity is toe high (1)

«  heat Jost through convection / radiation is hindered / body may gain heat
from the environment (1) when the environmental temperawre is high /
higher than the body temperature

*  more oxygen is taken in (1)

* o breakdown lactic acid in the liver / provide addisional amount of energy
for converting lactic acid in blood to glycogen (1)

« 50 as to restore blood pH to normal (1)
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2018(1b)
by ®

(i)

(iif)

(v)

. increased humidity increases the real feel temperature (1)
. sweat evaporation will be hindered at higher relative humidities (1)
. as a result, heat cannot be lost to swrrounding effectively by sweat

evaporation (1), leading to 2 feeling of higher temperamre at lower
relative humidities

. the cffect intensifies / is stronger / is more serious ar at higher
temperatures (1)

. because gradient between body temperature and air temperawre is
narrower at a higher temperature (1)

. therefore, heat loss through conduction / convection / radiation is less
effective (1), resulting in a feel of an even higher temperature

Any twao sets of the following, mark the first t™wo sets il more than two sets:

. wind speed / air movement (1), higher wind speed increases cvaporation
of sweat (1)

. sunshine / light intensity / sunny / cloudiness (1), skin absorbs morc
heat radiation when the intensity is higher (1)

. precipitation (1), wetted skin loses heat te warter faster through
conduction and evaporation {1}

. o compensate for the water loss due to continuous sweating (1)
OR

. if the body does not have sufficient water, sweatiog may be cut down
and heat stroke may occur (1)
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Regulation of gas contro! in blood

2012pp(1b)
1.hy (i

(i

(i)

vy

2013(12)

At rest Light exercise Vigorous exercise_
Curdiac ootput _(dm'*/ min) 5.25 13,05 20.9
Ventilation ric__{dm’ / min} 12.04 40.08 100

Both the cardiac output and ventilation rafe increase with the increasing level of exercise.

These chunges enable a greater supply of oxygen und glucose to reach the skeletal muscles
forrespiration te produce more energy for contraction,

and speed up the removal of carbon dioxide and factic acid to prevent their accumulation i the
bodv and muscley respectively.

Duting cxercise, the sympathetic nerve innervating the heart is more yctive and increases its
output (releases more noradrenaline) / stimulates the adrenal gland 1o release mon: adrenaline.
This stimulates the SA node to increase 1ts ctivity,

thus mcreasing both the heart rate and stroke velume and hence the cardiac output.

During vigorous exercise, the person sweats more 1o prevent overheating of the bady.
The waler foss duc to sweating results in o decrease in the water potential of the bioad.
The pitutary gland 3¢ stisnulated to secrete more ADH imo the blood.
which makes the collecting duwts of the nephrons in the kidneys more permenbie o water so that
a greater proportion of water is reabsorbed along the csliecting ducts.
Hence, a smalfer volume of unne 1s produced.

SR

.(].)

. (@ () o sinoatrial (SA) node / pacemaker (1)
iy . the structure initiates electrical impulses that spread through the walls
of'both atria (1)
. prompting the atria to contract at the same time (1) @
the impulses then pass to atrioventricular (AV) node (1)
« which relays signals to the ventricular walls to initiate contraction of
both ventricles after the contraction of the atria (1)
(i) e blood flows from lungs via the pulmonary vein (1)
. and then enters into left atrium (1) @)
e as the bicuspid valve is open at this stage, the blood flows further into
the left venuricle (1)
vy = adrenal gland secretes more adrenatine (1)
*  which stimulates the heart muscle to contact more rapidly (1) and 3)

more strongly (1)
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2014(1b)
® O
(i)
(i)
(iv)
2015(1b)
® O
(i
@iii)

left ventricle (1)

venous return determines the volume of blood available inside the
ventricle (1)

while the strength of contraction determines the amount of blood
pumped out {1}

coamraction of skeletal muscies especially in the limbs squeeaes the
veins (1)

increasing the blood flow from veins (1)

thus, more blood is retuming to the hean via the vena cava (1)

breathing depth in during exercise (1)
the thoracic pressure becomes more negative (1)
10 assist the upward movement of blood along the vena cava (1)

because marathon ruoners have 10 run a long distance than 100 m
sunners, their muscles need to sustain contracions for a longer time (1)
if they run at the speed of 100 m race, the oxygen sapply to muscles will
be insufficiest (1)

muscles will carry out anaerobic respiration (1) 10 produce lactic acid

as a result, lactic acid accumulates in the muscles (1)

leading t0 muscle fatigue (1), i.e. the muscles fail to contract any more

increase the nervous output from cardiovascular cenure of the brain to the
pacemaker (1)
increase the secretion of adrenaline frem adrenal glaads (1)

increase blood fow to skeletzl muscles can

supply more oxygen and mutriens to the muscles (1)
{or respiration fo provide energy (1) for muscle contractions
and 1o remnove carbon dioxide (1) from muscie at adequate speed

muscie contractions/exercise produce heat (1)

thermoreceptors in the hypothalamus / skin detect the increase in body
temperatore (1)

heat loss cenwre in the hypothalamus is stimulated 10 send out nurve
impuises (1)

to cause vasodilation of the arterioles near the skin surfece (1) to increase
the bleod flow to promete heat loss

M
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2016(1a)

1.

@ @

@)

(iii)

OR

2017(1a)

1.

@ ()
(i)

(iii)

)

2)

m

)

“e e Q

The longer the duration of vigorous exercise, the more the contribution of
enexgy from aerobic respiration / the shorter the duration of vigorous
excise, the more the contribution of energy from anaerobic respiration (1)

» giycogen — glucose — lactic acid / lactate + ATP
L J

L —
T

W 0

* toprovide extra oxygen(})
« for the breakdown of lactic acid / lactate produced (1) during the
exercise period

more sympathetic nerve impulses will be sent to the intercostal aud
diaphragm muscles (1)

for faster and stronger contractions (1}

that increases the breathing depth and rate / ventilation (1)

for rapid gas exchange / loading of oxygen to the blood (1)

more sympathetic nerve impulses will be sent %o the SA node (1)

for faster and stronger contraction of heart (1)

that increases the heart rate and stroke velume (1)

for rapid supply of more blood to the muscle (1) for continuous
conwaction

motor area of the cerebrum (1)

. high / increased concentration of carbon dioxide in blood (1)

. when she held her breath in water, the body cells continued to
produce carbon dioxide thwough respisation (1)

. however, the carbon dioxide could not be excreted through
exhalation durinyg the breath holding (1)
as a resuit, carbon dioxide accumulated in the blood

. the high concentration of carbon dioxide was detected by the
chemoreceptors at medulla / carotid body / aortic arch (1)

- this, in twm, stirulated the respiratory cenue in the medulla {1)

» more perve impulses were then sent to the respiraiory muscles
(ke intercostal muscles and diapbragm muscles) (1)

- the respiratory muscles contracted faster and more powerfully (1)

vasoconstriction of arerioles in her skin occurs (1)

this teduces blood flow to the skin surface (f), thus lower skin
emperature

to reduce Beat loss to the sumounding / fo conserve core body
temperanure (1)

shivering ([}

the respiration rate of muscle increases (1)
1o produce more heat (1) to increase body temperanme
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2019(1b) Hormonal control of the reproductive cycie

b W . cardiae output remained more or less the sume ¢ slightly increase in the 2012pp(ia)
hydrated group over the course of experiments but dropped continually 1 (a) (i) ovelation” 1
in the dehydrated group (1)
. as cardiac output indicates the amount of nutrients and oxygen supply (1) iy A high LI fevel stimulates the tuptared follicle to develop into a corpus lutcum (yellow body) 1
to skeletal muscles

afier day 1.

. fer respiration to release energy (1) {5) The production of progesterone by the corpus lutcum accounts for the continuous tise in plasta 1
10 support the muscle contractions (1) cencentration of progesterone from day [3 ovwards.
. therelore, the constant supply of energy to muscles in the hydrared group The high level of progesterone (after day 28} indicates that this woman is pregnant and the corpus |
allows themm to maintin the cycling speed while the decreased energy lateum continues te produce progesterone.
supplied o muscles in the dehydrated group resulied tn their faiture in . o ) ) . .
maintaining the cycling speed (1) (1) Asignificant drop in ihe progesterane level will cause miscarriage / cause the detachment of the 1
uterine lining ¢ (ngger menstruation.
(i) (N » stroke volume (1} n ) .
tiv) A high progesterone level after day 14 causes the levels of both T'SH and LI to become Jow:, |
2 o without replenishment, there was a net water loss in the dehydrated Ata low level of FSH and LH, there is no follicular development / oo maturation of cgg. 1
group because of continuous sweating / breathing during the and henee no ovulation will wke place. . !
course of experiment (1) e} Thus, progesteronc can be used as a drug for contraception.
. this Icads to the drop in their total blood vofume (1), hence siroke
volurme 2013(1b)
5 b} (i = high level of progesterone inhibits the secretion of FSH (1) and LH (1
Gi) = the stroke volume of the dehydrated group was lower than that of the ® O ﬁ_ogh he pi Prog @ M
hydrated group (1) ° :hem l‘ofrpllnet:ryof FSH is not sufficient to stimulate follicular
e thus, the heart rate increases 1o compensate the decrease in stroke volume ) u ")
! the heart needs 1o pump faster 10 keep a high cardiac output for *  development() . . i
supponting the exercise (1) the low level of LH is not sufficient to stimulate ovulation (1}

. as a result, no fertilization takes place (1)

(i) (1) » breakdown of uterine lining (1) which may lead to possible @
miscarriage / abortion (1)

(2) e« progesterone maintains the thickness / thickening of the uterine
lining / increases vascularisation / blood supply (1)

e soWat the placema f embryo can tch 1o the wterme fming more @
secorely (1}
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2015(1a)
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(2)

2019(1a)

1.

@)

)

Gi)

(iii)

(1)

Any pwo of the following:

sperm cournt (1) / abundance
appearance of sperm {1) for abnermatity
motiliry of spenn (1)

M

@

)

th

-

-

there should be a surge / an increase in the levels of FSH and LH
before ovulation (1)

such that there are enough FSH to stimulate the development of
follicles in the ovaries (1)

and enough LH to irigger ovulation (1)

both are essential to the fertility of a woman

to make sure that the oviducts are not blocked (1)
50 that the ovum and sperm can go through for fertilization (1)

this shows that the uterine lining has not broksn down in the last
cycie (1)
which indicates possible implantation of embryo (1)

the yellow body cenmnues to secrete progesterone and oestrogen
)
these hormones maintein / firther increase the thickness of the

uterine lining (1)

therefore, there is no menstruation

the corpus luteum / yellow body in ovaries degenerates (1)
Jeading 10 a decrease in the production of aeswrogen {1)

oestrogen is secreted by the developing follicle in ovaries (1)
resulting in an increased oestrogen level during this period {1}

w Graph 1, the level of FSH inereascd as the level of oestrogen
decreases in the later period in the first cycle, swhich corresponds

1o the ocstrogen treatment in (he 3% cycle (1)

following treatment with additional oestrogen shown in Graph 2,
FSH level rematned low (1)} as long as the women teccived

oestrogen injections

FSH Ievel started 1w risc again afier the oestrogen Ureatment was

swopped s discontinued {1}
tius showed that oestrogen has a negauve feedback on FSH level
inhibits the production ! selease of FSH (1)

oestrogen in contraceptive pills inhibits FSH production. as a

result, there will be no follicle descelopment (1)

therefore. there will be no mature vgg for ovulation / ne ovuition
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