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UNIT —Il HUMAN ANATOMY AND PHYSIOLOGY

Il B--EXCRETORY PRODUCTS AND THEIR ELIMINATION

Very Short Answer Questions

1. Name the blood vessels that enter and exit thedkey?

A. Renal arteryenters kidney andenal veincomes out of the kidney at hi egion of
kidney. O
2.  What are renal pyramids and renal papillae? o

A. Renal pyramidare the conical shaped medullary regions@
Tips of the renal pyramids which open ip&vis are con@e asnal papillae.
3. What are the columns of Bertin? 0

A. Extensions of the renal cortex among th b ids in kidney are known &%lumns

of Bertin. 0

4. Name the structural and functi @y nit of kidng/. What are the two main types of

structural units in it? e @

A. Nephronsre the struc %d functional units of kidney.
The two main par ron are:

(1) Malphlg‘an Eo enal corpuscle) and (2) Convaluigbe

5. tween cortical and juxtamedullarynephrons?
A ca nephrontnave renal corpuscle in the superficial renalecarThey have shortest
Loop of Henle extends only very litildo the medulla. Vasa recta are absent.
* Juxtamedullary nephrorage located near the renal medulla. Loops of Hardevery long

and run deep into the medulla. They have vasa.recta
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6. Define glomerular filtration?

A. The method of filtration of blood, which occub&!twe@omerulus and lumen of the
Bowman’s capsule, due to difference in net pre 3 layered filtrate membrane is
known asglomerular filtration (p,

The filtered fluid which collected in ttgoyvm capsule is primary urine or glomerular

filtrate. It ishypotonic. 0

7. DefineGlomerular Filtration FR)?
®
A. The amount of filtrate for both the kideeper minute is calleglomerular filtration
rate(GFR). GFR i e individual is approximg5 m|/ 1 minute.

8. What is me andatory or obligatory reabsoption? In which parts of nephron
does,it o¢c

A. In person, the GFR125ml/ 1minute or 180 liter per day.
Ab

out 85% of the filtrate formed is reatisd in a constant, unregulated fashion by the

proximal convoluted tubule and descending limb oénld’s loop, called mandatory

reabsorption.
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Distinguish between juxtaglomerular cells and meula densa?

* The cells of the distal convoluted tubule ateowded in the region where distal
convoluted tubule makes contact with afferent ater These cells are known as Macula
densa.

* Along side of macula densa, the wall of the edfé arteriole contains the modified

smooth muscle fibers called juxtaglomerular cells.

What is juxtaglomerular apparatus?
Macula densa along with juxtaglomerular cellsniojuxtaglomerular@a us which

releases an enzyme called renin. o
Distinguish between the enzyme renin and renrh Q.
catalyses the conversion

Renin: Renin is an enzyme produced by the JG %ells.w

of angiotensinogen into angiotensin- I.

Rennin: Rennin is also an enzyme found in tz&t Iejutinfants. It acts on the milk

protein casein in the presence of calciunb ert it into calcium paracaseinate and

proteoses. 0

What is meant by the term osmg

The process of maintaiming @uantity of wated dissolved solutes in balance is referred

to as osmoregulatw

What is the ro |aI natriuretic peptidein the regulation of urine formation?
A large in cre blood volume promotes tHease of atrial natriuretic peptide from the
A atriuretic peptide decreases theogition of water, Na'from proximal

convoluted tubule.
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Short Answer Type Questions

Terrestrial animals are generally either ureotdt or uricotelic and not ammonotelic.
Why?

Ammonia is highly toxic and readily soluble imater, hence it should be eliminated from
the body quickly in a very dilute solution.

Aquatic animals are surrounded by water, so waiaservation is not a proble r them.
In this manner, they are continuously eliminatingnaonia.

On the other hand, terrestrial animals have tseme water. They can aste water. So
ammonia in diluted form can’t be eliminated contnosly. Since a m highly toxic,
it has to be converted to less toxic form, likeauoe uric acid. n@

Urea is 1, 00,000 times less toxic than ammondaraquires@gter for their excretion.
Uric acid is less toxic than urea and being inskazlti‘p Wa be excreted as semi solid

waste or pellets with very little water. This i$% antage for animals with little

access to water. ‘v

Differentiate vertebrates on the basi (Qtrbgenous waste products they excrete,
giving example? '6

Vertebrates are divided into thr gorieseban nitrogenous waste excretory products.

They are: ® @
1) Ammonotelic A%\(he animals which excrete ammonia as nitrogenoastev

products are caIIeEa notelic animals. Thesaguatic organisms.

Ex: Some hony/ fi
2) Ureotelj Is: The animals which excrete urea as their chiebgé@nous waste are

cal r animals.

Ex™Earthy worms, cartilaginous fishes, most of the lailmpns and mammals

3) Uricotelic Animals: These animals excrete their nitrogenous wasteugtedn the form
of uric acid.

Ex: Reptiles, birds
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Draw labeled diagram of the V.S. of kidney?

papilla

Describe the internal structure of kidney of maf Q‘
Cortex Renal O

Fibrous ) x
capsule Minor
calyces N/

Major
calyces M&%‘ﬂ'ﬁ

pyramids)
Renal
artery Arcuate

vein

Renal
vein

Renal
pelvis artery
Interlobular
vein

Ureter

* Ki new_gshaped structure, the outefasgr of kidney is convex and inner surface

is where it has a deep notch called hilum.

* Longitldinal sections of the human kidney shawvo tdistinct regions namely the outer

cortex and the inner medulla.

* Medulla is divided into multiple cone shaped s of tissue called renal pyramids.

* The renal pyramids are separated by ttugeptions of the cortex called columns or
Bertin.

* The tips of the pyramids are renal papilla.
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* Renal papilla projects into cup like calyces,n@ad by the funnel shaped pelvis, which
continues out as the ureter. Ureter carries unteeurinary bladder.

* In cortex and medulla, nearly one million neplsare present. They are structural and
functional units of kidney. They are embedded ia libose connective tissue of cortex
and medulla.

* In addition, kidney contains a network of bloaapdlaries, lymph sinuses and interstitial
fluid in intra cellular spaces.

* The kidney gets blood supply through renal arteng blood from kidney,i rried out

by renal vein. O
Explain micturition? o

The process of passing out of urine is calledraninutrition/a fhe neural mechanism
involved is called micturition reflex.

Urine is formed by the nephrons is ultimately & OQ urinary bladder where it is

stored till a voluntary signal is given by the %o'us system (CNS). This signal is
initiated by the stretching of the urinary b @gets filled with urine. In response, the
stretch receptors on the walls of the hla sequlals to the CNS. The CNS passes on

motor messages to initiate t tyaction of smootuscles of the bladder and

simultaneous relaxation of the @ il sphinaausing the release of urine.

",
What is the signifthaglomerular appaatus (JGA) in kidney function?
t t

Macula dense to h JG cells forms julkdagerular apparatus (JAG). JAG plays a
complex regulati le. A fall in glomerular blodldw or glomerular blood pressure or
GFR can %’JG cells to release an enzymedcedhin into the blood. This, catalyses
the €en of angiotensinogen into angotensihwhich is further converted into
angiotensin — Il by angiotensin converting enzymagiotensin — Il, being a powerful

vasoconstrictor increase the glomerular blood presand there by GFR. Angiotensin — II

also activates the adrenal cortex to release adwst. Aldosterone causes reabsorption of
Na*and water from distal convoluted tubule and coilectduct, to reduce loss through

urine and also to promote secretionkof ions into distal convoluted tubule and collecting
duct. It leads to increase in the blood pressum® GRR. This complex mechanism is

generally known as renin — angiotensin — aldoseerystem (RAAS).
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Renin-angiotensin-aldosterone system

: Legend
Sympathetl
| N S
'b‘- : - -ﬁp Laimuistoey
vl ote i
L ' K = = wpe [FPubEGry fagral
B e » Tubular Na* CI _
aqn::-nrn_-:aﬂ_r::?’n: - reabsorption and K =fprm s Pty
d -A{;L thieliL : : excretion, H,0 r::e NEon | by e b b — Aitive trareport
@': l: l.II ..-‘"_sr"""ﬂ [} :$ At e i
¥ - aelew i
ANQIOtENSINOQEN m—Anglotensin | Angiotensin I === === 'f - mdc's_t"‘mr":
" o - SRR Water and salt
A @ ] .'J'g > retention. Effective
sk | ; [ \ circulating volume
Pc‘:l‘ﬁt-:f.;iffu:mn ® g T increases. Perfusion
[Juxtaglomc:ula: 3 :: : L 3 G Arteriolar of the juxtaglomerular
apparaltus) [ W == === cacoconstriction apparatus increases.
; x Increase in blood :
.u :.'._I IL pressure - i
¢ dner | \ i :
: "?"' (('é—-;;un secrotion H
: Pt '-‘;: gland : :
: PottErat b :
' Collecting d t
: ollecting duct: - -
; MO ntm}grp:-en i ‘/J H
7. Give a brief account of the counter current sm?
A. Mammals have the ability to produce c@traiﬂde. The Henle’s loop and vasa recta
play an important role in this. The f he atfiltrate in the two limbs of Henle’s loop
IS in opposite directions and t m counterrentt The flow of blood through vasa

recta is also in counter.cur@o tern. The pnityi between the Henle’'s loop and vasa
recta, as well as the cou rrents of rena tind blood in them help in maintaining an
increasing osmolarity, t rds the inner medullaenstitium. This gradient is mainly
caused by NaC ea. NaCl passes out the asgdimdb of Henle’s loop, and it enters
the blood o scending limb of vasa recta. INe@turned to the intestitium from the
asce di%'on of the vasa recta. Similarly $malounts of urea enter the thin segment
of ing limb of Henle’'s loop which is trangpdrback to the interstitium, from the
collecting duct. Transport of these substanceditizteld by the special arrangement of
Henle’s loop and vasa recta is called the counteent mechanism.

This mechanism helps to maintain a concentrati@aaignt in the medullary interstitium.
Presence of such interstitium gradient helps easgage of water from the collecting duct,

there by concentrating the urine.
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Figure 6. Diagrammatic representation of a nephron and vasa recta showing
counter current mechanisms

hd

Explain th (o] %atory mechanism of GFR?
Auto Re tiop, of GFR: The kidneys have built in mechanism for the retpia of
glome ulg&raﬂon rate. One such efficient manlsm is carried out by juxtaglomerular
apparatys. Juxtaglomerular apparatus is a spegalr formed by cellular modifications in
the distal convoluted tubule and the afferent aferat the location of their contact. A fall
in GFR can activate the juxtaglomerular cells tiease and enzyme called renin, which
catalyses the conversion of angiotensinogen intpoéensin — | and further converted to

angiotensin — Il by action of an enzyme angiotercginverting enzyme. Angiotensin — Il

stimulate the adrenal cortex to secrete aldosterdldesterone causes reabsorptionNat"

and water from DCT and collecting duct to reduaslthrough urine and also promotes the
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secretion ofK™ ions into the DCT and CD (collecting duct). It dsato increase in the

blood pressure and GFR.

Describe the role of liver, lungs and skin in exetion?

In addition to the kidneys, liver, lungs andrskilso plays an important role in elimination
of excretory wastes.

a) Liver: Liver is the largest gland in our body, secretis, ltontaining substanges, like

bilirubin, biliverdin, cholesterol, degraded st@rdiormones, vitamins and dra ost of
these substances ultimately pass out along witbstlige wastes.

b) Lungs: Lungs remove large amounts GO, (18 liters 1 day), var@Qatile materials
and significant quantities of water.

c) Skin: Human skin possesses two types of glands nam@vd.sebaceous glands for
the elimination of certain substances through tbegreti

* Sweat produced by the sweat glands is a WKwtaining NaCl, small amount of

urea, lactic acid, etc. @
* Sebaceous glands eliminate certain /Stb &esslierols, hydrocarbons and waxes
through sebum. This secretion prm@ tedtlyecovering for the skin.

Name the following?
a) A chordate animal hg\/&'@onephridial tygeretory structures

Cephalochorda
b) Cortical portio jecting between the mealyllpyramids in the human kidney ....

Columns tin
C) Capillw rk paralleling the loop of Henle.... Vasa recta

d)c nEE rdate animal having green glands aséxy structures........ Crustaceans
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Long Answer Questions

Describe the excretory system of man, giving thetructure of a nephron?

In humans, the excretory system consists of ia gfakidney, a pair of ureters, a urinary
bladder and urethra.

Kidneys: Kidneys are reddish brown, bean shaped structsitesited on either side of the
vertebral column between the levels of last tharamnd third lumbar vert e in a
retroperitoneal position. The right kidney is stighlower than the left o to the
presence of liver.

The outer surface of the kidney is convex andininer surface is c 7 where it has a

deep notch called hilum, the point at which theatertery and nerv nter and renal vein

. . . : @
and ureter leave. Each kidney is surrounded byghtdfibrougtisSye, called renal capsule.

Ureter: These are slender whitish tubes, which eper @ pelvis of the kidney. The
ureter run down and opens into the urinary bla

Urinary bladder: Urinary bladder is a pea d& like musculaamrdt temporarily
stores the urine, situated in the lower ab @y The neck of the bladder leads into
the urethra. Urethra opens near theé' riidbe female and through the penis in the

male.

and functional units ofkid embedded in thes®b@onnective tissue of cortex and
medulla. Nephron ts ' @f malphigian body amalreubule.

%%;
>

Structure of Nephron: Each kgd as nearly one million nephrons. Tlasestructural
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[) Malphigian Body: It begins in the cor@h{; kidney. It contaBswman’s capsule

@

f\

Collecting duct

and glomerulus Q

a) Bowman’s Capsuleilt is a led, double layered cup. The inmexll of the
Bowman’s capsule has certa e cells calletbpptes.

b) Glomerulus: It is ; network of capillaries in the cupBalwman’s capsule.
Afferent arteriole n gt(ery enters the cawf Bowman’s capsule and split into five
branches. They d come out of the Bowmaapsule as an afferent arteriole.

The podo inner wall of Bowman’s capsuleapvraround each capillary. The
podocyte?ﬁ rranged in an intricate manner 40 &saves some minute spaces called
filt S

fene jons.

The endothelium cells of capiles have numerous pores -called

II) Renal Tubule: It is narrow, delicate tubule arises from the paost part of Bowman'’s
capsule known as neck. It opens into along narromvaluted tubule with three parts like
proximal convoluted tubule, Loop of Henle and Distanvoluted tubule.

a) Proximal convoluted Tubule: It is a lined by simple cuboidal epithelium witlhuksh

border to increase area of absorption.
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b) Loop of Henle: It is a hairpin like tubule present in medullaioeg It consists of a
descending limb and an ascending limb. The proxpaal of the ascending limb is thin and
the distal part is thick. The thick ascending limbntinuous into the distal convoluted
tubule.

c) Distal Convoluted Tubule (DCT): It is present in cortex. It is lined by simple cidad
epithelium. The DCT continuous as the initial coflieg duct in the cortex.

Collecting System: Some initial collecting ducts unite to form stiatigcollecting duct,
which passé through the medullary pyramid. In tleslatia, the tubes of eac amid join
and form duct of Bellini, which finally opens intip of the renal papilla.
Capillary Network of Nephron: The efferent arteriole emergin rQh
forms a fine capillary network called the peritidoutapillaries, arm
The portion of the peritubular capillaries thatreunds the I@l—?enle is called the vasa
recta. The vasa recta is absent or highly :edug' cortical nephrons. The

juxtamedullary nephrons possess well developﬂ&&
Explain the physiology of urine formation? (b
The formation of urine involves three a@;mms namely

1) Glomerular filtration 26

2) Selective reabsorption

e glomesulu

the renal tubule.

3) Tubular secretion e

1) Glomerular Filtw first step in urine formation. The procedsfitiration of

blood, which occurs®getween glomerulus and lumerthef Bowman’s capsule due to
difference in n ure, is called glomeruléation.

The hydro%essure of blood while flowing thee glomerulus is 60mm Hg. It is
op d lomerular colloidal osmotic pressuré8&inm Hg and Bowman's capsule
hy atic pressure of 18mm Hg.

The net filtrate pressure is 10mm Hg (60 — 32 =1®). This causes the filtration of blood
through the 3 layered filtrate membrane formed Iogloghelium cells of glomerular
capillary together with the basement membrane aubgytes of the Bowman’s cup. By

the result of glomerular filtration primary urine cenal fluid is collected in lumen of the

Bowman’s capsule.
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The primary urine contains almost all the constitis of plasma, except the proteins. The
primary urine is hypotonic to the cortical fluid;passes into the next part of renal tubule.

2) Selective ReabsorptionDuring the process of glomerular filtratidr25ml/ minute of

primary urine is formed. Nearly 99% of which anded#ial substances are reabsorbed by
renal tubules called selective reabsorption. Al8%% of filtrate formed (primary urine) is
reabsorbed in a constant unregulated manner aableghtory reabsorption.

3) Tubular Secretion: During the formation of urine, the tubular celecsete sulastances

such asH™, K™ and NH; into the filtrate/ Tubular secretion is also arpogtanfystep in

the formation of urine as it helps in maintenant®noic and acid base
fluids.

Mechanism of selective reabsorption and secretakes place J'n different parts of

of the body

nephrons.

a) In the Proximal Convoluted Tubule: Nearly all the tiaI nutrients and 70 — 80% of
electrolytes and water are reabsorbed by this s %

Na®, glucose, amino acid<;I~ and other es?l substances are reabsorbedlaud.

PCT also helps to maintain the pH and ignic

H™ and NH, into the filtrate an y@sorption |@COoO; from it.

b) In the Henle’s Loop: Reabsor yin this segment is minimum.

arideody fluids by selective secretion of

* The descending loop @f HEle js permeable teewanhd almost impermeable to

electrolytes results the'iltrate.
The ascending Iim@‘wo specialized regi@nproximal thin segment in which NacCl

diffuses out terstitial fluid passively, anstal thick segment, in which NaCl is
actively p out.
The asc limb is impermeable to water. Thesfiltrate becomes progressively more
dil moves up to the cortex i.e., towalusDCT.

In the® distal convoluted tubule (DCT): It is permeable to water and ions. The

reabsorption of water is variable depending on isg\@nditions and is regulated by ADH.

DCT is also capable of reabsorption d€O; and selective secretion ¢f* and K™ ions

and NH; into DCT from peritubular network, to maintain thel and sodium — potassium

balance in the blood.
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In the Collecting Duct (CD): Considerable amount of water could be reabsonwed this

region to produce concentrated urine. This segrakdmis passage of small amount of urea

to medullary interstitium to keep up its osmolarityalso plays a role in the maintenance of

pH and ionic balance of blood by the selectiveetsmn of H* andK™ ions.
The renal fluid after the process of facultatiealysorption in the CD, influenced by ADH,

constitutes the urine that is sent out. Urine an@D is hypertonic to the plasma of blood.
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