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HOMEQSTATIS

o Homeos/af/‘s re/;:rs 1b The mainfenance

of a conslant inTernal envivonment-

4 Homeostatis can be subdivided inlo .
@ Homeostatis in mammals
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@ Encretion and nifro Jcﬂocls wacle
/Droduc&

@ @ Panereas and contwl o f blood ﬂ/ucagc

@ ('dﬂlys aﬂo/ c),(‘ma’/(ﬂu/af/an
O Skin and /hermoreﬂa/affm
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O @ Urea

< 06 Unic acid
>

E" Mammals ( n(/ua/mi humans ) /onmaw I(lf

excrele uvea as e n /?ajmous wacsle -

Page7



Code: A2B- Homeostasis
'ohammad Hussham Arshad, MD

HEUSER

x Given below is o Jummm’({ af how urea

/s /D radurec/ :

amino aclds

- Deamination

kffé acr'o( N”;

UREA

BEEEXN

@ Amtho acrde oma/eoﬁo deamivaiion fo
ﬁm NH;

@ NH; s used in The uren c.lcfe Jo ﬁrm
uzrea -

Page8



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

DE AMINATION

¥ occurs /ow'mm './17 in The liver.

4 dt/;ﬂm{ as fhc femam[ 0/7;)6 armne
& imu/) fmm The amino acid i e ﬁrm
4

& of ammonia -

O de aminase
< c'n/’
me
amino acidl + 0 .%—» kelo acid + NH;
A
: e
/
IiN-—?-CQH « #HO O—T)K—C-Cq_ﬂ + NH,
H -2H

Page9



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

¥ e kelo acid can be used in:
0O Lrebs ]c/e fo releace ene;?y Via

resf/r lon

l @ /vrmafton o/ //wosc

v e NH; Proc/u(ec/ is HIGHLY Toxic and

SN

s va /bf‘allv convevied infe ured via The

ool -~ o

urea ¢ )rc/e -

Page 1 O



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

UREA CYCLE

LWV N sl

¥ ako Jevmed as The ornithine c[(/e ,

y occurs in The hver

G

...!* Jummar/ 0/ the 7eacﬁbn.-

S

;N’,{; + (0, o— U7eq + H,0

¥ .b:‘sffayec{ formu/a af ureq :

olo[- -~ ofo

0
H\ n oM
//V —C-N
H Ny
(NH,), co

Page 1 1



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

NH; + (O,

Hy0
UR EH Cilrulline

UREA iy

H.0

o]0l ~ ofc g

¥ Urea is /e!.: fal!'c and less .('o/ub/e,
/n waler than ammonia

1 Urea /s prima n'/y excreled via :(’méoeys.

Page 1 2



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER
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¥ Humanc ﬁ N u7ic acld from brea éc/awn

. 0f puine bases in The liver

8% The protess occurs in The liver and is
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@ras: ana/bmz of the Un'nafz Syslem

% Mammalian umm? :ysEm /& made up Of:
0 a /bair of kr’a/ney:
e ©a pair of urelers

s G a bladder
@ a urethro
® associaled blood veccels.
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Renal Hilum

Renal Artery and Vein -
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— Bowman's capsule (keral capsate)

—s Proximal convoluled Tubule
—2 Lovp of Henle
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— Bowman's capsule (keral capsate)

—s Proximal convoluled Tubule (PCT)
— Lovp of Henle (Lof))
— Diclal  convoluled Tubule (DET)
— Coflechhﬁ duct (CD)
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Q: Describe the structure of the kidney including
the associated blood vessels ? [ 8 marks ]

Ans: The kidney is externally covered with a tough fibrous
capsule.Each kidney is supplied by a renal artery which is a
direct branch of the aorta. Each kidney is drained by a renal
vein which enters into the inferior vena cava. A longitudinal
| db f-;section of a kidney reveals an outer cortex, a central medulla
amNd the innermost pelvis. The pelvis narrows to give rise to a
reter. Each kidney is made up of numerous nephrons. A
ephron is a functional unit of the kidney. The parts of the
ephron within the cortex include the Bowman's capsule, the
PCT, the DCT and part of the collecting duct. The parts of the
ephron in the medulla include the Loop of Henle and the
emaining part of the collecting duct. Each nephron is supplied
by an afferent arteriole which gives rise to a capillary network
ermed as the glomerulus. Blood leaves the glomerulus via the
fferent arteriole which gives rise to another capillary
etwork known as the peritubular capillary network.
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Jencliors of a Kidney
+« Jhe woles of o kr'a’ne, tan be summarised
ino The fol/owﬁoy :
2 () Urine /br/m{fbn
O Os'moreju/a tion
O Mainlenance o f blood pH

@@ Eeﬁdfa//on of blood prg.cruw
@ k’ﬁa/af/br) o/ M/Y/ salls .
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o

Afferent
arteriole arteriole

1. Filtration
2. Reabsorptio
3. Secretion

Peritubular
capillaries

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion
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x Urine f ormat ton volves Iwo main J/aies :

A Uiira /f//'}a fin
@) Selective Reabsorption

A- Sile of

BEEEE N

ullrafilliation
| sile
of
B- Main sile of 7eabso;/>hm
. 0
selective wnler, and
7cabsof;>i'fon ot
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4 Ullra fr'fl' ration /s a /mssz'Ve process -

4 Selechue 1eab.¢oyf>hon s an active

PYocecs

I* Before we move on To The cletails of
>

=) ulln afnl/%ahon y lets undersiond ihe
& slruclure af the f:/Tm{Ion barner .
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x y?‘/ﬁaw‘ion barvier = A + B + ¢

BEEEEN

o A = endothelium of The ﬂ/omm/«s

e B = baserment membrane

(= c/o///)e/:um o f The Bowman's
capsule (made up> o /[ Specia lised
Cl/)i//re/c'al cells Enown as
foa/ocyTé: )
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* Blood has To pass ﬂnauih all thvee af
these /aJcrs bcfom it yeifs ////é'rea/ inlo

lhe Bowwmans ca/JSur/e af e m/bhmn.

&y
ﬁ Jhe endothelium of e d/o'mm(/us
&

? (ca/):'//my) has endothelia( pores aboul

& 10 mm wide

s he C/m’f%e/mm 0 f The Bowmans caﬁsu/e
/5 made up af cells with 'faot"- ke’

Praces:es =5 thus feamed ac padocyﬁs -
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% Jhe fi'//fdflbn /il within he
C/)I'/he/rllm are 25nm m‘dc.

¥ Basernent membrane s The MosT
& !mpoeiAaNT /ayer in The /f'//i'a{/bn barriey.
74
J{- is made up of connective tissae
O

‘) canfaf'm'n7 colla gen besides oer

@(am renls .
7°

¥ Basernent membrane /s /}n/)orfaﬂf /5/

'fm) 7easons :

@f1/7;me/y Jma// /)ore s{je
@ il 's ﬂ(ﬁaf f'l/e/y C/)aqj(d
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NORMAL  {ilfration baziiey , The fallowzh?

gnevey pass ﬂwough The /://%a{ron barrier:

@O Ked Blood Cells
@ (la 7/3 /J/arma /om}%/hg
( haw‘ni a MW > €600 Da)

% Mi- Molecular m7/7/'
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ULTRAFILTRATION

¥y Mﬂmﬁ"ﬁa tion is a /Oossivc pressure
defma'cnf process i Va/w’n; //'//7"0: ton of

&

.Sma/I mo/ecu/es (bo/‘h UIC/U/ aﬂJ Wﬂ‘fe)

Hwou?h The f/'/ﬁm‘/'on bnm'er.
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4 fwamf/er 0 f useful substances f:'ﬁ‘erea[

include: - ?Iumrc
2- amino aqcrgs

2- waler
4= mineral rons

5- small /)mié;‘ng ( 2 60kDa)

¥ ccmmp/es 0 f wasTe subslances nclude :

I- (rea
2- Creatinime

©
<
>
B

3- Excess waler

4 - Excecs 1ons
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x Jhe /0 l/awmi ﬁ(/&‘fs fhf/umre lhe net

u/fmﬁ'/fm{ fon /)fessure :
A Hydrstatic  p pressure( HP):

g + HP of Ihe ﬁ/omeru/u: (Hy ) favoure
uﬁmfrﬂ?afron

I:r HP of The Bawmanscayarule (HPac )cy/mes
E
@

&

alffaft//— ation .
2 HpP is The /brcs.cure due b waler

within The J/omcru/us /Bawman.{- apsd le
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8- Diameler gf The arlevioles
+ Jhe diameler of lhe a//ermf arleriole
(s wider than The e/(/erenf arleriole .

4 j/le narrowey  cliameler of e (/ﬁ.,,mf-
arleriole heflos build uf ﬁydm.c/&f'r'c

DEEEXIEN

pressure within The ﬂlom(m/uc.
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C - Renal blood f/ow

4 Jhe ﬁreakr The 7enal blood flow , 4
& im,re,. e The blood f/ow in the ﬂkmfmb:.
%

%4 =+ and e j:’ea/?r /s The (7}0905,50’(7?:
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A Qmﬁsr senal  blood //ow fhereq f/%r
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Nﬂéﬂfw and 4engl b/cx;_d Floar...
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7
he blovd lowawds mc}/'or oTans such as

45
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&6/ed/'ve /em bJOfé tion

* Selective ma(a.ror/oz‘/bn e an active

process inva/w‘ny rcabsar/)z‘/'ar) of useful
Subd’an(e.s (c ; f/wm) f //(‘real fram fh&

i/ommc/us info The Bovwman's ca/o:u/e

*c‘ram,o/as of u.refu/ substances #hat are
58/86/7"/6/7 seabsorbed include :

a) ﬂ/u(ow
b) amino acids
) small /0707'2"75 (< §8kDa)

d) waler (variable)
e) Na* and other useful ions (vaviable)
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wThe main sile Of se/ec/fi/e 7606!0770?'1'0)7
is The /amx/'ma/ cornvoluled Tfubule (PcT)-

s PCT veabsorbs :

" 0 1007 lucose The fuid
. A, /007- amino acrds /em/m7 ma
PG 100/, small proteins PCT therefore

@ 60-707 Na* and waler) 12 VO glcose ,
{
>

amino acids or

small /Dra‘hefns.

E
Before we unclersland how these substances

are 7eabsorbed ,lets understand the
struclaral features of lhe PLT , which

make (t suitable ft;r selective
reabso rpz'?bﬂ -
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* Main fealures of PCT cells;
Q) Microvilli on e luminal membrane
(which form a brush border when
obsewed under microscop y )

l@JnfDIdm?s /mvafna{;ans on fhe baso-
8) (aleral membrane
i ® thf Juncfions belween w.//hcmt cells.
E0o Numerous milochondria within PCT cells.
® T luminal and basal membrane has
numerous [ amforl‘ /)'mferhs-

© PCT is surrounded b” /Jen/'ubu/ar
capi ”m’” network .
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& How do these <lfruclyral fea/ire.s assisl
in seleckve reabso rf) tion 2

@ Microvilli increace The .swﬁvce area

& available for /'fans/wrf pro feins 757a:3’ac(

[ar selective 7eabsar/3hbn-

ﬂnvagm ations /ncrease The .swface area
4

) avarlable far /Fam'/)a rf /orafem.c regm’rcd

Eﬁ;r celective 'n:ahcmfhbn.
w 77'3 ht J'uncfmns serve Two funch'ons :
a) /)Ta/eﬂl' 'ﬂve /umfna/ f/m'a’ fwm mixfﬂg

with inlercellular flufcl-
b) /Jrevent' [he ml'gmi"bn Of luminal

or bﬂSD,a,éf‘ﬂ[ 7';'61)0:/307‘1 PYO’fClhs.
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@Milochondria pro vide ATP via aerbrc
res/bim{/'on. Jelective ?’cab.ro77)f7'on s an

active /Drocess .

&)

F’amfmr‘f fro/E/'ﬂs /(7-9 Na™—t +/oum/>:
= channel /)mlc/'ng, ele ) cnable 7cabsat;bf7'0n
of ol,f/eym[' solules such as //waea

Eormino acide, el -

© C a/)l'/lary nelwork cayries away e
substances reabsorbed (6 The main

civeulation.
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C§> a) The mammalian kidney is an organ involved in homeostasis.

Explain what is meant by the term homeostasis.

=]
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Fig. 1.1

() With reference to Fig. 1.1, name structures A and B.

(iD On Fig. 1.1, use label lines and letters to label where:

U — ultrafiltration occurs

L — the loop of Henle is found v

C - blood urea concentration is low. |_.

HEUSER
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(a) Fig. 5.1 Is a photomicrograph of part of the cortex of a kidney.

(P On Fig. 5.1, use label lines and letters o label
G - the glomerulus

L - the lumen of the Bowman's (renal) capsule
(2]

(i During ultrafiltration, components of blood in the glomerulus with a relative molecular
mass grealer than 68000 are prevented from passing into the Bowman's capsule

Name the structure that acts as this filtration barrier

2acement membrane.... i

(b) The glomerular filtration rate (GFR) is the rate of flow of filtered fluid through the kidneys per
unit time

The afferent arterioles supply blood to the glomerulus of each nephron within the kidney
and the eflerent arterioles lake blood away from each glomerulus. The lumen diameters
of the alferent and eflerent arterioles have a large effect on the GFR. Normally the lumen
diameters of the afferent and eflerent arterioles are different, but they can change 1o increase
or decrease the normal GFR In response to changing conditions

Complete Table 5.1 1o indicate whether the GFR Is normal, increased, or decreased for each
combination ol arteriole diameters shown

The first row has been completed for you

Table 5.1

afterent arteriole lumen ellerent arteriole lumen
diameter diameler

GFR

normal normal normal

decreased normal

normal Increased

Pagez 3
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QUE’.SZ%T) 4;

(a) In mammals, excess amino acids cannot be stored in the body.

Outline the formation of urea from excess amino acids by liver cells.

) The mammalian kidney is composed of many nephrons.

Describe the process of ultrafiltration in the nephron.
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an o.rmo/ari/:; of 300 mOsmyL . The f/m'o/
/eaymi‘/};e /aalo of Henle hac an scmoln ,,'/"7'
of 100 mOsm L
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(b) Table 1.1 shows the quantities, per day, of some of the substances that are:

* removed from the blood by ultrafiltration
. reabsorbed into the blood by the pct
excreted in the urine.

Table 1.1

and units blood from pct In urine and units

+ - T‘ -
urea 56.0 g 46.4 J 30.0 g
water 180.0 | dm? 99.2 | 14 dm?

.

sodium ions | 25200.0 | aritrary 99.4 . | arbitrary
units units

glucose 800.0 nmol 100.0 . nmol

quantity removed percentage ‘ .
m substance by ultrafiltration reabsorbed into GURNERY Sxerees
€

Complete Table 1.1 by calculating the quantity of sodium ions excreted in the urine.
Write your answer in the table to one decimal place

Show your working in the space below.

25200 x 99-4 _)504¢-8
00

25200- 2504R-8 = 15]2

HEUSER
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QUCSfFOn b:

(b) (i) The urine of people on different types of diet was analysed.
* people on a low protein diet had a mean urea concentration of 2.40gdm=3
people on a high protein diet had a mean urea concentration of 14.76 gdm™.

Calculate the percentage increase in the concentration of urea between the low and high
protein diets.

Show your working.

& 1476 -240 x 100/ = 515 /-
7 -

&

O

4

A-40

answer

> (ii) Explain why an increase in the quantity of protein in the diet leads to an increase in the
concentration of urea in the urine.

44
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1 (a) Fig. 1.1 represents part of the wall of a proximal convoluted tubule (pct) in a kidney nephron

not to scale

blood cells of
capillary pct
/_)H f—%

Fig. 1.1

(i) Name the features of the wall of a pct that are labelled A and B in Fig. 1.1.

" m(crow;///f ............................................................................................
- - ﬁ?/’lf/ll")(‘/?od)’) ...................................................................

(2]
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fﬁfﬁ“ﬂ'ﬁ@” f’fﬁfzﬂ%ab The Pcr cells

* All /he g/uco:e 15 Je/eoﬁ'uc// reabsorbed
by fhe PcT cells .

bf Jhe fo//awm7 /s an outline af how y/um.re
is reabsorbed s

g O Na™—k +/0umff on the basolaleral
mgmbmnc ach‘yg/r /7Ens/bof/s 3Na™ oul

: and 2k* inlo The PCT cells /owcn'n7

infracellular [Na® ]

@ This creales a concentration ﬁmclfent

To allow Na® /6 move from e luminal

fuid 16 The PcT cells.
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@ /Vﬂf are (o/7an.r/Dor7?a’ info PcT” cells
a/oni with ﬂ/wo:e vie. Na™- ?/uco:e

CO/?am/ba rlers .
@ This mechaniem of ﬁ/um:c reab.wrff/'on

8 no e PCT cells is Kknown as Jecondap;/
<
M active /ﬁms/borf.

moves via fad'ltated

Glucose //)ereaﬂer dlfﬁl!‘lm fmm hhe
. PcT cells inlo The nelﬁﬁéou'm?? /Den-

fubular capillaries via GLUTs [ilucasc
/ 77a'm/00r7§rs) .
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per:’fubu lar

]0]- ~ ofc [

;a/vi'//ary
§(— —- <@ Pc7ecell (Na]
&

|| @ GLUTs
o Not 3luco:e cof?amparlér

__<’0_; Na"'-l- K -Pumf
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ﬁeabso&h‘on ef'am:'no acl.'a/g
@)% Amino acidls are reabsorbed mlo PCT
via secon dary active /fam/bo rl [ike ﬁ/u(a.re-

&3 Amino acrds fhereaﬂé? move via ﬁ(f’/l'fafea’
> zf{us:on ﬁam PcT inlo The nerﬁhbawmi

fenfubu/ar cay/)i//am: /h'rauﬂ/: carrier
/maTéms.
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/?cabmrff/bn fl[ waler

x—é‘n[.}y of Nat jnts PcT celle lowers The
b\ waler /Jofém‘fa/

* Waler the Yeaﬂér moves /ram a fe?/'on

|lura/ o he re//an of lower waler }Pafcrﬂra/
.mﬁ)m fte PCT cell via osmosis.

h/'ﬁher waler /Mf!ﬂflﬂ/ in the luminal
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K. caérore tion ﬁf Smal i pro feins
* Small /Jroféins ( L6€K0a ) ma/ id

fl//c- feJ #"maiﬁ r //'//mf/on barrier .
é-'\]}ma /Drak/hs are reabsorbed info PcT

cellc via. p /'nocylbs/s-
E’Jﬁey may be /;ya’ro/y:ea/ o amino
= acds which can move via /ﬂci/flalé’a/
d,‘//u:/'on 1‘/»10(74 carier /o roteins inlp
na’/hbou rin7 /er/}‘ubu/ar captllanes.
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* Jhe ferm osmo/an‘g means Concenialion

¥ Osmotartly of todfly £lude & /m‘a"’m’f fy
a@/crmfnz /‘ Na ;'j f

¥ gmdafy 12 measured 1h mOsm [L.

O Ocmolo 7 o blood plasma 3 eguol fo

300 mOsm/ ..

*LZ. re below SHows The vardalion 7L

4

o

NN

ortly of the fubcilar ( lumcnal) AHul
. IS a mrgcs /:'wujﬁ The Bomnmk/c:{/bsqk
@ Gﬂd 7"78 PCT:
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LOOP ff HENLE — STRUCTURE

¥ LM/D af Henle s a tabular slruclire
Praenf within the medulla -

& I exlends fmm The end of PCcT HIl The

Efaﬂ" of DcT.
© Ne/ohfom are olivided o Two calegories
Mased onThe /eny% af he Laa/) of Henle:

Cortical ndEhﬂ?nS — with a shoyler /aa/b

of Henle

@ Jux fﬁmeda//arz nfhrons —s with o

7ela z‘f'ue/y /anger /oa/) af Henle "’“””’”i
dee/) inlo The medulla-
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© cortico mca/u//ary

J unction

" olo [
S,

@ﬂhﬂle /00/? f Henle (s made u/) of an
.as‘cma’m7 [imb anc/ o alesteno/p/7 limb -
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_I(Orbb» ) | _ " medullary

cell "

¥

meduﬂm‘fy

in!ém‘rﬁ'alc/
Il
@Jha /lm'a/ mkn‘nﬂ"/he /acy) of #Henle has
an osmola n‘/g of 300 mOsmfL . The f/uro/

leﬂw'ﬂﬂwye /00/9 of Henle hac an a:ma/ari/&
of 100 mOsm/L-
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¥ \77)6 mam /f’a/l?res 0 f e a/e.r(ena/: '177

[imb are :
0] lesmeable 6 waler and ;;npermeab/e
fo rons: Jhe h:ﬁh /Oermcab;/: //’ D waler Is

)
ldue To The pmcmce of aquaporms within

Ifhe membranes af The ce/fs lmmy

descenaﬁnﬁ [imb .

.‘Con(mﬁa/&: he luminal f/mc/ as waler
/s reabsorbed via fac[ftated diFfesibn.

@ No enerﬁ % 7@“!’:&'4 far 7eabso rpﬁbn
of waler.
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¥ Jhe main fea/' res of the as(endmi

[imb are :

@Jmfermeab/e o waler but /aermeabla
5 fo ions due To The presence of NKcC '/mm/as
ﬁ within the membranes af lhe cells Immy
the a.(cendmg limb -
I NKcec — Sodium- po'fassmm chloride /Dump
@@ Dilures The fuminal fluid due o
o reabsoy)f!on 0 f Sodium ,,oo/amum and
chloride ions .
©), 2°nerw s 7e4}w'r:c/ far feab.ror/bﬁbn
of jons in The farm af ATP.
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£ Medu l/ary inkersefhal Aﬂ /s The fissue /{um{
eraunc{m? the cells within The medulla.
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O Jhe cells //'mhi the c/e.ctmaﬂh7 limb 0/[
the /00/0 0}[ Henle have numerous azuafor,‘ng

which enable waler o move via ﬁa//'fa/éa/

&

a/r'ffusian info The inferstitium -

&

BYC) Waler moves out of The luminal f/u/b/

such that the concentration o][ the luminal

f/urd is The same as the aa}'acenl‘
ilerstitial flufd.

@ Since the des ""’””/"’7 limb rs /mpamcaé/e
Jo ions, the luminal ﬂm'a/ ycfs concentraled

as ifs moves down the a/escena//hy limb .

o
B
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@ Fhe fuminal //u i reaches a concenlration
of 1200 mOemfL at the tp of Loop of Henle.

6 Fhe luminal //m‘a/ ﬁ”} diluled as it
& moves yp The a.rcem’fn; limb .

) Jhis is due To The active /Oum/;my of
./Va*/l /Cl /‘rom e laminal ﬂwt/ inlo The

No' K¥201”

.lnfeﬂfn‘lum #mug/! Nkce pumps -

@) These /Oumlos Aave q cafac//i af
mamfam,hi a gradent of 200mdem/L

at each hovzontal level
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@) However, The counter- curyerit /low of
The f/m’c{ in the a’escenc//h? and The
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Ve rﬁm//i acyoss the medulla

O
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mu/f/])/l'cr mechanism -
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ADH m d&morgﬁ ulation

(v n)
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4&7" anti - diuresis” /rfcral{y means reduction
A he volume of uzine excreled "
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= Individuals with Diabeles Ineipiolus
have the /9//0 m’ny Jfl'yns and :ymp/bm.c:
i) Production of '5-20L of uzine per c/ay
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@ o sezures, /oc:manmf brain o/amage
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Q1: Describe the process of ultrafiltrationina
nephron ?[ 6 marks ]

Ans: Ultrafiltration is a passive process which involves filtration
of useful and waste substances from the blood plasma into the
Bowman'’s capsule. Useful substances which are filtered include
glucose, amino acids, small proteins , salts and water. RBC’s and
‘ large plasma proteins (>68kDa) are never filtered through a
normal filtration barrier. There are three layers which
collectively make up the filtration barrier. The include :

a) the endothelium of the glomerulus which contains
fenestrations, b) the basement membrane, which is the most
important layer. Basement membrane is negatively charged
with very small pores. c)the epithelium of the Bowman'’s
capsule, these epithelial cells have foot-like processes and are
therefore termed as podocytes.

=

The hydrostatic pressure within the glomerulus is the most
important factor enabling ultrafiltration. The narrower diameter
of the efferent arteriole compared with the afferent arteriole
helps build this hydrostatic pressure. The waste substances that
are filtered include urea, excess water, and unwanted salts.

B R 0N
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Q2: Explain how glucose is reabsorbed into the blood from a
kidney nephron ?

Ans: All the glucose is selectively reabsorbed in the
proximal convoluted tubule. The process requires energy
__ in the form of ATP. Sodium ions are pumped out of the
d‘_’)\ epithelial cells of the PCT using the Na'/ K" pumps on the
basolateral membrane. This lowers the intracellular
sodium ion concentration . Sodium ions therefore move
down the concentration gradient from the luminal fluid
& into the epithelial cells via sodium ion glucose co-
transporter. Glucose therefore gains entry into the
epithelial cells. These glucose molecules move via
il facilitated diffusion through GLUT proteins into the
@ neighbouring peritubular capillaries. The microvilli
present on the luminal membrane and the invaginations
on the basolateral membrane maximise the surface area
for selective reabsorption of glucose.
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Q3: Outline the role of Loop of Henle in
reabsorption of water and ions?

Ans: Loop of Henle has an ascending limb and a
descending limb. The descending limb is permeable to
water due to the presence of numerous aquaporins.
This allows passive reabsorption of water. The
descending limb is impermeable to ions which causes
the luminal fluid to become more concentrated as it
travels down the descending limb. The ascending limb
is permeable to ions but impermeable to water due to
the absence of aquaporins. It reabsorbs sodium,
potassium, and chloride ions actively using NKCC
pumps. The Loop of Henle maintains the medullary
concentration gradient in addition to reabsorption of
water and ions via the counter current multiplier
effect. The term counter current refers to the opposite
flow of fluid in the two limbs of loop of Henle.
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Q4: Explain the changes in concentration of
glucose in the PCT?
Ans: The glucose concentration within the luminal
4l fluid decreases to zero within the proximal
convoluted tubule because all the glucose is
selectively reabsorbed within the PCT.

m BN

BE

Q5: Account for the constant [Na'] in PCT?

Ans: Sodium ions move into the epithelial cells of the
PCT via cotransporters and channel proteins. This
lowers the water potential within the PCT cells
enabling the water to move into the cells via
osmosis. Therefore the concentration of sodium ions
within the luminal fluid stays constant .
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Qé6: Describe and explain the changes in the
concentration of Na' in the Loop of Henle?

e Ans: The concentration of Na ions within the Loop
g of Henle increases and then decreases.The
descending limb of the Loop of Henle reabsorbs
water which causes the sodium ion concentration to
'8y increase until it reaches its maximum . The
Ml descending limb is impermeable to sodium ions. The
ascending limb reabsorbs Na“ions actively using
sodium carrier pumps which explains the decrease
in sodium ion concentration as the fluid travels up
the ascending limb . The ascending limb is

impermeable to water.
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'Q7:Describe and explain the changes in [urea]
 along the nephron.

G

Ans :

0] ~ 0]o
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"1 mammalian kidneys, the loop of Henle is closely associated with the process of
7 smoregulation.

D, ) Explain what is meant by osmoregulation.

waintain water Pof’mﬁa( of inlemal

envivonment
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In mammals, the water potential of the blood is constantly monitored by osmoreceptor cells
in the hypothalamus of the brain. When the water potential of the blood decreases, ADH
(antidiuretic hormone) is produced by cells in the hypothalamus and released into the blood
via an endocrine gland

Explain what is mearaby the term water potential

Yen ency of water wolecules [o
leave..Q Sjs‘h?m

Describe the effect on water potential of adding solute to a solution

becomes |owey (3(.1& mofte wcaoxﬁue)

State precisely where 'ADH is reltlaased.mto the blood
Fosl’eﬂowf \‘Mul lo'\"n} alawd

The decrease in the water potential of the blood is sometimes due to the loss of water
from the body of a mammal

List two ways by which water may be lost from the body.

Sweat 9 uzine
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) Explam the role of the collecting duct in controlling the water content of body fluids.

beimeabilily Dr collecting "t vVaries-

__________ o ﬂfﬁ‘@rp’fﬁ{-}-’

. []?: blm)d waTey O kr’ﬁ!aﬁ is low, mo7e waler
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QIGSH’OO 4 ¢

m:omplete the following sentences about osmoregulation

n mammals, the water potential of the blood is constantly monitored by

A )
09/704(2(6/'//’/@2{{ in the hypothalamus of the brain
y

called /4},/)/4 in the cells of the

hypothalamus increases

o1 Ry hnd
This hormone is released into the blood via the /79%37&7 /j /’Z// ]LC()/}/ 7/"( [
/ -

v/

0 When the water potential of the blood decreases, the production of a hormone
<

This causes the kidneys to retain more water until the water potential of the blood

returns to the set point

o, ~ /
@ This is an example of a 77874’/7//8 /Aﬁf{/ﬁJCK mechanism
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(b) Describe the action of ADH on the kidney

o affccfs__ collecking duct
. bmd\a To 7’&@{)1013 on cell Jurfacc mc’_mbrane
o activales series of en3jme— _coﬂ’uoliec'
veactions
ho_; L\ov(flme cauges vesicles o move
’\owa’\EdS cell wembvane
e vesicles c.ontam(v‘\? uaporins _fuse
o mMembYane more Oj ble Fo waley
o Waléy Moves OMFP lumen
e dewn waler ‘)Oh’hal Dmdlewl

.-[5]

(c) Diabetes insipidus is a condition caused by an inability to produce ADH or by the kidneys
being unable to respond to ADH

Suggest symptoms that may be experienced by a person who has diab&tnsgj;yndus

£ large.volume .of e f s
£.ch Ya b !— Gy o7

y_ inereaed At
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(c) Describe the roles of the hypothalamus and the posterior pituitary in osmoregulation.

gelnwﬂev
__potential bu osmoteceplors

«hen less Vwaler, inblood "y ADH veleased

.o Colle

din duc’tm’reﬁevmwblﬂ
e ADH colices morve waler veabsorption
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9. shows the water potential 0
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-500

-1000
water _
potential
of renal 200
fluid
kPa
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HEUSER

e loop 0
A - proximal convoluted
tubule

B - midway along
descending loop

C - apex of loop

D - midway along
ascending loop

E - distal convoluted
tubule

region of nephron

Fig.3.1

(b) Using the information given in Fig. 3.1, describe and explain what happens to the renal
fluid as it passes through the loop of Henle

* B lower W than AB= -1S00 kPa
While A= -900kPo)
* wafer moves oul thyou
inTo.medullayy tissue V.
. D highey ¥ Hhoth C (D=-1100 kPov
whilﬁ@ = —-2600kPa)
« Noat/c1~ _move out inTo. medullo
Hssue. b«g achve me»«\g\-)_wt "

(c) Control systems often work’by using negative feedback. These systems require a
receptor and an effector. In the process of osmoregulation name the receptor and

effector involved. ‘
Receptor "\lé P 0 %\a\a m US (0‘; Wm(mg)

Effector ...... P\mlm’f ﬁ l(lw:& /[o// échno g[]u&
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QUfStz%n K

Urea is the main nitrogenous waste product in humans. It is made in the liver and excreted
by the kidneys in urine.

(a) Define the term excretion.

«—,  The kidneys regulate the water potential of body fluids. This is known as osmoregulation
@ and involves a negative feedback system.

Outline the role of negative feedback in osmoregulation.

¢ x Homeostalis
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@tfﬁs Eon 0%

1 (a) ADH is a hormone that is released into the blood of a mammal when changes occur in the
internal environment.

(i) State one change in the internal environment of a mammal that leads to the release

/?afg}b/cm’ 1)

QS 1 e

(b) Fig. 1.1 shows a cell of one of the collecting ducts of the kidney.

A

® ADH
from blood
capillary

&)
%
&
©
<

lumen active
VS phosphorylase

of

collecting
duct z

not to scale

Fig. 1.1

Name membrane protein A and cell structure B.
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(c) The phosphorylase enzyme stimulates structure B

Describe the response of structure B to this stimulation and describe the consequences of
this response.

¥ UBChes

,,,,, #. Q@ UAGPOATS. AN 0. .. il d......
............ fﬁé/ﬂbyfanc

[Total: 8]
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Q. n.

(b) Explain how the collecting ducts in the kidneys may reduce the loss of water from the
body (7]

Describe the role of ADH when the water potential of blood decreases.
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reach Tm ?

Ans: Tm is reached {07 Substances
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4 Fig. 4.1 shows a kidney tubule, collecting duct and associated blood vessels.

collecting duct

medulla

(a) Describe the function of the

(i) glomerulus;

(ii) peritubular capillaries;

X ferroves

glomerulus

peritubular
capillary

artery

vein

vasa recta
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(iii) vasa recta.

(b) Explain the role of the collecting duct in controlling the water content of body fluids.

&
Z
&
O
<

>

(c) Sugj?ﬁ two c}zadvam es of t

[Total : 11]

Page 1 7



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

Fig. 3.1 is a diagram of a section through the proximal convoluted tubule of a kidney nephron
showing details of cell structure, as seen with the electron microscope.
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(b) Explain three ways in which the cells of the proximal convoluted tubule are adapted for
selective reabsorption.

proximal convoluted tubule of the kidney.
{ & ,

. Chay

L/
CS) (c) Describe the mechanism of glucose reabsorption into the blood from the lumen of the
<

PR 1 Cd. /7
WEodoaen. e SLTHNINE ¢

[Total: 10]
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During the process of the excretion of nitrogenous waste in mammals, blood passes from
the renal artery into networks of capillaries called glomeruli.

Fig. 3.1 is an electronmicrograph showing the relationship between the capillaries and the
renal capsule cells, called podocytes.

capsule
space

capillary

Fig. 3.1

(a) Name structures A and B.

/
(b) Draw an arrow, on Fig. 3.1, to show the passage of fluid out of the capillary.

(¢) (i) Name the fluid that collects in the capsular space.

C?/OW&/@?K.././@//%CZ%

................ f enenesit L
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(d) Ultrafiltration involves the removal of small molecules, including urea, from the blood

LT ..

[Total: 10]
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xPancreqs /s o mixed 31«%4 :

A mixed ﬁ/ana( /5 a/eﬁma/ as a ﬁ/ana/

which conlains both an ¢ndocrine and

®an exocrine /oa rtion.

Jhe Jlet o f denier/)am constilule The

endocrine /oorf/'on af the pancreas.
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' Jhe acin ﬁfniu/ar — acinus ) constitule
the exocrine /Dorﬁfon of the /Jancn'as.
*¥ Jhe endocrine /oancrcas releaces iE%

Secretions J!’fecﬁ7 inlo the éfaoc/ Vas:rc/ :
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(a) An important function of control systems in mammals is homeostasis.

Explain what is meant by the term homeostasis.

(b) Insulin plays a part in homeostasis. It affects muscle and liver cells to bring about a decrease
in blood glucose concentration, particularly after a meal.

(i) Insulin is composed of two polypeptides which are made in 3 cells in the pancreas.
State precisely where in f§ cells polypeptide molecules are synthesised.

..................... )’-E/e (1]

(ii) Name the process by which insulin is secreted from § cells.
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(iii) Describe the effects of insulin on muscle cells.
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(a) Table 7.1 shows the effect of several events on the blood concentration of Q
insulin and glucagon in a healthy person

Complete the table using the words increase, decrease or no effect

The first row has been done for you

event
meal containing sucrose
meal containing only protein
fasting
exercising

meal containing starch

Table 7.1

initial effect of event on blood concentration of
glucose insulin glucagon

increase increase decrease

U%OUEC aferffacz mcmzz:
incredse.| Tncrease. d-cozaq,m

(b) The concentration of glucose in the blood is controlled by the hormones insulin and

glucagon

Describe the part played by glucagon in the control of glucose in the blood

1 -ﬁfama‘@ Qenoly s+

ﬂf(yﬂ? Z 7o),

: 9. Il
M’?an& COL ch—p3)
bafion- 700

e qlucese (39N e o)
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() Describe
the parts of the Pancreas involved in its endocrine function.
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...................................................................... [3]

(ii) bS;?;ﬁgsWecisew the group of compounds to which the pancreatic hormone insulin

ﬁééw/@”bmﬁfm .................................................... 1]
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g ules.
~ Production of glucose from non-carbohydrate molecu

1 from the
After & person ate a meal, the rales at which glucose was provided for ;eswalbfmmg this
three different sources were measured al regular Intervais over a 24-hour period.

period, no Tood was eaten.

Fig. 2.1 shows the results of this investigation.

ite al which glucose Is
rovided for respiration
/gh!

time after meal/h

Stale the time after the meal when
meal for respiration was the same
for respiration.

the rate at which glucose was pmvlded&%m'mlrz
as the rale at which glucose was prov

vided by
Stale the first time after the meal when all of the glucose for respiration was pro
gluconeogenesis.
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Name the homeostatic mechanism by which blood glucose concentration is maintained
al a set point.

............. ’Wyx’
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(i) anincrease in the concentration of insulin in the plasma;

Page 5



Code: A2B- Homeostasis
Mohammad Hussham Arshad, MD

HEUSER

Fig. 2.1 Is a light micrograph of a small part of the pancreas.

4.

(b) With reference to Fig. 2.1, explain why the pancreas is an endocrine gland.
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@/’ramofes /Drafé:'n
synthess and
/ :’/:mﬁe nesirs

&) Anabolic hormone

4

9

]

HEUSER

GLUCAGON
Keleased 6/ - cells

ue To A(ypoi/ycaemia

@ med issye —>

live#

Promoles 7/ucaneag_
tnesis ¢ alycajmolyﬂ's
Promoles frofein
breakdown andl
fl'f’olys is .

Catabolic hormone
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Mervous conlrol of blood i/"me'

ANNPLIRIPTS CANPANIN

- 1 [3’(1(036} — sends

nerve
impulses

potha/amus o ﬂ_fe”s

ecle Chanﬁ « velease INSULIN

blood (glucose |

\('[ 8’“‘0“61 — sends

neive
fmpukcs
fo x-cells

¢

release SLUCAGON
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DIABETES MELLITUS (DM )

¥ Diabeles Mellitus is a disease
characleyised by hrﬁfl blood ﬂ/ucosc

& ‘/e vels .
va/nn are [wo 7;'/ 4 df DI .
@) L‘7y/Je I Drabeles Mel)itus

o
@ J/ﬂe I Diabeles Meflctys

O
@*&Zl/n I DM 7eculle due To auloimmune

desfruction of p-cells.
=s decreaced nsulin f?’oc/ucfl'on
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¥ \7%0: 7 mm 7asu/E olue o INCREASED
insulin vesistance . I’ more common

m obese indivioluals with a /ami/y

B /’H.'S/é-?y af the disease -
d’! Jﬁanaiemenl' :

subcufaneous

: @‘7‘%( T — xuln ;ryccrons

> \‘ : [‘
/nlravenous

=) \ /'ry'ed'lbn

nasal Sp7a j
6 J//oe I —sDiet confrol
—-—)é‘ ACETTISE
| s Medicatrons
s Insulin
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*Jfﬁns and &'/M/)/O_m.!:

® Cxcessive /re uenc O]C uzination 600}' B
yra), /A///Vy? 7

w

s

Due lo excretion o f ﬂ/u(are in drine

ac it takes waler A/any with it

o excessive thirst ( /Jo{ydr'ﬁsia), WHY >

ool o

Excessive Pwduc tion of uzine-
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o CACesSsive hunicr (;oo/y/ohagr‘a ) WHY 7

Glucose cannot enler the cells n

diabeles  mellitus ( insulin ncreaces
?/uwse u/){ake n cells ) . Jhis 7educes
g the aerobic res/)iz’a tion of g/wa:c
decfea.sm? the 7ale o© f ﬁafma tion of

ATP- Jhe reducec merﬁ /orao/uc tion
leads To /go/y Phaﬁ(a,.
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owefyht locs WHY >
—s Fhere is ¥ u/075te af ﬂ/t/co.rc

- /5 yeakdown Of faf
E—-ﬁ Loss in éad/ mass -

) ¢ Zonﬁv - lerm Com/J/tZ'aZlbﬂs :
i — diabetic 7¢fmo/Jaf/7y

B - dinbetic nephropath

et peopainyg

> diabete ﬂwnpaﬂy

= drabetic vascular diceace

]
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85, rz"ne nd kssis
4 /.7
>
= v
Urine E{_z_-
defaded ”sz’ﬁ’
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URINE ANALYS(S

I i

¥ Uzine WC/“:‘ rc/ers fo the oletection

0 f certain chemical substances {hat

amay be /ore.smf in uzine

x Given below are the /ea/f(fe.c of a

O .
W normal uzine sample :

1) Urine is u.rua//y frangpm rent -
& ) Urea levels in a Jam/o/e af urine ae
u&ua//y h/ik-

IJ) Jodium 10Ns 9 oh/an&/g 10Ns 9 /OO{ZKIIZ(”L

jons and bicarbonale rons are us ua//)/
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excreled i minimal amounls in urine .

i) A moimal umine .ranyJ/e contains no

pmlefns, i/tltd“ s Kelones , RBCs , WBCs o7

__baclesa .
(o) |
/’/l abnmmaf Uy me .:am/a/e ma/

myontain fhe ﬁ//owm; chemical substances:
%) Glucose :

@4 éxcreimn of i/ucﬂ.re n drine s
yeterved o as y/ucosun'a-
¥ Qlucosuriq. occurs when the /:J/mmao

glucose fevel exceeds the renal threshold
/07 ﬁ/ucare-
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¥ -f'flﬁh bloodd pla.rma. ﬁ/wa,fc levels are
usua//y /vum( n indivicdluals who have

drabeles mellitus .
) Keloes
d‘? Excretion o f Kelones in uzine s
S 7¢feﬂec{ o as Kelonuzia .

<

> Kelonurion occurs in individuals who
=) have diabeles mellitus .

*Qluco;g q/;fake inlo cells 7¢dtk'€$‘ "
/oe,op/e who have diabeles because nsuli

/S 1676(!'/84’ f:” The Cn/;y af’ y/uco:e, /'nf(;
fthe cells.
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*Tis decreases The ami/ab/'/f/y of i/uam
W/’/ﬁm the cells /07 7&&0}'747/;@,1 :

¥ Lells, #herefore break down fals
which leads o /Dwducffon af Kelone

o)
dbo dres.

) Profeins

¥ Sxcretion of /070"/61}45 in the urine is
E 7e/en’ec( I as Pm/efnuw'a-
@

¥ Profeins that are /mfier in size than
68k Da oo not /ef fr'/fcnd ﬂqmuﬁh

The ff'//'mf/'on barirer. Smalley Profeins
thal are /f'ﬂenc{ are laken up via
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cndocyfar/s b} the PCT cells .

d pftjmce af /)70/ém m urne ma/ m7/77
a /)/vys/a/oyfca/ sesponse /o :

e ‘i) A(;’jly ?ﬂm@ exercle

was |

Zd i) Pregnanc

g

5 ) !ﬂ fever

07 it may indicale (’:bfney a(amayc

@Jccona/ar lo 7he fO//OW/ﬂg JB‘(G!&
/

condtions :

) Diabeles Mellilus

i) H y/ocr/Em/bn

il Glomeyulay Damaﬂe
V) /Vc/)/vrolf/'c Dan’)aic
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d) ABCs
X Presence o f RBCs in urine /s /érmec{

as Haemaluria -

o Haemalaria may be. clossifred as
Micm\rcopfc [nof visible o e nakec/

© e”e ) 07 macro.rcof/'c ( visible To he naked

cye )
B, zac. u.saa//(y clon’t Cross the //‘/ﬁafr'on

bariiel s fhcfe./ore, /JVcsence Of KBCs in

urine usuaq //y af'ﬁm'//}fs o cliseqce com/z'h'on
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& ﬂra(m;g 0/ EB(s in utine may occur
due To :

L :‘c/ﬂc/ a/amye ; for examples in cases
B 0 f 4 :dne/ Jlones, /Ve/hr/'f/'c syndiomc;
lecna[ Car(fndm or \770“ma'

Bl Damage s The urelers,such as,
<
d//vetic Cancer.

BYi) 8loader, /57 example ,in case of

Blagder Cancer
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¢) Wels and Bacleria

4 /7154'(,7(5 0}( Wg& m Uurime ma, lmP/y

in/ecfian 07 Mf/ammab'on :

a: Presence o f bacleria in urine J‘r’gm' ﬁes

/'n/ecfl'on .

8
N ¥ ”:ua//y /f a yirine Sam/a/e has

>
@ baclesia , o urine culluve ss done o

:’dml/fy The bacleria so that an
a/J/DTc}OWWé antibiotic could be 0fi/en.
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QY
=5

Applications gf immobilhzed 5/7;1;7,9753

ermobf/gca/ enJ/mes are /;‘reguem“// used
&)/ dici, diagnostic purposes- One
p n medicine /[07 /07n (c /D f

& ap/)/fcah‘on of The /'mmobi/:'jet/ e ymes
O
75 deléct ﬂ/ucasc concentration in-

U’/{'ne —— using the @Z&e Dip. stick
ii) Blood f/axma —u.r/'n7 G lucose I 4

With

Mohammad Hussham Arshad, MD
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ADVANCED LEVEL
BIOLOGY 9700
UNIT 14: Homeostasis

Learning Objectives:

e Applications of immobilised
enzymes

e Urine dipstick
e Glucose biosensors

Video Lecture 11 Slides
Mohammad Hussham Arshad, MD
Biology Department

Pagez



=]

HEUSER

# fmereas — strechure
) * /n.cd/z‘b, j/uzojon ond conrol of btao)
G

O

5
B ¢ Diberes %’//{%0 /Q#I
8 » [[sine /)nd/)/sr"s

=
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Applications gf immobilized cn%#mes

ermobf/gcc/ ens Jmes are /;'eguen f‘/, used
® in medicine /07 a/f'o?no&ffb Pusposes: One

a/v/olfcaffon of The l'mmobf/gec{ erb’ymes
O
75 delect i/uca:c concenlration in-

@ T a— ) T Q[we Dip stick
ii) Blood /)/a.fma ——mm7 G lucage Biosensoy
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* Urine di/xh'ck may be used o ama/ysc
a sample of drine for vazious subsbances

such as ﬁ/uw.:e y profeins, kelones and pH

—® 7/u(orc oxvase
—& peroxcaase
— /A K [ (bﬁyw‘é%)
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xCach substance is clelecled /hraujh o
d:f/erenf /Jad on 1he ol%dfo('.

x The paa/ that is used ﬁr delection of

® glucose s made up af celluloce and cont-

ins The fr)/lowmﬁ ;‘mmobi/zlsw/ en(j(ymes :

O .
B /) Glucoase oxidase
>

i) Pevoxiclase
Ok

+ Jhe cellulose pad also contains o

colousless 7educed Ch'fOn?OﬁCﬂ (AHz),

which chanies coloyr when it 3el§
oxidised.
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x The ce/lufa.se /oac( is coaled with a

layer af cellulose acetale which serves

The fa/lowfng fundr'ons.—

a)it prevenls the immobilis ed engymes

()
amd the reduced chmmaien fram /ealcm7

M'IOUﬂh The pac/ :

8
) I'f on/y a/fOWs ﬁ/ucosc mo/ecu/es fo
g)ass #nmuih so that other Jubs{ances,

such as /)roféf'ns /Dreseni' inside the
Yrine does not inlerfere with the resu It

* A urine Sam/)/e is taken and the
df/asffck s inserled inlo the Jam/)/e-
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a7
gz

F 0//awini redctions lake /)/a(e with the

E’;‘/:uﬁ'ck ff i/umu /s /ﬂeseni' /in the uzine:

Juase.
@ ogr.'dm
4
oxOag
> i
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¥ In he /r‘rsf reaction, ﬁ/ucosc ge?’é
oxidised in The /)n':er)ce a/ The enyme

lucose oxidase [o /omduce Wacam'c aeicl

nd A0, -

Jn The J‘ccam{ 'reacfr'on, H.0, om'dges
BYeduced chromaﬁm o produce a coloured
oxiclised| chromym in The presence o f

a

cn{]yme easoxicase .
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¥ Jhe m/en,c// f The colour /910ducea(
s />7opo7f:onal fy The concentration of'

ﬁ/ucoxe /)rescnf in drine -
Jdvanfazes ﬂf utine olies tick
o fasé/ To use ond s

* Produces rapid resulls

oj(' can be uged on :‘ndivia/ua/s, W/IO have

o]0 ~ ofc g

needle phobia -

o I is 7elah’ve/y inexpengive:
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Disadvan fdzes uzine d:‘esh'dc

o It measures e a/ucasc concentration
in the urine and will fhere/are ir’va a

positive lest only when plasmo. g/uw:e

Y oncentration exceeds the renal threchold

Jhe resulls are not ver” accurale -
iﬂre uvine clpsi'fck is discarded af lev

Euse and fhereﬁre cannot be 7eused
®

¢ The estimation of ﬁ/ucorc concentration
/s made Horou’h colour Standards that

are given which make it difficult ot

times lo delermme Wie accurale [yluca:e].
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fansdeee
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BIOSENSORS

v Biosensors are eleclronsc mon:'/tirr'ny

devices which make use of o bfa/ogr’ca[

db ma[éfiﬂ(,JUCh as a cell, an anfr’bdc// o7

an end'f(yme fo defect a chemical substance.
i A biosensor works fhm?h Me fo//omhi

mechanicm:

A chemical veaction fakes /J/ace belween
the bi'ologl'ca/ molerial and +he chemicol

substance bef’nﬁ detecled 5 which /Jﬂ)du{(s

& chemical change
AN NN 4
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i) Jhe chemical changc is Transduced
via a fransducey o /o'rao’uca a small

electyical s:‘anal-ﬂne electyical siﬁnat

& /)ma/uua( IS /Dro/oofflbnal fo the concent-

ﬁ ration of the chemical substance be:’nz

{i} delecled -
ff)f/le electrical Si’ﬁﬂa/ /s Then amp/iﬁ‘ed
m'fni an am}b/f 1€7 .

wv) Jhe am/)/xﬁler Srﬁna[ is then used To
/)roolwe o d:‘if[al ouguf'
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e A 9/ucare biosensor (s an anaé{ﬁca[

device that Is used /ar mca\ruz/'r)?

& olasma gluca:c concentration.

E N/ 3Iu cose biosensor works in the
/o!lowinﬁ way.-

ol Lt contains a la”cr of r'mmabih(’j(c(

ngyme,known ols

) Jhe engyme ﬂ/ucase onrcdlase binds

with glucose in The /Jresence of amyﬁtn
fo /Draa/uce ﬁ/ucom'c aa‘o( and H:0: .
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i) Jhis fmc{fon,r‘he:efon - /n'oduccs a
a/zcyy n oxyﬁcn contentration discolved

within the /D/a.rma-
iv) Jhis dmp in ox”m concentration
& (s measured by /J/ah'num eleclroeles

2 which transduce this chemical c/aangc

W o produce an electrical s:‘ﬁna[.

>

O] ~ o]o

v) Jhe J‘fdc af the eleclrical Gf'ﬂnal IS
Fmporh’onal o The concentration of
ﬂluwse in The bfood-

vi) Jhe eleclrical Siﬁna/ is then almﬁ(i/r:zd
fo give a alfﬁffal reaclout for [ﬁ/uco:e_] ,

Page 1 8
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Jduan{azes \Qf (zlucorc biosensor

) Glucose biosensors ave '/"ff c/:cafr'c for

deféc{mg gfu(arc, which f'mP/I'es that
ey can defect ﬂ/uto.tc within a complex
= 7

mixluze of substances .

i) Glucose biosensors are ve 7(7 sensitive

hich S/ mfres -an[‘ onl a Jmall“amﬂe
@f blaoj Is 7eiwred fo olef_cl‘ the

g!ucose concentration a¢ the blood,
piasm-ﬂt also f'm/)lfe,s Hat 0/ucosc

biosensors can delect 4 rery Iowfﬁlucou]
m blood.
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i) Glucase biosensors produce a 7ap iof
] responce.

iv) Glucose biosensors are safe To use.

v) Glucose biosensors /)rocluce very

dccurale vesulls -

PageZ 0
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Disadvon fages ﬂf ﬂ/“ ose blosensor

i) Glucose biosensors cannot be used on

/Jcoplc who have needle phobia-
")Jﬁe electionre device s not Steaili Jable

S0 The eleclronic device is not Vay

70bust and can praoluce incorrect

@El_m

readfna of ﬂlucorc concentration :'f

device mal func tions -
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7 (a) Some people have a condition called diabetes. In type 1 diabetes the pancreas does not
produce enough insulin.

Fig. 7.1 shows the blood glucose concentrations of a type 1 diabetic person and a non-diabetic
person, at regular intervals after drinking a glucose drink.

250

blood
glucose
concentration
3 P HEER W
/mg100cm . - non-diabetic
person

diabetic person

time/h

glucose
drink taken

Fig. 7.1

(i) Describe the results shown in Fig. 7.1.

...... y[gamac]ﬁkws 2

Name the location of the receptors in a non-diabetic person that detect a change in
blood glucose concentration. S—
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(b) The urine of a non-diabetic person does not contain glucose. A person with type 1 diabetes
will excrete glucose in urine.

A reading of the concentration of glucose in the urine can be estimated using a dipstick.

Fig. 7.2 outlines how a dipstick works.

enzyme A
glucose > gluconic hydrogen
in acid peroxide
urine

enzyme B
hydrogen . colourless > water +  coloured
peroxide chromogen chromogen

Fig. 7.2
The higher the concentration of glucose in the urine, the darker the colour on the dipstick.

(i) Name enzymes A and B.

(i) An electronic biosensor can be used to measure the glucose concentration in a drop of
blood.

Suggest one advantage of using a biosensor and one advantage of using a dipstick to
o il
measure glucose concentration. e —

biosensor ....... (<75 Cd ............................................................................................

dipstick ........ mn "(74 {/ CU ( N ....................

Pagez 3
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(c) Describe the role played by insulin in the control of blood glucose concentration.

HEUSER

[Total: 14]
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PHomeostasis
\/M gf action 3[ adrenaline

Steleldt mustle cell

¢ adwenaline

ke

C]CIace

CM (Sﬂbryrg«en cfﬂ

il

atfakd
InacHiatedt ——>  pokein kivose
poieh lefnas

<
W

. activeiked
el s phasprovfbsc irase

/ P/O?Z;v /af ﬂ
hovger
¢

lyaogen — gluae

BEEXS N

With

Mohammad Hussham Arshad, MD
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BIOLOGY 9700
UNIT 14: Homeostasis

Learning Objectives:

e Adrenaline, glucagon and their
second messengers

e role of cAMP

e first messengers and second
messengers

Video Lecture 12 Slides
Mohammad Hussham Arshad, MD
Biology Department
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* fmcreqs — ahreClure
—x— Inscblin j/uaojon ond connol o/e blaod

¥ [[ane /Jnd/ sis

Iiﬁ Dtbetes %//r%a /ﬁkr
E* A &qhons cf ?mnma?fr?:ea( eﬂjlﬂt%

? e dbpstis

&058/750)"5
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skeletal muscle cells

Jiver cells ,Q /’ et ells

o]0l ~ oo g

Jcrendine Glucagon

¥ H yb’;ﬂ’ f;bos ho
gt
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Adrenalie

¥ Aolrenaline is a fe/)[’fdg hormone which
s Pfoa’wed by The aa/rena[ y/anal-

B xSt serves To increace The basal metabolic
2

54 70le  within The body .
O
Jafd'renalme /Jfamofés the process Of

>

,Jcoj em/f’:“' in both The liver cells and
- the skeleta[ muscle cells , unlike ﬁmmﬂm

whith on/(y aclc on The liver cells.
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X Ba’ng a Aydm/ahi/fc molecule it sends

1’[3 mcssaic w/'fhin /hc (c// #:wui/l,
&,&ecana/ messenger.

B E XS 0N
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Made gf action 3f adrenaline
NAAAR CARARALARA PP
Stelelat mustle celf
* advenalée.
@
| adenyly|
Uoet
ch SJew"‘?lgcsen % )
+
\£ GO ilated
— i kfngee
}narﬂméeﬁ e proke
ﬁﬁ
acrivaked
wach m)l‘d /ahas]p}zsyb!t Jargi

/p’ho?ﬁo C'(St’
WW
¢

9lyaogen —> gluae

Page7



]

HEUSER

\/ﬂgic gf action 3f adrenaline
¥ Adrenaline binds o il rece/bféf.c on

the faria‘ cellt cell surface membrane

G

which leads 1o dctivation of « profein

letmed as The G - /blofein.

r Activaled G-protein binds 15 an enqme

o]0l ~ o]0\

on The cell sur/a(e membrane known as

tAdcn]l]/ fyc/a.cc ,/hcnb? > ach'vat‘mi il-

Page8
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¥ Jhe en{vmc Jdeny/y/ (yc/d:e s

res/Jomib/e /ar com/crh‘ni ATP o cyc/r'o

olol- ~ o

=

MP.

Cyc/:’c AMP binds and activales a
pretein Kinase .

* Jhe activa 7eo( /Jrofem kinase /)ho.r/)hor7-
lales an inactivaled /Dhos/)horyfasc Kinase

engyme ,there b/, acﬁ'vah'nﬁ it
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¥ The activated /Dh o:phwy lase Einace
eﬂo””mﬁ a7ain ﬁaﬂffﬂS Qa /)ho.cf/!a/é

imu/p Io lhe enpyme i ]“ﬁm /)ha.wlmy-
!

ase Io activale it

O
¥ élycaﬂen Pho.fhmy/a:& 13 7e.rpam1b/e
@ for cafa/‘z/jmj The breakdown af 7{yuym

fo fwdace J/uca.re :
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¥ Small amounls of The hormone adyenaline

are able To Stimulale /aii( zo/o/'es a/ The
c’nJyma Jdeny/a/é G yc/asc which in furn

roclwes /aric numbers of the molecule

c/:c AMP.

€

> ]thC CyC/IC AMP molecules Nth/’Z

n

B .sm/e as second mesengers are able o

aclivale IGWC number of he cnorlme
prolein kinases ,which Mereby activales

numerous /)ho.c/Jhovy/arc Kinase engymes -
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* This phenomenon whete a. smafl amount

of the itial hormone /)roa/uce.r an
GMﬂtﬁ"’cd m]bonrc within the cell is known

1 as Cascade e/fecf :

Jhe hoimone ﬁ/ucaion /braduce: its

HM@

nlracellulas e/ﬁ:d} i‘hvouﬁh a similar

=Necond mecsenge s”sfem a< adrenaline
but has a ofrffcfm{ rcce/)ﬁr on the

cell :uvfacc membrane
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Jherefore the mechanicm of action of

adrenaline can be Jumrmwgcc( as:

1) Advenaline binds o il receplors on

© e cell .sw/&rce membirane of he farycf
cells -

ey 2) J/n's /faa/r lo 7746 farmaf?'on of cyc,//'c
M AP which binds fo prolein kinases,

>

fh(o’&by, ac,ﬂ/ﬂhhﬁ H’)CM'

3) Actiadon ?c /Dra/o/'n Lihases /brodaaer
an enr _yme cascqde z%yo/wyz xhvation

¥y Yy plopyetin ¢ anpl
the :9/14/.
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Outside the

liver cell glucagon O 1 Glucagon binds to v/enzyme / a deﬂ/l// )/‘/ { 7CD§€’>

membrane receptor,

m receptor \
%
&
O

ATP

3 Active enzyme produces
G protein cyclic AMP from ATP.

-

nside the 2 Activation of G pro‘tem cyclic AMP

4 Cyclic AMP activates protein kinase
iver cell and then enzyme

to activate an enzyme cascade.

Inactive protein kinase enzyme » active protein kinase enzyme

 J
inactive phosphorylase kinase enzyme » active phosphorylase kinase enzyme

inactive glycogen M » active glycogen
5 Enzyme cascade leads to activation of many phosphorylase enzyme phosphorylase enzyme
molecules of glycogen phosphorylase that
break down glycogen.
glycogen ! » glucose
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ngl'c MP &ng {ff vole as a second

S AP S Ahe  SA

meéessen ?e 7

¥ C”C/fc AMP s a small non—prokm wales
& soluble molecule devived /rom ATP.
E» The mdymc aalenylafz c”c/a:e (also

O
/e?mca( as ade"/{]l cyc/aw Ywhich is

@Bpresent on the cell surface membrane

/s 7’e$fan:l'b/c far /oroducmﬂ c,(/fc AMP

from ATP.
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¥ Aemy a small PO/ar molecule cyC le
AMP can ra/:fally diffuse i‘hmuihouf The
cell
E Cyclfc AMP binds [0 [he engyme /ﬂofer’n
Kinase within the cell , thereby, acﬁ’mf/ny
it
Activeled prolern Kinases initiale a
caccade of phosphorylation sfeps which

EENe

cVeth/fy activales the enzyme i/ngcn
pho.c/)haryfa.re -
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§: Compare and contrast the role of

first and second me Sserngers within #e

bady ?

G

11 Jl'mifa?i/g :
+ Both of them are chemical messergers-
X Both of them are /oo/az waler soluble

olol- ~ o

mole cules.
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Differences:
]frsz‘ Messenger Second Messenger

. i’/‘m‘ messeniers are

db/myc /awofc/'n molecules.

&CU”J m&ffeﬂi‘;ﬁ“ are
Small non-/)zo/elh

molecules -

O\ |

o) firs(‘ me.rrcn(?as are

produced exWa(e//ulmly

_/\

ancl bind o 7ece/9/5:'s
B o1 e cell sur/ace

membrone -

oJeconcl messengers are
P'{adwec/ within the
celle and bind B enyy-

mes aclivating or
/'nhibiffny them-
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Second Messengea

o ]/'rsl' me.cscycn

7
o Second mcsscﬂﬂcrs

are /;roc!uce in small| azre /omduceal in /arya

amounls -
s messengers

Eﬁﬂy In the bloodsl-
O

€
>

B

y fwam/.vles 0 f //’rs t

messengers: insukn,
9lu cago, (dronaline, ek.

amounls -
o Lecond mecsengers

are mpidly byoken

eam /01 a /0"(7” Jime | down within the cells

for eq cAMP is broken

down b”'fhe engyme
ph o.t/ahoolfcsterase .

¥ Examples 9{ seacond

mfsse?ers : CAMP,
Ca?* efc
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Q1 : Compare and contrast between glucagon and
adrenaline?

___ Ans: SIMILARITIES
&y

0 1) Adrenaline and glucagon are peptide hormones.
b 2) Their receptors are located on the cell surface membrane.

3) Adrenaline and glucagon have G- protein coupled receptors.
) 4) These hormones increase the rate of glycogenolysis by
stimulating glycogen phosphorylase.
4

N DIFFERENCES
1) Adrenaline binds to skeletal muscle cell and liver cell,
glucagon only binds to liver cells.

2) Adrenaline is produced by adrenal glands, glucagon is
produced by the alpha- cells within the islet of Langerhans.
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Q2: Describe the role of glucagon in regulating blood
glucose levels ? [8 marks ]

Ans : Glucagon is released by the alpha-cells of the pancreas in
response to low blood glucose levels. It travels in the blood to
reach its target liver cells where it binds to its receptors on the
cell surface membrane. Glucagon regulates the blood glucose
by :

a) stimulating glycogenolysis which involve the breakdown of
glycogen to glucose . It achieves this effect by stimulating the
enzyme glycogen phosphorylase.

b) stimulating the lipid breakdown to form fatty acids. Fatty
acids are used in respiration to release energy in the form of
ATP. This lessens the need to use glucose for respiration
(glucose sparing effect ).

c) stimulating gluconeogenesis which involve the formation of
glucose form non-carbohydrate sources such as fatty acids,
lactate and amino acids.

All these processes enable glucose to diffuse from the liver
cells into the blood thereby normalising the blood glucose
concentration. Glucagon also inhibits the release of the
hormone insulin from the Beta- cells of the pancreas. This
slows down the rate of glycolysis and glycogenesis . Glucagon
regulates blood glucose via negative feedback.
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Q3: Describe the role of hormone insulin in
regulating blood glucose levels ? [8 marks ]

Ans : Insulin is released by the beta-cells of the pancreas in
response to high blood glucose levels. It travels in the blood
and it binds to its receptors on the cell surface membrane of
liver cells, skeletal muscle cells and adipose cells.Insulin
regulates the blood glucose by :

a) increasing the permeability of the cell surface membrane to
glucose. It achieves this effect by upregulation of GLUTs which
allows glucose to enter the cell via facilitated diffusion.

b) stimulating glycolysis which involve the oxidation of glucose
to pyruvate. Insulin achieves this effect by stimulating
hexokinase and phosphofructokinase.

c) stimulating glycogenesis which involves synthesis of
glycogen using glucose monomers. Insulin favours glycogenesis
by stimulating the enzyme glycogen synthase.

All these processes enable glucose to diffuse from the blood
into the liver cells and skeletal muscle cells thereby
normalising the blood glucose concentration. Insulin also
inhibits the release of the hormone glucagon from the alpha-
cells of the pancreas. This slows down the rate of
glycogenolysis and gluconeogenesis .Insulin regulates blood
glucose via negative feedback.
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Q4: Describe how an enzyme can be immobilised
using alginate and discuss the advantages of using
immobilised enzyme? [8 marks ]

Ans: An enzyme is said to be immobilised if it's attached
to an inert insoluble material. One way of achieving
enzyme immobilisation is through alginate beads. The
enzyme ( for example lactase ) is mixed with the solution
of calcium alginate, the mixture is drawn into a syringe
and introduced drop by drop into a beaker containing
calcium chloride solution. Insoluble alginate beads are
formed with the enzyme lactase entrapped within them.
These beads are separated from the calcium chloride
solution and rinsed with water before use. The
advantages of immobilising an enzyme are ;

a) the enzyme does not contaminate the product.

b) the enzyme can be reused which saves cost.

c) the enzyme is more stable to external pH and
temperature changes . This stability is due to enzymes
being less exposed to external pH and temperature.

d) the reaction catalysed by immobilised enzyme have a
higher yield.
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Q5: Explain how a dipstick can be used to measure
glucose concentration? [ 8 marks ]

Ans : Aurine dipstick contains the enzyme glucose oxidase
and peroxidase , immobilised using cellulose fibres. The
dipstick is lowered into a sample of urine which contain
glucose. Glucose reacts with oxygen in the presence of
glucose oxidase to form gluconic acid and hydrogen
peroxide.

glucose + O, ————— > gluconic acid + ﬁ’ﬁﬁ’)&
i

glucose oxidase

Hydrogen peroxide reacts with the reduced chromogen in
the presence of peroxidase to produce a coloured

compound.
peroxidase
HO,+ AH, ———— > A 4 2H0
reduced coloured
chromogen

The intensity of the colour change produced is proportional
to the concentration of glucose in urine. This colour change
is compared with known colour standards to estimate the
glucose concentration.
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Qé6: Briefly outline how a glucose biosensor work ?

Ans : A glucose biosensor is an electronic monitoring
device which detects the glucose concentration using
the immobilised enzyme glucose oxidase . Glucose in
blood reacts with oxygen in the presence of enzyme
glucose oxidase to form gluconic acid and hydrogen
peroxide. This reaction produces a chemical change in
the form of drop in oxygen concentration . This chemical
change is transduced into an electric signal using
platinum electrodes . The intensity of the electric signal
produced is directly proportional to the blood glucose
concentration . The electric signal is amplified to give a
digital output.
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a) It causes vasodilation of the arlerioles
Supply!hg blood To the skin which
/)romo/és heat Joss via. radiation and

. convection currenis .

b) 9t stimulafes The sweat g/ano/ﬁf

increase The production of sweat-
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In the heat

central thermoreceptors in
the hypothalamus and
spinal cord detect increase
in blood temperature

thermoreceptors in the skin,

mwa increasein
mperature of

irroundings

%
&

{E} 1sodilation - arterioles

the skin dilate
{

veat glands secrete
veat

)
®

S

hypothalamus in
the brain - body’s
thermostat

\4
thyroid gland
increases secretion
of thyroxine into
the blood

A
increased heat
production by the
liver

HEUSER

In the cold

central thermoreceptors in
the hypothalamus and
spinal cord detect decrease
in blood temperature

thermoreceptors in the skin,
detect decrease in
temperature of surroundings

vasoconstriction — arterioles
in the skin contract

shivering - skeletal
muscles contract

o/ o
arrecioy P
hair ereetof muscles
contract to raise hairs and
increase depth of fur

adrenal Iands secrete

adrenaline
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Skin blood vessels dilate: capillaries
become flushed with warm blood,;
heat radiates from skin surface

Actvates
heat-loss
center in

mmyamus ———

Blood warmer Sweat glands activated: secrete
than hypothalamic perspiration, which is vaporized by
set point body heat, heiping 1o cool the body

Stimulus:
Decreased body
lemperature (e.g.,

Homeostasis = normal
temperature (35.6°C-37.8°C) 2::"3&!&!

/A\ N r temperatures)

Blood cooler than
Skin blood vessels constrict: blood hypothalamic set point
is diverted from skin capillaries and
withdrawn 10 deeper Lissues;
minimizes overall

- heat loss from
i skin surface
: Activates heat-

Skeletal muscles activated when more promoting center
heat must be generated; shivering begins - in hypothalamus
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Dyestion 1

4 (a) The body temperature of a human is maintained at its set point of approximately 37°C. If it
rises above this temperature, physiological responses begin to return the temperature to its
set point. Two of these responses are vasodilation and sweating

Explain how vasodilation and sweating help to return the body temperature to its set point.

vasodilation . Qf/@’/a/g; %mj &Cm/ fo 77‘),_0 Sé(?)

wagen..=>..xnoee.. bleod fraw/of/C’
.Qa s, = mote..

e St Juface B

Diabetes mellitus is a disease where the pancreas is not able to secrete sufficient insulin

The symptoms of diabetes mellitus include a tendency to drink a lot of water and a loss of
body mass.

Suggest why these symptoms occur

UCRE . e SOom,. aSes =>

e ok Solnbll o Hhe bbood  decraases
/ _O9INCEl/Dn Jh"ma/afc’d.;:r N

o1 %
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(c) A person with diabetes mellitus can use a biosensor to measure the concentration of glucose

coéakA curf/

in their blood
m (i) Outline how a glucose biosensor works.
{

ya%' an. é’/aosfzc ?z m{
¥ Clockiz. 9 ﬂd/ /Zz" ». j
5 /«‘w a. 7(/%( ndmistae. St Bl

(ii) Suggest one advantage of using a biosensor rather than a dip stick.

Ol %A«ﬂ()’ﬁ’fj?ﬁqwaﬂwﬂ»‘?
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a'esh 290 a’ -

(c) During periods of stress or extreme exercise more glucose needs to be released into the
blood. The hormone adrenaline is released and binds to receptors on the cell surface

membranes of liver cells.
——
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(a) Homeostasis in mammals involves negative feedback mechanisms

Outline how a negative feedback mechanism works.

% Qaiafon. of a /’ﬂcxbi Hom Zr‘ﬁsef/?dm“
o dffecfcdo’? wefos.
Drmatic b .1he. cnpel Genpe
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(b) Fig. 8.1 is a diagram summarising the role of the nervous and endocrine systems in the
control of blood glucose concentration.

hypothalamus

neurones neurones

adrenal

B cells a cells
glands

pancreas

glucagon adrenaline

ey

decrease in increase in
blood glucose concentration blood glucose concentration

Fig. 8.1

With reference to Fig. 8.1, describe the role of the nervous system in the control of blood
glucose concentration.

. //;ge//s ,,,,, Wh c,d;,.g@e,e Dl chen.
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(c) If the core temperature of the human body falls, the hypothalamus sends impulses to activate

several physiological responses, some of which are listed below.

For each one, state how it would help to bring the core temperature back to normal.

vasoconstriction a’%’fdﬁj F L AL TS ML b/OOO/fOfﬁ€5t<ol7
DArOWSs —> [, hlbod Ado.. 1. 1he Capilion
.Ies kot g o fre. suvvoundey

shivering 7%V0amta e N

__________________ LR sekmxses. cneray. I Hhe. om0
_________________ /7:?(75(13@07L

increasing secretion of adrenaline

,,,,,, alelar . 285 pEalm. —>. HCh. 4Eas ..
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2 (a) The hormone glucagon is an example of a cell signalling molecule. Table 2.1 lists the main
events that occur when the blood glucose concentration decreases below the set point.

The events are not listed in the correct order.

Table 2.1

description of event

adenylyl cyclase enzyme is activated

cyclic AMP activates an enzyme cascade

glycogen stored in liver cells is broken down to glucose

blood glucose concentration increases #9¢

glucagon is secreted by « cells in the pancreas

conformational change to glucagon receptor causes G-protein activation

active adenylyl cyclase acts on ATP to produce second messenger

glucagon signal is amplified

glucose diffuses out of liver cells through GLUT transporter proteins

glucagon binds to receptors in the cell surface membranes of liver cells

Cyclic AMP is formed

D>SMY

RO

2SN 0 TWN A

HEUSER
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Complete Table 2.2 to show the correct order in which these events occur.

Three of the events have already been placed in their correct order

Table 2.2

m correct order letter of event
4

&
4

1 E

2
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* We will be o/:':cas.s'/hﬁ ABA as a Parf
of The current seckion.

5 ABA is conciddered as the PGR released

wunder J[ﬁ:{fbi/ condifions in /D/an)fg.

48A has a 70le o /D/ad in s_?iamalaL

(losure besides other funcflbﬂs.
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G
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K" -channels and anion channels
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