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Definitions

Excretion: The
limination of meta waste
s and unused materials
fro nism's body
Osmoregulation: The process of

regulation of the salts and water

concentration in the body.

Gray Matter Alert!!!

Creatine and creatinine:

Creatine synthesised in
the Liver and transported
to the muscles

where it

transter

the kidneys.




concentrated in the body for | i time than
ammonia and requires comparatively less water

for its elimination
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MODES OF EXCRETION
Major Modes of Excretion
Depending upon the m
there are three typ

nitroFenous

| R E fa

ammonotelism " uregtelism and

Ammonotalism
Animals which excrete ammonia
ammonotelic and the IMenon

ammonotelsm.

EXCRETORY WASTES
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Ammonia - co

Aming Acids b Emcess minerals

Urea ==  Excoss water
Uric Acid [ Pigments

= Excess vitamins

g Breakdewn products
of drugs

Gray Matter Alert!!!

ammonia is converted into
urea in the

by the process of urea
ornithine cycle, ch
combination of two m
ammonia with one
carbon dioxide, The urea
15 released in the blood which is
filtered and expelled out by the

Kidneys




Ammonotelism 1S carried out by
arotists nariferans cridarians 2 = g
protist i et S ikl Previous Year's Question

rms. annelids like earthworm and L
gl aguatic crustaceans and aguatic ins X
: 5 ; Ureotelic animals:
most aquatic molluscs, lungfishes, bony fishes, 8

: Lo : BT (1) Lack ure:
amphibians, aquatic tailed amphibians,

died Inver ates o

gill epithelium of fish.

Ureotelism

Animals which excrete urea are called ureotelic

ang the F_:-I'IF_‘"I:'_!"I'II'-_":"!_'If': |15 !'_'i_-l.:__l'-_'l:_j LT !_'-'_'I'._I'-_"i_iE.”l

Ureotelism 15 seen in £ ris 2arthworm,

cartilaginous fishes (shark, st Rack your Brain o
aquatic amphibians j 3

reptiles lke turtles, AN How is ureotelism a mechanism
mammals including man, etc. to conserve water in terrestrial

Since urea can be concentrated in the body life forms?
without toxic effects, cartilaginous Tfishes
[ ation of urea in their
noregulation ag;

seawater.

Uricotelism

Antmals which ete wuric acid are

uricotelic and the phenomenon is

MODES OF EXCRETION
: il
snails, land reptiles like lizards and snakes and Majar Minor

== ammonotelism

Minor Modes of Excretion | +  Aminotelism

— Ureoctelism

Minor modes of excretion include aminotelism -
and guanotelism : x
; B Uricotelism

roauc

i
~

EXCrerory




Aminotelism
Arnima which &xi s amino acids
aminotalic and the phenomenon is
aminoatelism.

Armunoctelism occurs in some molluscs LWke Pila,

and some echinoderms like

Guanotelism
Animals which ¢ guanine are called
guanotelic and the phenomenon is Known as

guanotelism.

and spiders show guanotelism.

Mixed Excretion
2 animals excrete more than one

depending O their
ervironment,
and African t
etc
Earthworm i : wonia in water rich
and urea in drier soil. Prawn is both ammonotelic
and ureotelic
Lungrish and
AT
whater
diles glligato and turtles
duce more ammonia un water and more
ric acid outside water along with urea.
Althoupgh being ureoctelic, humans

QUL urnc acic Mith the urnne.

DIFFERENT EXCRETORY STRUCTURES IN ANIMAL
KINGDOM
Protonephridia

A protonephridium consi

y Their wide
into an

Excretory capillaries form tubules which open to

Gray Matter Alert!!!

Guano, th faeca rmatter
sea birds, is used as a fertil
due ta its concentration
of potassiu

nitrogen and

phosphate

Previous Year's Question

- | F'Zl roducts

eliminated mainly as:

(1) urea in tadpole and ammonia
in adult frog
ammonia in tadpole and urea
i adult frog

(3) urea In both tadpole and
adult frog

(4) urea in tadpole and uric acic

n adult frog

FIGUEE: PROTONEPHRIDIA




MAJOR MODES OF EXCRETION

ety

Animals which excrete ammonia
are called ammonotelic

+ Frotozoan protlsts ke
Amoeba, Foramoescium
3 Poriferans like Sycon
3 Cnidarians like Nydra
I Flatworms like
tapsworms
[Toeania solium)
3 Roundworms like
Aseoris
J Annelids like
sarthworm and laoch

2 Aquatic crustaceans
like prawn
J Aguatic insects

3 Aguatic molluses Like
Pila

3 Bony fishes
¥ Larvae of amphibians
{tadpole of frog)

2 Crocodiles

} '.":r."ll.]!_'_"'. CTE

nephridiopores

ia mamnly parforms

Renette or Giant Cell

-I'-| Ihe ":'l'._'_:||'_:|_|'_'. po
a bridge in the form of a networ

which lies exactly beneath the |

.lr._-ﬂ-
il Ureotelism }

Tha process of

= Ascaria

3 Earthworm

2 Cartilaginous fishes
like shark and sting
rays

3 Adult '!r-u‘l

2 Adult toads

2 Turtles

J Terrapins

3 Alligatars

4 Mammals including
man

i

e, .

e s

osmoregulation

acld are called uricotalic

J Most terrestrial
insocts Llike
cockroach

1 Terrastrial
crustaceans like
Onlizcus

J Land snails like
Mol

2 Land reptiles like
lizards and snakes

2 Birds

FIGURE: RENETTE CELL OF ASCARIS




Mephridia
Mephridia are the main excretory structures
like earthworm.
idium usually has a ciliated funnel-sha

opening called nephrostome. The other
nephridium has an opening called nephridi
Beating of cil ; thie omic fluid to enter

the tub
enitheliu
the bl

fnechridio pore.

Mephridia carry out both exeretion of nitrogenous

waste and the process of osmoregulation.

Malpighian Tubules
Malpighian tubules are the main excr
structures of most insects like cockroach. FIGURE: NEPHRIDIUM
a group of fine, unbranched, blind tubes
open into the alimentary canal at the
af mideut and hindgut,

ation

Fharynx
i

|
y _— Previous Year's Question

Flame cells are excretory organs
(1) Prawn

(2) Planaria

Malpighiare = —

= Hecturm
tubules

FIGURE: MALPIGHIAN TUBULES IN COCKROACH




Antennal Glands
Antennal glands or green glands are paired glands

crustaceans

osmoreguls

HUMAN EXCRETORY SYSTEM

It consists of a pair of kidneys and their b
r of ureters, a urinary bladde

urethra

Kidneys

from the embryvonic mesoderm
either side of the body's
nner wall of the
low the diaphragm, between
(tbwelfth) thoracic and thirg
1o

and 12th) protect the kidneys from the front side,

Infiriar
WENA L AVE Borta

Adrenal gland € P Henal artery

* Rena viedn

Right . * Hena column

I_lr_1|-||_r:||' ,'. 3 .-_' 5 Reral pebvis
e —— W | ] k ¥ Mooullany
pryramid

Uretier «

Iraklrad '
E———— I
FIGURE: HUMAMN EXCRETORY SYSTEM

Rack your Brain e

How are kidneys protected in our
body?

Previous Year's Question Q

Urinary plaader
Urethra

Collecting ducts
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e
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+ Asked by Swayangshr...
Please help me with this doubt
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muscles pro

Gray Matter Alert!!!

adult human measur
TTRTE o — &
'gth, 57 em in width, 2-3 em in Human kidne

thickagss and weighs 120-170 g on an average retroperitoneal kidneys as they

in adult male | 120-145 ¢ in adult are covered by a double fold of
female), peritoneum only on the ventral
Left kidney is placed higher than the Light Kidney de.

ause of the p ance of the liver an =

is also slightly lon

narrower than the right one.
The outer side of each Kidnay s convex whereas
the inner or medial side of each Klaney 1s Concave

d the hilum or hil

—

covered by an outer layer of tough

renal capsule made of

Riral
L

tissue called the adipose capsule s present, =
which acts as a shock absorber. The Kidn
) the abdominal wall by an ocutermi Ureter »Lortex
= ] renal fascia
the kidney, hilum 15 con ed with 2 FIGURE: LONGITUDINAL SECTION OF HUMAMN KIDNEY
funnel-s ed space called renal pelvis
which projects into major and minor calyces,
Kidney tissue is differentiated into two funct

Zones, outer renal corte: L i."lr'lr:_'! !-!_-I'I._'!I ITiE

Renal Cortex: It is outer

mal and aistal ¢c ."._l_-:'li_i tubules
Renal Medulla: It iz the inner part which Sl Brai
consists of loops of Henle and collecting . ) w

the n S ElRige] )

Which part of the kidney acts as
a gateway for ureter, nerves and
blood vessels?

Medulla 15 divided into 15=16 conica

called as medullary pyramids

|r

amid has a broad

a pointed apex called

cre

EX




the renal papilla towards the pelvis
papillae projects into 7-13 minor calyces. Minor
1 major calyces wt
further join to form the renal pel
transitional epithelium and leads into ureter.
in between the medullary
) as renal columns 1 the columns
of Bertini.
Structural and fun al units of kidney are
called nephrons or uriniferous tubules. There are

about 1 million nephrons in each kidney.

L/U:'Eti:' rs

L_,.-"ﬁraej-!j-?' becc

25-30 cm long
R i——

A m e
=4 [MTM.

s from the hilum
ion and run along the abdominal wall to open

nto the urinary bladder in the region of trigone by

-'1|-.!-,__.!

axternal

NnAer Mucosal Laver. ceXiernal ititia is formed
.Z_Zlf connective tissue el 2 E.]I.;”:.I:j

lymphatics and nerve fibres.

from the Kidneys to urinary
b seeloay

£ in thear wall,

anitheliurm.
It varies in shape and s
. An em

al whereas aft

'he wall of urinary der consist C
——— 1
smooth muscles called detrusor muscle which

-___.__-.—1———-" —_— T T —_

\_.-"’",.H‘. L

Keywords

Renal fascia
Medullary pyramid

Calyx

Previous Year's Question

Urine is excreted out of the body

through:
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tory Produc

EXCre

and

udinal muscle fibres

voluntary

the urinary bladder modify t
sphincter in the on of |
urethra 1 t ]
the inter sphincter, al
external sphincter. Both the

xation during the act of passing out urine

iy of the urinary bladder has a triangular area
called trigone. The trifone consists of the two

openings of ureters anc } urethral

ml of
—

00
a0 m | |'_':-{

sant only in
of the urinary

2rior thirc a urethr

s ~Urethra is shaort in

————
passes out urine througn wr ethral or

inf 18 Vi al aperture.

Urethra is longer T | les {about 20 em) and

uring as well

aperture pre

at the time

STRUCTURE OF NEPHRON

Complex tubular structures called nephrons are
the structural and functional units of kidney. A
nephron consists of two parts, glomerulus and

y _—
renal tubule

—————

Gray Matter Alert!!!

Nearly 10% nephrons

with age in &

Perltonewm < -
Ureter «£—

HRugaws {—-..._1

Detrusor muscle $—_ =

Ureteric orifices L

Internal wrathe

ephincta
wrnnl

[P ] P
(‘ ephincte r;.- |
_‘_‘___r__._,_.r Urethra £—°-r

External urethralt—
orifice

FIGURE: TRIGONE OF THE URINARY BLADDER

PARTS OF NEPHRON
{ e !

Glamarilus Ronal Tubule

L
Glomarular capillaries ‘e Bowman's capsuls
| | Proximal Comvoluted
o Tubule (PCT)
{“*  Loop of Henle

Distal Convoluted
Tubuls (DCT)

-




s carried
Efferent arterioles
diameter than that of the afferent

arterioles which aids in ultratiltration ot bl

glomerulus are covered b W

a single layer of endothelial cells. They are about
100=-500 times more permeable than blood

capillares.

Renal Tubule

Il tubule 13 about 3 em long

D um in diameter : yeging with a do

structure

» Efferent |
arteriole|

Afforent +—
arteriole

» Bowman's
capsule

Capillarie
of the *
glomarulus

Praximal
comvoluted
tubule (PCT)

FIGURE: DIAGRAMMATIC REPRESENTATION OF
MALPIGHIAN BODY

Definition

Malpighian body or renal

corpuscle: Glomerulus along

with the Bowman's capsule is
malpighian bc

renal corpuscle,

Rack your Brain o

Why efferent arterioles have
narrower diameter than the
afferent arterioles?

Previous Year's Question

Which one of the four parts
—

l'T'n':!.".r_i.i_!!'h;'H below does | not

capsiifute a part of single
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A 3 . Asked by Tarannum

Please help me with this doubt
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A 3 - Asked by Swayangshr...

Please help me with this doubt

Bowman's
capsule

Proximal
convoluted

tubule \

Descending

Limb of
Loop of \‘

Henle

0

Loop of Henle

Distal
convoluted
tubule

———— Collection duct

Ascending
Limb of Loop
of Henle
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A ) . Asked by Avaneet
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+ Asked by Ritvik
MAM KIDNEY STONE KAISA HOTA HAI MAM
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A 2 « Asked by Tarannum

Please help me with this doubt
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A 3 .+ Asked by Avaneet
Please help me with this doubt
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| » Asked by Sakshu

mam capillaries ko vein or artery ka junction khe sakte hein






wall of the Bowman's capsule

inner visceral la and outer parietal

The space between podo
the slit pores or filtration slits
nm Iin diameater which help in p
glomerular filtrate. The parietal la
thelium. The
wWman's
lumen or capst
Bowman's

ntinues to

“in the PCT. Thus, it
lined by cuboidal epithelial cells which po

brush borders with long microvilli to incres:
maximum reabsorption of

surrounded by

ich branch from

orbed

materials are
Proxirmal

tubule continues to form

ructure called the Henle's

nding limb and a distal : ding Limb
» descending limb of He a thick

gment having a diameter equal to that of PCT
and a later thin
lined by cub

Thin

ascending imb which

: O & |;_:-r.;-:-: mal
'.I'"il' !'-'-‘.-‘_ili""'ll."."t Lneg I"1 !:ili'ill:i:L"I'I[':'.i'.'- cells h':'l D
ement of some solutes and a distal

ment Lined by cub«

tubule (DCT) lined

PFores in
endothealium

Padocyte Capillary lumen

- —-""l‘ll
HEE
.I'rll .Ill

/

Bowman's
capsula

Filtration Basal

slit pore lamina
Filtered
material

FIGURE: FUNCTIONAL STRUCTURE OF
THE GLOMERULAR MEMBRANE

Previous Year's Question

Brush border is characteri

(1) Neck of nephron

(2) Collecting duct

(3) Proximal convoluted tubule
(4) All of the above




uboidal epithelial cells with sparse, irregular

if tne
Gray Matter Alert!!!

TR -
a3 L

ch are placed near to Tall: Macu cells are highly
and efferent arteriole - £ 5 v to the concentration of
and show sensitivity to NaCl and are collectively NacCl in the DCT.

a2l macula densa.

» DCT of each nephron opens into collecting
ducts which are lined by specialized cuboidal
apithelium with very L
ducts unite to formm ducts of Bellini which run

ough the renal papillae

Proximal

Efferant convoluted

a.rterlul.e t“,h ule

Distal

Affa rent = convo Iu’tﬂ'd
arteriole™ |

Glomerulus <

Bowman's <
Capsule

. —» Collecting
capilary : ' ) duct

Descending '

limb of Henle's loop 1 % ! MEDULLA
Ascending < :

limb of Henle's loop

FIGURE: A DIAGRAMMATIC REPRESENTATION OF A NEPHRON
SHOWING BLOOD VESSELS, DUCT AND TUBULES




/ a network

capillari g from the efferent

led the perrtubular capillaries. From

the peritubular capillary network arise minute

vessels whnich run parallel to the Henle's loop to
form a ‘U’ shaped vasa recta

The D capiitarigs join to Form  renal

1 to form the renal vein.

oluted tubule

ad in the

whereas the Henle's

Juxta glomerular Apparatus (JGA)
glomerular apparatus (JG

macula densa

of the smooth muscle fibres in the wall

of afferent arteriole ; ' rmodify

Lacis cells are present in between the macula

and the afferent and efferent arterioles.
JGA helps in the regulation of kid
TYPES OF NEPHRONS
& d on the lo

types
amedullary

Cortical Nephrons:
of the ¢ nephrons
smaller 1n size and majorly L
renat tubule 15 much coileg
oo shor :J.r'-:'j 2xtends i|'|I.'-'.': meguila

gistance. Va

Juxtamedullary Nephrons: The;

total ne l.'." nrons presi

Previous Year's Question

Which 2 gf the following is not
a part of a renal pyramid?
(1) Peritubular capillaries

2} Convoluted tubules
Collecting ducts

-:_'|1' |!|.'-:"||,E'

Gray Matter Alert!l}

Lacis cells play a role in the renal
autoregulation of blood flow to
the kidneys and systemic blood

pressure regulation.

TYPES OF NEPHRONS

b J
Juxtamedullary




r'!+_.'| INroOns

ation in the

Cortical nephron Juxtamedullary naphron
Praximal cormoiuted L comvoiuted

. Herert | TR
tubule "\'., ﬁr::-rl‘.‘f-." f

] CAATTRBIY'S. i
‘I " I,; Biaradny's Caprsue

| pClomeniius
Illllg'l-l.r WLl

Cortéx
Mectulia ]

Loop of Henle ¢— cormvaluiod tubule

!

l el LRI i Hembi
Collecting duct d——

!

FIGURE: JUXTAMEDULLARY AND CORTICAL NEPHROMNS

URINE FORMATION
Urine formation occurs by three major processes
ular niltration, tubular xabsorption and

tubular secretion.

Glomerular Filtration (Ultra filtration)

Filtration of blood occurring in the glomerulus is

:alled g ierular filtration

On an average, 1100-1200 ml of blood is

bv bBoth kidnevs in one minute (L.e.. abou
ut by the night and left

ventricle of the heart in one minute)

Rack your Brain v

Which type of nephron is involved
in urine concentration?

URINE FORMATION

Glomarular selective Tarbwlar

Filtration Reabzorption Secration
UMira Filtration)

Definition

Ultra filtration: The proces:
of filtration of almost all the
constituents of the blood

plasma except proteins into the

lumen of the Bowman's capsule.




s through glome villaries under

sure. This pr cause of

nerular
capillaries and afferent renal arter g, the latter
seing wider than the plomerular capillaries and
vartly by the natural arterial pressure caused by

wumping activity of he

60 mm

=] otelnacs

Colloidal O tic Pressi sguivalent to

32 mm Hg. The pressure exerted by the filtrate

in B X

18 mm sure being

lomerular b undergoing filtrs

the pressure that filtration

glomerular filtration pressure or Effective

Filtratio

EFF = HE - H = (B0 32 -18) mm Hg
10 mm HE

The blood flowing in the glomerular bl

capillaries is separated from the capsular

Bowman's capsule by four layers, i.e.,

has cells called

IVET,

Blaod ilow

» Efferent
Afferent / artoriole

Glemerulss €

Bowmman's &5
Capsula

Glomerular &

Flitratlon » Paritinbilar

capillarias

.._‘J®'...E?

Tubiilas
Haeabsorption

Renal tubide «

q} Blood tawards
Euigralimn Fae ] i

FIGURE: BASIC STEFS IN URINE FORMATION

Previous Year's Question

The net pressure gradient that
causes the fluid

the glomerull into the ¢

(1} 50 mm Hg

(2) 75 mm Hg
(3) 20 mm Hg

(4) 30 mm Hg




Capeirlar Hydroetathc
Pressura (CHIF)
Glamerular Blopd & 18 i HE
Hydrostatic pressure 4  Blood Colleld
(GEHP) = 88 mm Hg Osmatic pressure
(BCOR) = 33 mm Hg

Proxirmal
w camieluted
Aferen

arterhola

;I.rl. Filtration
preadsurs [(MFP)
SGEHP-[CHP+BCOP)
mifill i Hg =
[18+32) mm HE

& 0 P HE

w -

EMeront OGlomerulus w

arteriole Capaular
paca

FIGURE: APPROXIMATE PRESSURBES AT DIFFERENT
POIMTE W THC NHCAAL QIMOULATION

glomerular capillaries
out a continuous

e filtration under
The blood components smaller than the slit pores
(all the constituents of the plasma except larger
proteins) pass through endothelial fenestrations,
filtration slits of

lumen of Bowm

i the glomerular filtrate
glomerular filtrate consists of nearly

15-25% of water and solutes from the blo

cluding ure c acid, creatinine, amino

and erythrocytes.

In a healthy adult human, approximatel b
of g

minute,

glomerular filtration rate (G

Previous Year's Question

ambles in its
the filtrate

merulus

B

Chlorige

AMING acias

Proteins

Rack your Brain y

Mormally, urine is not red in
colour like the blood. Why?




LIMINe:

|
=

i

Products

NCre

ncreg

tends to stretch afferent arte

1 muscle fibres in the wall of affe

arteriole increase passage of Ca* ions from
zoplasmic reticulum into the oplasm
resulting in their contracti

overstretching of

cular resistanc

and GFR are brought down to normal (Myogenic

Autoregulation).
of the juxta glomerular apparatus (JGA)

release renin that regulates the blood pressure

fibers, on activati
and cause decrease in renal blood flow as well as

glomerular filt

Tubular Reabsorption
A normal, healthy individual releases only
1.5 litres of urine in a day. Considering the amount
of total glomerular filtrate produced in a day, i.e.
s evident that nearly 99 % of ti
is taken back (reabsorbed)
curs in all p if renal tub
proximal convoluted tubule, loop of Henle, dis
convoluted tubule, collecting tubule.

Reabsorption in Proximal Convoluted Tubule

wrotion. Almost

d T0%=-80%

y Ehe
border epithe

ndria and

Definition

Reabsorption: The absorption of

useful essentialsub

ACTE e ."""|E!I__'|'1.i:1!'|i:'-_'1l'l"!|‘;'. IS

called reabsorption.

Rack your Brain >

Which part of nephron actively
reabsorbs sodium?




and Ca* are
transport. Cl

1 through

1 [
ins 1OMNIEa INTD

from the filtrate which maintains the pH and

onic balance of the body fluids.

remains isotonic to

The filtrate, however,

blood

* Reabsorption in Loop of Henle:

o Descending Limb: Thick

mpermeable, Thin segment is permeab

water but Impermeable

a lot of water due

to osmosis, It makes the filtrate hypertonic as

the concentr

~ames high.

actively transports

itial fluid. This ca

of Henle,

Reabsorption in Distal Convoluted Tubule (DCT):

d po Al and ammo
[his maintains the pH and sodium-potassium
ce in blood.
conditional reabsorption depends on the
ction of aldosterone and antidiure
hormone (vasopressin). Under the influe

aldosterone, Ma'

segment is nearly

Previous Year's Questions

Glucose |15

back

glomerular filtrate through:

taken

Previous Year's Question

Which of the following causes
Increase N t reabsorption
sodium in the

tubul

Increase in antidiuretic
hormone levels

ce N aldosterona
Decrease in antidiuretic

hormone levels

from

an
of

r'.;!l.!




from the filtrate, whereas Cl- accompanies i .
- Rack your Brain b

passivel 0.~ als

helps in reabsorption of water.
Reabsorption in Collecting Ducts: Which hormone controls the

Collecting ducts extend from the cortex to reabsorption of Na' in the DCT?

the inner med

Tneir walls become

Hormones €
Glucos

Amino acids -
Capsule

Drugs
=

PO
Creatinine

HCO

> H.0

CORTEX

.

i
HCO

MEDULLA

Collecting
et

K
H
Urea ———eooooe

—
—s

MNaCl

d Their ELim

Loop of Henle

'

ry Products

v

rine

FIGURE: REABSORPTION AND SECRETION OF MAJOR SUBSTANCES AT
DIFFERENT PARTS OF THE NEPHRON




reabsorption of water under the influence of
pressin or ADH.
amounts of
the filtrate to
urine,
A part of urea diffuses out of the lower parts of

ullary interstitium,

Tubular Secretion
Tubular secretion is an
urine formation as it

base balance of the body fluids.

Secretion in Proximal Convoluted Tubule:
hippuric acid, creatinine,
ke penicillin urs in the PCT.
fn wons, D zalts, oxalates,
“reted in
Secretion in Loop of Henle: There is no secretion
n the descendin Henle. Diffusic

1 The thin se

Secretion in Distal Convoluted Tubule: K', H'
ammonia and bicarbonate ions are mainly actively
gecreted into the filtrate in the DCT along with
smaller quantities of uric acid, creatinine, and

extra 5

MECHANISM OF CONCENTRATION OF THE
FILTRATE
The Henle's loop and vasa recta play a significant

""Z-':1i:.'1'.F'l.j |_Jrir'! a counter

current mechanism. The length

Henle's indicate the urine concentrating

ability of the kidneys

Definition
Tubular secretion: The
phenomenon of active se

of metabolic wastes from
peritubular capillaries and
interstitial fluid into filtrate is

called tubular secretion.

Previous Year’s Question

Which one of the following
correctly explains the function
of a specific part of the human
nephron?

Bowman's capsule
Henle's loop: most
reabsorption of the major
substances from the
imerular filtrate
convoluted tubule:
reabsorption of K° ions
inte the surrounding blood
capillaries
Afferent arteriole: carries
the blood away from the
glomerulus towards renal

vEein




Counter

gcial arrangement of Henle's loop

vwater

TUBULAR REABSORPTION AND TUBULAR SECRETION OF

VARIOUS SUBSTANCES

Reabsorbed

) Glucose, aming acids, hormones,
vitamins, Na , K, Mg,
(active transport)

ssive transport)

2 H.O (osmosis)

T
Ca

D {reabsorbed in thin segment
snding limb

Henle's loop
Meant O

gh diffusion and in

1ent of ascending
/o transport)

H.O (reabsorbed with the help
of ADH through osmosis)
Na'(reabsorbed with the help of
aldusieione through active
transport)

Cl and HCO, (ciffusion)

H.O (reabsorbed with the help of
ADH through osmosis)

Na (reabsorbed with the help of
aldosterone through active
transport)

Urea (reabsorbed with the help
of aldosterone through diffusion

Collecting
duct

current mechanism s Tacilitated by
and

e lies in the hypertonic

nding Limb is

Rack your Brain

2 Hippuric acid,
creatinine,
pigments,
drugs,

(active transport)
> H and NH
(diffusion)

J Diffusion of
urea in the thin
1ent of

ding limb

2K, H, NH
(active transport)
0 Some drugs
(active transport)

H' {active transport)
NH. (ciffusion)

K (controlled

by aldosterone
through active
transport)

Some drugs

(active transport)

Vasa recta in present in which
part of nephron?

unable to dilute interstitial fluid as




t enters the asc
Ascending limb of Henle's

ta medulla

to take away water in the ascending limb. NaCl is Previous Year's Question
1 bs into medulla by ascending limb of

Concentration of urine depends

tern is formed because

upon which organ?

cen :'I n f.-" L O an I:.j th e rf- WM ,.'|.rl"_'-: ca I:ISI_i IL'

ascending limb of Henle's loop flows in opposite

: x s Length of Henle's loop
direction and the blood in the limbs of vasa recta (3) PCT

FORROSIES. dIERCTON Network of capillaries ar
in OSMOLs DCCUTS from glomerulus
L rics Hhie nner medul interstitium
(300 mOsmell-1 in the cortex to about
1200 mOsmolL-1 in the inner medulla) due to the
proXimate positioning between the Henle's loop
and va recta and the counter current in them.

gradient in osmolarit Y from cortex to

Bowrmans

Glamerulus
capsulel ;

Outer
600 mOsmo : e | ridiilla

a0 mOsmo

1200 md=rmoil :

Vasa recta Nephron

FIGURE: DIAGRAMMATIC REPRESENTATION OF A NEPHRON AND VASA RECTA
SHOWING COUNTER CURRENT MECHANISM




5
L |

Imin

heir E

T

nner meaulla 1s mainly caused

nding Limb

recta and is then returned to the interstitium by

of vasa recta. Again, some
gmant
nding limb of Henle's loop
to the interstitium
tuoule,
Counter current maintains
gradient In medullary
WhNich helps unhinaderad
water from the lecting tubule,

ntration of the

kKidneys have an ability to

four times concentrated than the initial filtrate

formed.

REGULATION OF KIDNEY FUNCTION
he functions of the kid 5 are
controlled and regulated by
feedback mechanis
(Antidiuretic hormo

apparatus (Renin-Angiot

Regulation by Antidiuretic Hormone (ADH)

llood  osmolarity above
of fluid from
fluid volume o
in blood pressure) c:
of osmoreceptors in the body which

stimulating signals to the hypothalamus to

idiuretic hormone (ADH) o

Atrial
Antidiuretic MNatriuretic
hormone Factor

(ADH) (ANF)

Renin-Angiotensin-Aldosterone
System (RAAS)

Previous Year’s Question

Which of the following factors

pnsible for the formation of
ted urine?

Low levels of antidiuretic

harmaone

Maintaining hyperosmaolarity

towards  inner medullary

interstitium in the kidneys

Secretion of erythropoietin by

juxta glomerular complex
rostatic | ire during

glormerular filtration




convoluted tubule (DCT), thereby preventing Loss

of water in the urine (diures

¢ Fluid volume |

» acts as a vasoconstrictor by

the diameter of the blood wvessels.

constrictory effect of ADH

increases the

ncrease in

Increase in body , a negative
feedback and switch o e osmoregulators,
thereby suppressing the reles of ADH from the

posterior pituitary.

Regulation by Juxta glomerular Apparatus (JGA)
or Renin-Angiotensin-Aldosterone-System

blood wvolume ([(decrease in
the glomerular blood
srrierular filtratio
results in activa f Juxtaglomerular (JG)
cells. The activated JG cells secrete renin.
Angiotensinogen is a protein p in the
liver and re

angiotensing
convert

icular endothelial cells

Angiotensin Il increases the

in glomerular filtration

Il stimulates

ete aldosterone, Alc

blood volume

Previous Year's Question

Which one of the following
statements is corract with

respec to kidney fTunction
lation?
Wwhen someone drinks

of water, ADH rel

emperature
stimulates ADH release
AN INcre; in glomerular

bBlood flonay stimulates

formation of angiotensin II.

During summer when
body loses lot of water by
aevaporation, the release of

ADH is suppressed.

Definition

Juxtaglomerular cells:
Specialised cell present In
the wall of afferent arterioles

which nroduce renin and

ervthropoietin.




3 Proximal
Convoluted

Tubule

- (Lwmmen)
’ ey :‘h 3 Glomerular Angictensinogen (from liver)
“. . Capillaries | Renin

( yih —_—— F'ﬂ-ﬂiltjl'ln w |:'f|'{;|-':|" k -'_'il".i_':'_-,'::

" : ‘ \ Angiotensin
R W, *> Bowman's
‘.\ ! : s Capsule 1|' ACE
| A Juxta glomerular
colls Afferant

Efferent . o 5 . A7 arteriole |
arteriole o : - v

Angiotensin |

.l _ Adrenal cortex
. |
‘Lacis’ eall -

Aldosterona

smooth * Basement |
muscle pistal Convoluted membrane v
fiber Tubule ;
Increased Na’' reabsorption from DCT

FIGURE: STRUCTURE OF THE JUXTA GLOMERULAR
APPARATUS

Il alsa stimulates yroximal 9
tubule [(PCT) :.:.':- re; Previous Year's Quﬁﬁtiﬂn

A fall in the glomerular filtration

renin—
RAAS or e
(1) Juxta glomerular cells to
release reanin
i i - : - enal cortex to release
Regulation by Atrial Natriuretic Factor (ANF) : s :
Incr g In blo volume and blood pres ;
T . relgase
Atrial Natriuretic
adrenaline

Posterior pituitary to release

stimulates the release o

AME) from the walls of the atria of heart

brings the blood volume back to its normal

a e T

VvaSOpressin

5 4

Acting as a vasodilator which increases the
diameter of the b

in the

v Produe

NCr




Inhibiting the rele of renin from JGA. This

further inhibits | and water reabsorption by
o | -.'._-1._-'.|r'-ﬂ

2 LIFINATr ¥ LION
Reduces aldosterone release from the adrenal

gland resulting In decreased re arption of

calt and water, thus decreasing the blood
ANI hanism, therefore, acts to check on the
renin-angiotensin-algosteronea stem (RAAS).
MICTURITION
Human :P':'hjr"‘:""r'f: ’-:lT.E'r the i:ll.'.-.ll:l::,-'-E
urine is poured

zr the urine to the

adder temporarily stores the urine until
t receives a voluntary signal of urine expulsion
ine central Nnervyous s
@ of urine from the urinary
lled micturition or urinati
Micturition is regulated by nerves

and ANS (sympathetic and parasympathetic). The

Lrusor m and the internal sphincter are

pboth unaer the aut

1al sphine

urinary bladder

sympathetic nerve of the autonomic

systermn stimulates the relaxation of the detrusor
muscle of the urinsz
the
bladder,
bladc
800 ml. However atter a till ng of arou e EG

{iIn some persons 300=400

Previous Year's Question

Which of the following do
favour the formation of large
gquantities of dilute urine?
(1) Renin

Atrial natriuretic factor
Alcohol

r

Cerebral cortex

Parasympathetic
fibres

Stretch

receptor

Detrusor, Sensory
muscle

S

internal

sphincter ._.'_E“’th'_':' 3
External ¥
sphincter

-EGH'II'HE
mator fibre

FIGURE: NEURAL CONTROL OF MICTURITION




Eliminal

1a

4

OAduUcts a

MICTURITION REFLEX

CNS

Woluntary contral) | luntary contnod)

Samatic nerves
TAry DilanoeEr

i bladder)
ExTernal

Stretch receptors on the wall of the

Urinary bladder
&m r:r'l'll-'F

detrusor muscle the wrinary
relaxes the internal sphincter which r
e of urine
The external sphincter 15 alw
to tonic contraction of its skeletal r § bers
under the control of th ymatic (voluntary
control).
During mic
signals which nitiate the
pudendal nerve that causes relaxation of
external urethral sphincter along with contraction
of the detri
SLretc
ors of the distended urinary bladder to

d back to urinary bladder for its emptying

iz called the micturition reflex.

URINE

rally, human beings

bladder send signals to the CNS

Detrusor
miusele

Wil FaC bed

interna

Previous Year's Question

wall are totally remc

(1) Micturition will continue

(2) Urine will continue to ct
normally In the bladder
There will be no micturition
Uringe will rg collect in the

bladder




The usual yellow colour of the urine is due to
urochrome 2 3 e OIme
nd drugs.

]!

linity.

terial

On an average, an agult human produces about
1=1.5 litres of urine per day. The amount of urine
varies depending on consumption diuretic
coffee and alco
al activity
type of food consumption and environmental

!_E_:"I:_:_Jl'_:'"-_-;'_l_.'l.-_' :.._-'_*!_-!-_'1 |_|r':':._-1f.ir_:-|! N summer and more

s of water |
ana norganic ingredients
Organic ingredients include nitrogenous
compounds Uke urea {(on an dvelrage,
25-30 gm of urea is excrete 24 NOUrs), Uric
d, creatinine, ci ammaonia,
aming acids, hippuric acig
npounds like oxalic

uble

potassium,

Nagni m, oding, arsenic ang le

Abnormal Constituents in Urine

constituents

Definitions
Urochrome: The pigment
produced by the breakdown of
haemoglobin from the worn-out
RBCs.

Diuretics: Substances that
increase wurine formation and
thereby reduces water content

from the body.

COMPOSITION OF URINE

T
ires
Lire acid : acid
Creating
Crealinine
Amimonia
A acids
Hippunc acid

Water-soluble
vitamins
Hormones




CONDITION

Proteinuria/
Albuminuria

Ketonuria

Glycosuria

Haematuria

Pyuria

Haemoglobinuria

KIDNEY FUNCTIONS

Elimination of waste products: Kidneys primarily

ta  filter out and

and non

Regulation of salt and

ABNORMAL CONSTITUENT IN URINE

Oececurrence of albumin or serum proteins in urine due to
inflammation of glomeruli

e of ketone bodies in urine due to metabalism

of fats during starvation, diabetes mellitus and pregnancy

Occurrence of glucose in urineg as in diabetes mellitus

Occurrence of blood or blood cells in urine due to injury
in urinary tract and kKidneys caused by kKidney stones and

infections

pus cells in the urine indicating

destructive changes or infection in kidney

currence of free haemoglobin in the urine

Previous Year's Question

water balance

(osmoregulation): Kidneys maintain a balance

en ions and water between the blood and ¥ & but eliminated

Regulation of salt balance:

proper sodium-potassium io

Igh liver

Kidneys maintain a the same through bile
n balance which is n the liver, but eliminated

ne S 105ty through Kidne




Conservation of water: ! ;. help
conservation of water by remov water
the urine B

osmotic concentration n inte — : )
-+ Elimination of waste products

renal medulla which is about 1

Regulation of blood pressure: Blood pressure Is » Osmoregulation

ilated through

renin from the jux Regulation of salt balance
Regulation of pH: K

fluids by remon Conservation of water

Elimination of extra materials: Extra vitamins,

Regulation of blood pressure
drugs, pigments, salts

aliminated from the D

Regulation of pH
Erythropoiesis: C '

nt, the juxta ¢ ular cells produce Elimination of extra maternals
hormone called erythropoietin which stimulates

Ak Ervthropoiesis
the bone marrow to increase the rate of formation :

of red blood corpuscles

ROLE OF OTHER ORGANS IN EXCRETION Previous Year's Question

numans, ac ry or additiona Bxcrat ary

in

nclude

o r e X
'..||..'|_r 11 L|.I.|:l|'

Lu“gs_: ._-Jr'gl'fl remiove _-I- 53 T & ) : .:_ !::.r.:”.r:!';..l‘l

el minute ; Intestine

Heart

= F:lilf:' nents)
which are released into } ang with bile

and eliminated al

ADDITIONAL EXCRETORY
ORGANS

almTinio
Lungs —» Sudoriferous
glands

the liver resulting in the production of ammonia
to form urea. The urea Skin =
Sebaceous

or removal atong wit 2 —
glands

Liwver

Skin: In human beings. skin has a very les Large intestine

ntribution in excretion. Sweat

» Salivary Glands




¢ Lelbe AL

are usually as E duce an oily

secretion calleg sebum. iese glands eliminate

substances like oils,

and some nydrocarbo

crete c LI,
|_]r“'-|:'r' :::I inte ne .;'||_|_'_'-"|H '-.."..'i‘_"': fa al matter.
Salivary glands: Salivary glands secrete

supstances ke 0 GSIUMm 'Z'le'.'.l.'J‘.:_!'. r"'":';'."i::.]":-.-'. lead

DISORDERS OF THE EXCRETORY SYSTEM
Uremia

the accumulation of urea and other
nitrogenous end products like uric acid, creatinine,
n the blood due to malfunctioning of kidneys
LEUEITId,
of muscles,
of urea by the

process of haemodialysis.

Renal Failure
Failure to eliminate all the nit
and retain useful electrolyt
called renal or kidney failure. It may cause oliguria
(less than 250 ml of urine production in a day)
anuria {  than 50 ml urine production In a gay),
pulmonary oedema, coma or death.
Acute renal failure is c icterised by abrupt

of Kidne y function due
ACUTE N VRer L&
infection, haemorrha
Immediate haemodia

chrome

renal failure. Ta N sis and kidney

Previous Year's Question

Haemodialysis helps the patient
having:
(1) Goiter

Anaemia

Urermia

(4] Diabetes

Rack your Brain »

Why does consumption of
high content of alcohol causes
excessive urination and
dehydration?




Glomerulonephritis (Bright's Disease)

Glomerulonephritis is cha
f

glomeruli

nflammation o
The glomeruli become

due to widening

Renal Calculi

Renal calculi (kidney stones) are precipitation of

insocluble mass of ¢ allised salts {uric
acid crystals and calcium oxalate crystals, atc.)
formed in the kidne: lich cause a lot of F_'_:a_i['_

Diabetes Insipidus

Diabetes insipidus is caused by the deficiency
of antidiuretic hormone (ADH) or vasopressin.
ADH funct

Nstruct ® al 4 water from

; to regulate the blood pressure by

the cells of the di oluted tubule.
It is characterised by excretion of excessive dilute
urineg and intense ysation of thirst.
ARTIFICIAL KIDNEY
' a T}
mrough the p
nvalves both ditfusion and ultrafiltration,

The instrument o ad in haemodia

lophane tub

purmpir m, heating
apparatus, heparin and antiheparin
Dialysing fluid has the same osmotic
as that of blood K5 nitroge

zis, the blood from an artery

(usually radial) is mixed with hepann, cooled

1

FIGURE: A SCHEMATIC DIAGRAM TO SHOW
THE WORKING OF AN ARTIFICIAL KIDNEY

Previous Year's Question

Bubble trap
Blood pump
(4) Dialyser

al Kidney




Wesoetf 14

" with hep
Dass 1NTo

their concentration gradient, tf

b

The

tllhf_""i 15 L& ] 'il::"'l""'l_r.:ll'- I i_‘.t ure, mixedo

with antiheparin, and then pumped back into the

pat

Tuph he wnin

gnt through a vein.

Mas
thousands of

patients all over the world.

KIDNEY TRANSPLANTATION Gray Matter Alert!!!

It is : of the defective

w functional kidney/s to Theworld’s first kidneytranspls
» the normal functioning of the body v ne by Joseph Murra
5 obtained from a donor. The best donor g Peter Bent Brigham Hospital

followed by in Boston in 1954,

Oung a any o voluntary donor India the first kidney

(allograft). transplant was undertaken at

The success rate of any 1 lant depends the Christian med

=

on 0l jit the donor anc Vellora, Tamil Nadu n 1971,
¢ blood groups of ¢
1] s came, Each individual
three from
They are
HLAs. Hecause

ant &, HLAs

s on the
and the
SURDI
immune system of the recipient
which prevents attacking and

I the transplanted Kidney.
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MAJOR MODES OF EXCRETION

tAnimals which
pxcrete urlec acid are

callad uricotelic)

{Animals which
excrete urea are calloed
wureotelic)

{Animals which excrote
ammonia are called
promanoielsc)
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Chapter Summary

Dacrease in Glomerular } Decrease in Glomerular
Blood Presiure Flitration Rate

\4

Release of Reslin
Y " from JG cells

frgctar enin
(produced in the lver and ———s Angiotensin | »-
released in the blood) v

Angiotensin | ADEiensin Comverting Ennme, angiotensin I

{Eroduced by vasoular
#fuddthealial calls n the Langa)

Increase in Glomerulir Blood Flow
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Release of Atrial Natriuretic Factor
{ANF) from the wall of the atria of heart
=

*ANF

)

Decrease in Blood Pressure
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SOLVED EXAMPLES

Which of the following is the structural and functional unit of kidney?
{1) Neuron (2) Medullary pyramids
{3) Nephron (4) Calyx

(3)

NMephron is the structural and functional unit of kidney.

Select the correct pair of organisms which show mixed excretion.
(1) Prawn and aquatic insects {2) Bony fishes and poriferans
{3) Earthworm and prawn (4) Terrestrial insects and land snails

(3)

Earthworm and prawn excrete both ammmonia and urea.
Aquatic insects, bony fishes and poriferans are ammonotelic.
Terrestrial insects and land snails are uricotelic.

Select the correct statement from the following.
(1) Renette cells are formed in nematodes.

(2) Nephridia are excretory structures present in Amphioxus.
(2) Green glands are present in Planaria.
(4) Malpighian tubules are the main excretory structures of platyhelminthes.

(1)

Nephridia are excretory structures of annelids.

Green glands are present in Prawn.

Malpighian tubules are the main excretory structures of insects like cock-
roach.




The major calyces open into:
(1) Medullary pyramids (2) Columns of Bertini
{2) Renal pelvis {4) Hilum

(3)

The major calyces open into renal pelvis.

Out of the total nephrons in both the kidneys, cortical nephrons are about
(1) 15% (2) 50% (3) 95% (4) B5%

(4)

Cortical nephrons form about 85% of the total nephrons in both the kidneys.

In a normal, healthy human being, the glomerular filtration rate is about:
(1) 125 litres per day (2) 125 millilitres per minute
(3) 125 millilitres per day (4) 125 litres per minute

(2)
In a normal, healthy human being, the glomerular filtration rate is about 125
millilitres per minute.

Choose the incorrect statement about the Loop of Henle.

(1) Descending limb of Henle's loop is impermeable to electrolytes and per-
meable to water.

(2) Filtrate in the descending limb of Henle's loop is hypertonic.

(3) Ascending limb of Henle's loop is impermeable to electrolytes and per-
meable to water.

(4) Filtrate in the ascending limb of Henle's loop is hypotonic.

(3)
Ascending limb of Henle's loop is impermeable to water and allows active
and passive transport of electrolytes.




Human kidneys can produce urine nearly:

(1) Two times concentrated than the initial filtrate formed.
(2) Five times concentrated than the initial filtrate formed.
(3) Three times concentrated than the initial filtrate formed.
(4) Four times concentrated than the initial filtrate formed.

(4)
Human kidneys can produce urine nearly four times concentrated than the
initial filtrate formed.

Angiotensin Il

(1) Reduces blood pressure by constricting the blood vessels.
{2) Increases blood pressure by constricting the blood vessels.
(3) Reduces blood pressure by dilating the blood vessels.

(4) Increases blood pressure by dilating the blood vessels.

(2)

Angiotensin Il increases blood pressure by constricting the blood vessels.

Diabetes insipidus is characterised by:

(1) Excessive concentrated urine and intense thirst.

(2) Excessive dilute urine and intense thirst.

(3) Excessive concentrated urine and presence of large amounts of blood
sugar in urine.

(4) Excessive dilute urine and presence of large amounts of blood sugar in
LI,

LN

- |

(2)
Diabetes insipidus is characterised by excessive dilute urine and intense
thirst.
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