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EKCRETORY PRDDUCTS AND
THEIR ELIM]NAT’[GN

Amimals accumulale amumonta, urea, une acld, carbon dioxtde, water
and 1ons lke Na*, K*, C1, phosphate, sulphale, ele.. efther by melaballe
acitvities pr by other means ltke excess Ingestion. These substances have
to be removed (otally or partiaily. In this chapter. you will lecarn the
mechamsms ol cllmination of these substances with special emphasis on
common nitrogenous wastes. Ammonia, urea fnd ure ackd are the major
lommns of uurﬁgtﬂlmm wastes excreied by the antmals. Ammonta Is the
most faxie form and reguires large amount of water for ils eltmniton,
whereas uric actd. being the least loxie. can be removed with a mintmum
loss of waler

The process ol excrellng ammonta s Armigrekellsin. Many bony fishes,
pruallc amphiblans and agualle insects are apmmonoletic In nature,
Ammaonta, as It 1s readily soluble, ts generally exereled by diffuston across
biogdy surfaces or through @il surfaces (in fish) as apmmontum lons. Kidneys
do nol play any significant role in 1ts removal. Terrestintal adaptation
necessilated the production of lesser toxic nilrogenous wasles like urea
and urle acld for conservallon ol waler, Manundls, many lerresinial
amphiblans and marne fishes matnly ewcrete urea and are callix] ureotelic
animals. Ammonla produced by melabolism 1s converted nto urea in the
Itver of these antmals and released tnto the blood which ts filtered and
cxoreted out by the kidneys. Some amount of urea may be retatned in the
ltdney mairix of some of these animals lo matntalin a destred osmolarily.
Reptiles, binds, land saalls snd insecls exerele nilrogenouss wisles as uric
actd in the form of pellet oy paste with a minimum less of watler and are
called gricotellc animals.
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A survey of antmal kingdom presents a variety of exerelory strictires,
In most of Lhe invertebrales, these structures are simple (ubular forms
whercas veriehrales have complex tnbular organs called kidneys. Some
ol these siructiores are menlloned here. Prolonephndia or Danie cells are
the excretony structures in Platyhelminthes [Flatworms, e.g., Planaria),
mitifers. seme annelids and the cephalochordate - Amphioxiis.
Protonepliridia are primartly concerned with tonic and fud volume
regulation, Le., osmoregulation. Nephridia are the uibular excrelory
siructures of earthworms and viher annelids. Nephridia help (o remove
nitrogenous wasles and maintam a Mutd and tonte balance. Malpightan
{ubntles are the excretorny stmiclures of most of the insects including
cockroaches, Malptghtan tubules help tn the remaval of 'Ii!u"ngmmm
wastes and osmoregulation, Antennal glands or green glands perform

the excrelory [nneilon In cristateans ke piawns.

16.1 Humaw Excrerony SystEMm

In nimans, the excreiory sysiem consisis
ol a pair of kidneyvs. one palr of urelers. a
urinry hloddey and a urethra (Flgure
16,1} Kilneys are reddish brown. bean
m&?m glaad shaped structures stluated between the
- é&fﬁﬂru {Hmm] artery levels of last thoracie and third lumbar
P i veriehra close Lo the dorsal mner wall of
Pelits . A the abdominal cavity, Each kidney of an
. ; adult human measures 10-12 cm in
Medula Ry length, 5-7 em In width, 2-3 em in
F— thickness with an average weight of 120-
; L orsal aurto 1700 g Towards the cenire of the mner
Y e concave surface of the ki{lpt::.r 1s a nolch
Hreler called hilum through wiitch ureter, blood
vessels and nerves enfer. Innerdo the hihan
ts 2 broad funnel shaped space called the
a—— Urlnary rematl pelvis with projections called calyees,
male—— The outer layer of kidney is & tough
Urethra capsule. Instde Lhe lddney, there are two
rones, an ouler corlex and an inner
Figure 16.1 Human Unnary system medulla. The mednllz s divided tnto a fow

conlcal masses (medullary pyramids)
projecting inlo the calyces {sing.: calyx).
The cortex extends in between Lhe
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medullary pyramids as renal columns called Merlulliry
Columns of Bertinl (Flgure 16.2). I?T“m’“'
Each kidney has nearly one million Renal

complex tubular stmichures called nephrons mhm'f,’

(Funow 16.3), which are the functlonal unils.
Each nephron has two parls — the
glomerulus and the renal tubule. _, _
Giomerulus is a (uft of capillartes formed hy _ g enal arlery
the afferenl arteriole — a fne branch of renal g o Retnil vein
artery. Blood from Lhe glomerulus s carmied
Henal

away by an efferent arteriole. capsmle

The renal tubule begns with a double
walled cup-like structure called Bowman's
capsule, which encloses Lhe glomerulus.
Glomerulus alongwith Bowman's capsule. 15
called the malpighian body or renal Figure 16.2 Longitudinnl scotion {Dingrmmnatic)
corpusecle (Figure 164). The tubule of Ridnay
conttmies rther (o form a highly colled
network — proximal convoluted tubule
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Afferent arteriole IPCT). A halrpin shaped Henle's loap is

the next part of the lubule which has a
Hiferent descending and an ascending Hmb, The
arterinle ascending imb continues as another ehly

cofled tubular fFeglon called dlstal
"..ﬂ_-\\ Howman's  ponvoluted tubsle (DCT). The DOTs of
many nephirons open into a strajght tube
called collecting duct, many ol which
copverge and open mto the renal peivis
throngh medullary pyramids tn the
calyres.

The Malpightan corpuscle, PCT and
DT of the nephron are si{uated i the
corilcal region of Lhe Kidoney whereas the
4 Proximo loop of Henle dips Intu.ﬂ}r meditlla. In
convohited tubule majority of nephrons, the loap of Henle 1s
too short and extends only very little into

Flgure 18.4 Malpighian bidy (remil corpusele)  the medulla. Such nephrons are called

coritcal nephrons. In some of the neplirons,
the loop of Henle 1s very lang and runs desp into the medulia. These
nephirons are called juxta medullary nephrons.

The efferent arieriole emerging from the glomeruius lorms a fAne
caplliary nelwork around the renal iubiile called the peritubular
captliaries. A minuie vessel of this network runs paralie! to the Henle's
loop forming a U’ shaped masa recta.  Vasa recta 15 absent or highly
reduced Incortical nephirons.

16.2 Uzrme ForsmaTtion

Urine fomailon tnvolves Lhree main processes namely, glomerular
flitraton, reabsorption and secredton, that takes place in different parts of
the nephron

Thee firsl slep In urine formation is the fltration of tlood, winch is camed
ont by the glomerahus and is called glomerular filtration. On an average,
1 1O 1200:mi of biood ts filtered by the kKidneys per mimute which constitute
roughly 1/5 of the blood pumped oul by each ventricle of the heart tn a
mitte. The glomerular capillary bloed pressure causes fitratton of blood
through 3 lavers, Le.. the endotheltum of glomerular blood vessels, the
epithelium of Bowman's capsule and a basemen! membrane between these
twa lavers. The epithelial colls of Bowman's capsule called podocytes arc
armnged In an intricale manner so as Lo leave some mintle spaces called
filtration slits or slit pores. Blood 1 filtered so [inely through these
membranes. that almos| all the constituents of the plasma excepl the
proteins pass onto the himen of the Bowman's capsule. Therefore, 11 is
considered as a process of nltra filiration.
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The amount of the Qltrate formed by the kidneys per tiimule 1s called
glomerular flliration rate |(GFH). OFR In a healiby individual is
ppproximmlely 125 mi/minuie, Le,, 180 lirss per day !

The kidneys have butlt-in mechantsms for the regulallon of glomeralar
Oltration rate. CUne such effictent mechanism Is carmed oul by juxta
glomemlar apparatus IGA) JGA ts a spectal sensttive remon [ormed by
cellnlar modtfications tn the distal convoluted tubule and the afferent
arteriole at the locatlon of thetr contact. A [&ll 16 GFR can activate the JG
cells Lo release reninwhich can stimulate the glomerular blood ow and
therelw (he GFR back Lo normal.,

A compartsan of the volume of dwe filtrate formed per day (180 Uires
per day) with that of the urine released (1.5 litres), suggest (hal nearty 99

per cent of the flirate has to be reahsorbed by the renal tubules. This

process is called reabsorption. The tubuiar epiihelial cells in different
segmenis of nepliron perform this etthier by active or passtve mechanisms.
For example, subsiances ke glucose, amino acids. Na®, ete., m the Alumate
are reabsorbied actively whereas the nitrogennus wastes are absorbed by
passive transport. Reabsorplion of waler also ooours passtvely in the inliat
segmnents ol the nephron (Flgure 16.5).

Durnng urine formation, the tubular cells sectele substances ke H'.
K and ammonia inio the Blirate. Tubular secretion s also an Imporiant
step o unne formation as i helps m the mamtenance of fonic and acid
base balance of body fulds,

16.3 FuncTtion or T TusuLES

Proximal Conveoluted Tubule (PCT): PCT ts lined by stmple cubotdal
brush border epiticham wiich mcreases e surface area for reabsorption.
Nearty all of the essential nutrients, and 70-80 per cent of electralyies
and waler are reabsorbed by Lhis semmenl. PCT also helps lo malntain
ie pH and 1onic balance of the body laids by selecttve secretion of
hiydrogen fons and ammonta into the filtrate and by absorption of
HCO, from 1t

Henle's Loop: Heabsorpiion is minimum in iis ascending Hmb.
However. this reglon plavs a signtficant role in the matntenance of high
asmolarity of medullary Interstitial Matd. The descending tmb of loop of
Hemle Is péimeable to waler but almost impermeable 1o elecimolyles. This
concenirales the fltrale as it moves down. The ascending Utmb 15
tmpermieable 1o waler bul allows transport of electrolvies actively or

passively. Therefore, as the concentrated fltrate pass upward, I gels

dilnted due to the passage of electiolytes to (the medullary flutd.

Distal Convoluted Tubule (DCT): Condiitonal reabsorption of Na®
arid waler talkes place n Uils seemweril. DUT 1s also capable of reabsorplion
of HCO), and selective secretion of hydiogen and potassinm tons #nd
NH, to maintatn the pH and sodtum-polassinm balance 1n ilood.
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also tna counter current pattern. The proximitty between the Henle's lnop
and vasarecin, d@s well as the counter carrenit i themn help thmeintaining
an Increasing asmolarily owards the ner mednllary titesstilain, Le..
from 300 mOsmolL ' i the cortex to about 1200 mOsmolL * in the omer
medulla. This gradient s mainly cansed by NaCl and urea. NaCl is
transporied by the ascending b of Hezile's loop which 1s exchanged
with Lhe descending limib of pasa recla. Natl is retumed (o Lhe inlesiitium
by the ascending portion of pasa recia. Stmitlarly, small amounts of urea
enter the thin segment of the ascending limb of Henle's loop which 1s
transported back to the interstiium by the collecting tubule, The above
descrtbed transport of substances faciitated by the spectal arrangement
of Hemie's loop and vasa revto s called the counter carrent mechanism
(Fumre. 16.6). This mechantsm helps to mamisin a conventration gradient
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11 the medullary interstithmm. Presenice of such interstiital gradient helps
In an easy passage of waler from the collecting tubule thereby
concentraiing the Qtmte (urne). Homan Kidneys can [nﬁhmr urine nearly
four ftmes concentrated than the tntttal fiitrate formed.

16.5 Recuiamion or Kipxey Fusction

The fumcticing of the kidneys is elllclenlly gionitored and regulated by
hormonal fecdback mechantsms tnvolving the hypothalamus, JGA and
{0 a certatn extent, the hear.

Osmoreceptors in the body are artivated by changes in biood volume,
body Tud volume and 1onie copcentraton. An excessive loss of (uwd from
the body can activale these receplors which siimulate the hiypothalamus
to release antidivretic hormone (ADH) or vasopressin from the
neurohypophysts. ADH factlitates water reahsorptton from lalter paris of
the tubule, therely preventing diuresis. An Increase n body [uld volume
can swilch off the osmoreceplors aud suppress (he ADH release (o complete
the feedback. ADH can also affect the kidney funclion by its constrictory
effects on blood vessels, This causes an ihorease tn blood pressure. An
increase in blood pressure can increase the glomerutar blood Now and
thereby the GFRL

The JGA plays o complex reguiatory role. A fall in glomenilar blood
flow /glomenilar blood pressune/GFR can activate the JG cells to release
renin which converts angiolensipogen 1 blond to anglolensin | and
further Lo anglolensin 11, Anglotensin [, being a powerlul
vasoconsinelor, ineréases the glomerular blood pressure amd Lhereby
GFR. Angiotensin [ also activates the adre nal corlex lo release
Aldosterone, Aldosterone canses reahsorption of Na*® and waler from
the distal paris of the tubule. This ailso leads (o an increase n blood
pressure and GFR. This complex mechanisim 15 generally known as
the Renin-Anglotensin mechanism.

An nerease in blood low to the aina of the heart can canse the release
of Atrial Natriuretic Factor (ANF). ANF can cause vasodilation (dilatton of
blood vessels) and thereby decrease Lthe blood pressure. ANF mechantsm,
therefore, acts as a check on the enin-angiolensin mechanism.

18.6 MicTurmos

Urtne formed by the nepluons 1s nltimately carred o the urinay bladder
where it is stored il a voluntary signal 1= giverr by the central nervous
syslem [CNS) Tlis sienal s intttated by e stretehitng of (e urinsry biadder
as || g=is Nlked wilh urine. In response, Uie streleh receplors on the walls
of the bladder send stgnals to Lhe CNS. The CNS passes on molor messages
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Lo friigte the contraction of smooth muscles of the bladder and
simullaneous relaxation of the urethral sphineler causing the release of
urine. The process of release of unne s called micturition and the neural
mechanisms causing it 1s called the micioriton refllex. An-adult human
c=xoreles, on an averase, 1o 1.6 Hires ol drine per day. Thie urine lormmed
Is o Ughi vellow colonred walery luid which 1s slighily acidic [pH-6.11)
and has a characterestic odour On an average, 25-30 gm of urea 18
excreled putl per day, Various conditions can affect the chamcteristics of
urine. Analysis of urine helps i clinical diagnosts of many melabolic
discorders as well as mallunctontng of the kidney. For example, preserice
of glucose (Glyveosurial and ketone bodies (Kelonuda) in urine are
ndicative of diabetes mellitus.

16.7 RoLe or otaer Orcans v ExcreTion

(Oiher than Lhe Kdneys, lungs. Iiver and skinalso help n the elimination
of excreiony wasies.

Our lungs remove large amounts of CO, (approxtmately 200mL/
mirmute) and also slgntficant quantities of waler every day. Liver, the langesi
gland in our body, secretes bile-contatning substances ke hiltrubm,
Diltverdin, cholesterol, degraded steroild hormones, vitamins and dioes.
Mosl of these substances uliimalely pass oul alongwith digesitve wasles.

The sweat and sebaceous glands in the skin can ellminate certan
substances through their secrettons. Sweal produced by the sweal
glands 15 a walery uld contatning NaCl. small amounis of urea. lactc
acld, ete. Though the primary fimclion of sweal 1540 Ictliliie a cooling
effect on the body surface, 1L also helps in the removal of some ol the
wasles mentioned above. Sebaceous glands eliminate cerlain
substances like sterois, hydrocarbons and wiaxes through sebum. This
sevpelion provides a prolecitve olly covering for Lhe skin. Do vou know
that small amounis of nitrogenous wastes could be eliminated through
saltva too?

16.8 Disorpers or tEe Ezcrerony Systen

Malfunctioning of kidneys can lead Lo accumulation of urea in blood. a
condition called uremta. which 1s highly harmfol and may lead to kidney
fatlure, In such palients, urea can he yemoved by a process called
hemodialysis. Durtng (he process of hacmodialysis. (e blood drained
[rom & conveilenl artery is pumped to a dialysing unil called artificial
kidney. Bloo] dratned from a convenlent artesy 1s porunpe inio 3 dialysing
unil after adding an anticoagulant ke heparin, The unit contatns a cotled
cellophane tube sumounded by a fhind (dialysing fluid) having the same
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composition as (hat of plasma exeepl the nibrogenons wastes. The porons
cellophane membrance of the tube allows the passage of molecules based
on concentration gradient. As nifrogenous wastes are absent tn the
dialysing flutd. these substances frecly move oul. thereby clearing the
bload. The dlearéd blood s pumped back (o the body through a vetn
after adding anti-heparin Lo 1. This method s a2 boan for thousands of
uremic pattents all aover the world

Kidney iransplaniiation is the pliimate method in the correction of
arule renal faflures (kidney fatlure). A functioning kidney 15 used n
transplantation from & donor. prefermbly a close rélalive, to mintimise ils
chances of tejectton by the timmune system of the host. Modern clinieal
procedures have increased the success rate of such a complicated
techinique.

Renal ealeull: Sione or nsolibie mass of civsiallised salis {oxalaies,
ele ) [ormed within the kidney.

Glomerulonephritis: Inflammation of glomerult of kidney.

SuMMARY

Many nlirogen contatning substances, tons, CO_. water, ete., (hal acoumulate In
the body have to be eliminated. Nature of nitrogenous wastes formed and thelr
excrelion vary among anfmals, mainly depending on the habital (avallability of
waler), Ammonta. urea and ure acld are the major nitrogenous wastes excreled.

Frotonephrdia, nephrdia, malpightan lubules, green plands and the kidneys are
the commen excreloTy orsans inammals. They not only ellminate nttmsenous wastes
but also help i the maintenance of 1onie and acid-base balance of body uids.

In Inumans, the excrelory sysicin consists of one patr of kidueys, a patr ol ureicis,
a urinary bladder and & urethra Each kidney has over a milllon lubular structures
called nephrons. Nephiron 1s the functional unil of kidney and has two porilons -
glomeralus and renal tubule. Glomenilus ts.a tufl of caplilaries formed from-afferent
artertoles, fine branches of renial arfery. The renal tubule siaris willl a double walled
Bowman's capsule and 15 further differentiated into a proximal convoluted tubule
(PCT). Henle's loop [HL) and distal convoluted tubule (BCT). The DCTs of many
neplmons join (o a common collecting duct many of which nlitmately open inlo the
renal pelvis through the medullary pyramids. The Bowman's capsule encloses the
glomerulus Lo form Malplghian or renal corpiiscle.

Urne lormation tnvolves three matn processes, Le, [Mraton, reabsorplion and
secrelton. Filtration 1s a non-seleciive process performed by the glomemilus using
the glomerular capillary blood pressure. About 200 mi of blood s filtered by the
glomernlus per minute o form 125 ml of Mlirale in the Bowmari's capsule per
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minute (GFR). JGA a spectalised portlon of e nephrons, plays a sigmiflcani fole

in the regulatton of GFR. Neatly 99 per cent reabsorplion of the Bltrate Lakes place
through different parts of the nephirons, PCT ts the major site of reabsorption and
selective secreiton. HL primartly helps to maintain osmolar gradtent
(300 mOsmoll. ' 1200 mOsmoll. *) within the kKdney Inlesstitium. DCT and
collecting duct allow exiensive reabsorption of waler and certain electrolvies, which
fielp in osmoregulation: He, K* and NH, could bie secreted mito the filrate by the
tubules (o matntatn the 1onic balance and pl of body fluids,

A counter cwrrent mechanism operates between thie two tmbs of the loop of
Hezile and these ol pasa recia (caplllary parallel to Henle's loop), The Qlrate gets
conceirated as 1L moves down Lhe descending Himb bat is diluled by the ascending
imb. Electrolytes and urea are retained in the interstitm by this srrangement.
DCT and colleciing duct concentrale the Altrate about four tmes. Le., from 300
mOsmoll ' o 1200 mOsmoll. ', an excellent mechanism of conservallon ol willer:
Utine 1s stored tn e urinary biadder ull a voluntary siaal from CNS caries out
its release through urethra, Le,, micturiton. Sk, lungs and Uver alsoasstst in
excretion.

ExercmEs

L D Glomserilar Filtration Rale (GFR)

2 Exphn the antoregulaiony mechantsm ol GFR.
3. Indicaie whether the ollowing statemenis are imoe or false
ji) Micluritlosi Is carriet] ol by a melliex.
(b} ADH heips in waler elintnation. making the urine hypotonie.
fe) Protetn-free fud 1s Altered from blood plasma Wl the Bowman's capsule.
(cf) Henle's loop plavs antmportant role In coneentrating the unne.
(o) Glucose is actvely reabsorbed m the proximal convoluted tubule.

4. Give a briel account of the counter current mechanism.,
5 Destribe therole ol Bver. Tunes and skin o exeretion.
G Explain mictusttion,
7. Match the tems of column | with those of column [F

Column I Colummn IT

(4] Ammmomolelism ) Buds

) Bowmall's capsule M) Water reabsorption

el Mictariton {t} Bony Nsh

) Urfcoleltsm (i¥) Utrinary bladder

o] ADH vl Remsd tubnle



8 Whal is meant by Lhe lerm osmoregulation?
8. Terrestrial antmals are generally clther urestelic or utcotelic, not ammonotelic,
Wye
10. What Is the stgnificance of juxta glomenitar apparatus (JGA) in kidney fanetion?
11 Name the fillowing:
(&) A chordate antmal having lame colls as excretory sinictures
(b Coriteal poruons projecting between the medullary pyramids mthe haoman
'h‘iﬂq ' o
fe) & loap of capiilary runsing paraliel ta the Henle's loap.
12, Fill in the gaps
(a) Ascending Umb af Henle's loap 1s
itmh 15 1oL .
1) Reabsorptiin ot sater from dstal parts of the fubtiles ts Getltated by Bormone

to water whereas the descending

fc) Dtalysis fuld contain all the conpstituents as i plasins except
(d) A healthy adult human excreles (on an average) _gm—tﬁ“umjday.




