Excretion

Introduction , ing the metabolic
ber of waste producls are formed In fatl;cdgl:fﬂ required for "’1
:ﬂr:[l:]gs of the body in addition (0 the rclu[:ﬂb;;o toxic or harmful if
C
various life activities. These waste proct some cunc:nlratlnn limits, A

retained riods or exceed
' ucim&pmm:nzr certain conditions may be essential for the

ubstance underotberoondltmus may become a waste
muﬂum:cmud by the body. Water is a typical example. It h“
bypmdudufmembolmmm&musuaﬂyremedbythebodyw inder
mduumofcdem.n:“mprodmtmduchmnnted.ﬂlumw
another example. Carbon dioxide is ametabolicendproduetwhehw
usually excreted but it is an important component to maintain acid-b:
balance in the body. Urea is a byproduct in nitrogen metabolism. If the
blood urea level exceeds 0.05%, mdewlopsblﬁgm?m oxic
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he general body surface into the surrounding medium. But in multicellular
animals the situation becomes complicated because all cells are not in direct
contact with the outside medium and they thus can not release the products
through the body surface. This has necessiated the development of the
excretory system which separates the Waste products form the circulating
medium of the body and releases them outside the body. In general, the
issue fluids accumulate the waste products from cells and pass them on 0
the circulating medium like blood. Blood in turn transports these excretory
products to the excretory organs which discharge them outside the body.
All the waste products removed from the body are not in general
inculded in the process of excretion. It is the usual practice to include
removal of nitrogenous waste products from the body which constitutes the
process of excretion. The term excretion means separation and :l}mlnillnﬂ
of the unwanted waste materials from the body. The wastc materials are of

from time to time,

Byproducts of Excretion

During the process of metabolism many byproducts arc produced. Some of ,
these compounds are uscful to the body and others are to be removed. {
m-m&mm&mﬂ:ctheIMyﬁwmhndnrinm,mkc :
large quantity of water with their food. The birds and mammals drink it as
well. Some water is used in the complete oxidation of fats, carbohydrates
and in all classes of reactions called condensation. Further, the surface of
the animal cell is more or less permeable to water. If the osmotic pressure
of the protoplasm is greater than that of fresh water as found in fresh water
animals, water will enter in the animal body osmotically. Moreover, the cell
membrane of the animal cells are not rigid like those of plants. So this
process of osmosis will go indefinitely. In such animlas, the regulation of
waler is more mmnm(thnnmuﬁdn dhanch K B iy .

s which Cltain (He ciiby

cmd
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dine bases of nucleic acids and from
nec has

. L
acids) or from the purines and p?-nmmun X
othef miscellancous nilrogenous comj

. Prodl"l‘l!i
of Nitrogenous . . |
ElEp) NSUE wucls arc formed in the animals
I"L

Different types of nitrogenous abolism. The following are the main

ing upon their nitrogen MELEE : imals #t
::: ng::l:n excretory products e dlr:‘:::; mp:;:ticiﬂﬁ ;?/(ydrulymd into
1. Amino acids. As :.rc.!ull 0{ ;13'55 i.nn ® s s excrete d-ns of L
ctive amino acids. Exces h as Molluscs (Unio, Limr.aea), )

without any change by certain animals s d

— ——

g Jmﬁfﬂﬁ:&uﬁﬁf?ﬂ N a result of the dcamination of
as follows : i
II NH: OI 'I
| !
| R—C-H"'sl 0; —» R-C-COOH + NH3 1
| .
COOH
| J
; R-C-H +H0 — R-C-H +NHs
I
I COOH
Il M‘EHQMIM sibslanc illd

" io1hsl oad of Sacs
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d in birds as @ nilrogenous

acid. This acid is forme y o o tinae alih

uct. The benzoic acid present in
nic acid,

11. Orinithinic
decomposition prod

ornithine to form ornithi .
12. Creatine. lsotope experimen

synthesized in the hiver from three ami _
rz:thiunim:. Creatine is liberated into the blood and 1s taken up by the

muscles when required. The normal level of creatine is 2 10 8 milligrams/100

ml of blood. The excess of creatine is excreted along v:'ilh urine, )
13. Creatinine. It is formed in the body from creatine l‘hrnugh creatine
hate. The normal level of creatinine in the blood is said to be about

1 mg 100 mL.The extra amount of the creatinine is to be excreted with the
urine.

Classification of animals based on nitrogenous excretion
Animals are broadly classified into three groups, based upon the type of
nitrogen excretion.

1. Ammonotelic animals, Animals are described as being ammonoltelic
when nitrogen is excreted predominantly in the form of NH3. This is
ﬁqeallly true in most of the aquatic animals i.e. certain protozoans,
actinozoans, polychaete annelids, crustaceans, Aplyisa, S
among molluscs, teleosts, tadpoles of amphibia andpc?-“o;di:ﬂa‘ Ottopu‘:,

ts have shown that creatine is
no acids, ViZ., argining, glycine and
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excretory in nature, is not accepted in the present Flay._ Nowadays 1t 1S
looked upon as an osmoregulatory organelle. Its function 1s to remove ll.u:
excess of water that bas entered into the protoplasm by endosmosis.
Excretion is effected by simple diffusion through the body surface.

Porifera and Coelenterata. In these animals excretion is effected by
direct diffusion from the body cells into the external medium. *

Platyhelminthes. A fairly well-organized excretory system is present
among the flatworms. Morphologically the fundamental unit of the excretory
system is the flame cell. ' ;

Nematoda, Among the parasitic nematodes the cxcretory system 1S
represented in the form of longitudinal tubes with or without flame cells.
Cob cells may be present below the oesophagus which are usually
flask-shaped or pyriform structures. Ju

Annelida. Nephridia are the excretory organs of annelids. Nephridia
occurs in many varieties which can broadly be classified into two types :

(a) Protonephridium, (b) Metanephridium.

(a) Protonephridium. 1t contains solenocytes and in this feature the
excretory system of annelids resembles that of the flatworms.

(b) Metanephridium. Metanephridia find their truest expression among
the terrestrial annelids e.g. Lumbricus. In Megascolex, for example, there are
three types of nephridia viz. :

(i) Meganephnidia, which are typical metanephridia.

(i) Micronephridia or integumental nephridia, whose number varies from
100 to 150, present in all segments from the 14th onwards.

(iti) Pharyngeal nephridia or Typical nephridia present in segments 5 (o
9 at the sides of oesophagus and gizzard. In addition certain cells, known as

chioragogen cells, found in the coelomic wall of the worm are also regarded
as excretory in function,

Arthropoda. Among crustaceans two
ennary glands are the excretory

there are 14 to 42 nephridia function; - In the Onychophora
and Arachnids, the mmymng e the ory units. In Myriapods

bookHikgt structures are the Malpighian tubules and

Mollu S \
mﬂum“m"ﬂphndnmwwthwghtmbclhamnf
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¢ level. In the case of man, right kidney 1s slightly on the lower side due
(o the fact that the right side of the abdominal cavity is occupicd by the
jver. Outer surface of cach kidney is convex and inner concave which faces
the vertebral column. A depression called hilus is present on the concave
gde, from where ureler takes its origin and joins the urinary h'laddnr
backwardly. The renal artery and renal vein pass in and out at the hilus.
Internal structure of kidney. Internally cach kidney is distinguished into
wo zones—an outer dark red zone, corfex and inner pale r::_d zone, !hn
medulla. Ureter entering through the hilus expands, forming a wide
funnel-shaped structure, pelvis, which has at its free end a number gf
cup-like cavitics called calyces and each cavity is called as calyx. Medulla is
distinguished into cone-like structures, called renal pyramids (Fig. 13.1).
Microstructure of the kidney, Each kidney contains a number '[mllhun)
of nephrons, which are referred as the structural and functional units of the

kidney. Nephrons are concerned with the separation of urine from the
blood.
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Nephron begins with Malpighian

coiled uriniferous tubule. Th
network of blood P‘I":-f a
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produces skimming of the plasma relatively freed of cells into the_smnll
capillaries where actual filtration takes place. The blood cells flow directly
into the efferent arterioles. This type of arrangement reduces the rate of
flow of blood and turbulence thus facilitating the filtration process.

opithelial cells (EP)

b ;‘ra

AP e *WL AT -

i e e T
Thkew ‘T

A ¥ ot LA - I'FB
AN .?-:-.'r-'}&‘,ﬁi:.:rr?' ' 11
Wk PR T f

WAL f

Scanned with CamScanner




Transport of glucose is also dependent on the intratubular

+ concentration, '
5 Reabsorption of protein. Though protein is filtered out in 'thc glnmc'rul:s,
5 small amount of it escapes into the ultrafiltrate. Protein in the fluid 1s

reabsorbed by pinocytosis. The plasma membrane cngu'lfs protein and forms
pinocytotic vesicles. The protein in the vesicles is digested by lysosomal

enzymes and the liberated aminoacids are evenly distributed.

Tuble 13.3. Showing forces producing ultrafiliration in the Malpighian body.

Pressure Glomerular Caplilary Blood Bowman's Capsule
Hydrostatic pressure 60 mm Hg 10 mm Hg
Colloid osmotic pressure 25 mm Hg 0 mm Hg
Effective filtration pressure 35 mm Hg 10 mm Hg
Actual effective  filtration 25 mm Hg
pressure

- 2. Reabsorption of solutes. If the glomerular filtrate composition is
similar to the nonprotein portion of blood, it is obvious that much of the
water and dissolved substances must be returned to the blood before the
unn:un!chiseliminatcd.ltisalsocﬁdmlbylhemmparﬁmufmlaﬁve
concentration of some of the components of urine and plasma (Table 13-1).
J‘{eabmtakuphuedongtbcrennltubuhmglommﬁ(both
:nfdngys)ﬁkerl?ﬂﬁmndsduionperdayinWMSinmthcmlumc
m:ﬂn:c;:ﬂcdmadayﬁlbnmljlnmwpcrmdthcglmruhr

the place of acid-base balance, since (he - ¢ IMPOMant in (he
base, Sodling, M'ﬁmmu%mwm“.gwmhb_
= N =T
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jo Mller through glomerulus

Table 13.2. Slzes of proteins and thelr mbility =S A
e [ S | Viameler 5
i Proieins nol Mol Wi
» ; ' .
Proteins Ilut;:r er Mol WL B 1
excreled i r | e 4
— e —— :
Ciclatin N = 15,000 Serum albumin 150 ﬂi,:!l’]
sclati 18, )
Egg albumin 4 43,500 Scrum globulin ;:Jﬂlf:g
":E joh 54 | 7D Edestin - 1
# \'ﬂ LA II'I A
- I A 68, (NN Haemocyanin L | 5,000,000 e
Haemuoglotnn e |9 e R . -
albumin is at the critical

‘rom the table, it may be noted that scrum a’b i
lcvcirt.:fmﬁhratiun with an average diameler n._:rf 150 A l-"ilb'-'d‘”“ i"'?!l’
diffraction. The capillary endothelium with its large pores (900 A in
diameter) does not participate in filtration but [reely eXposes the plasma to
the basement membrane. The bascment membrane 1s considered o be a
hydrated gel, homogencous and withoul any pores Th“‘r" the slit pofes
between the pedicels of the podocytes are the possible sites of ultrafiltration,

The ultrafiltration in glomerulus is a passive process. A“ the
constituents of plasma excepting the colloids like proteins and lipids are
filtered. The hydrostatic pressure in glomeruli is _about 75 mm' Hg. The
plasma proteins exert a colloid osmotic pressure of about 30 mm Hg. The
interstitial pressure in glomeruli and intratubular fluid pressure are 10 mm
Hg each. Thus, the hydrostatic pressure in the Bowmnas capsule is 20 mm
Hg. The motivating force for filtration is the blood pressure, while the
colloid osmotic pressure and hydrostatic pressure in the Bowman's capsule
oppose the filtration process. The effective filtration pressure is about 25 mm
Hg (75— 30 + 20). The filtration process stops if the pressure in the
capsular space is raised to the level of effective filtration pressure.
Intravenous injection of saline reduces colloid osmotic pressure of plasma
proteins and increases glomerular filtration rate. Micropuncture of the
B?wmnn's capsule and analysis of the fluid in the capsular space collected
w:t.h the help of a micropipette show that the composition of the fluid is
similar to plasma except for the absence of plasma proteins,

/- Reabsorption of glucose. Glucose is i
: bed in the first
ha!fpomuuuflhepwﬁmulm&.lminthemnmﬁunu 'ill "'

in_plasma increases the :lﬁ_t:imt_ﬁt_glm__*qnnbmrbtd. Absorption of
glucose is against concentration gradient and is carrier mediated. The rate
of reabsorption of glucose is therefore dependent on the concentration of
gc;nrmpmtmmlhncﬁuplm of tubular cells and the availability of
molecules. The transport maximum, Tm, is the maximum amount of
:f.nbslanuuthntmbetrmpuncd byuﬂnﬂarml[s'inlgl'mﬂmupﬂ‘itld.n '
Flkodcpfndaﬂmthcnumbcrofﬂuie:silﬁfwlhcmbumprﬁlﬂ
mlhccarnerprolcinmnlmdeandthcmofthnmqnircdmmﬂ
E.T:;LME@_%MT@_EMEIWMG)E&MMW@
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movement. of NaCl help to maintain the osmotic concentration gl:adient'
the interstitial fluid in the medulla. Very little quantity of NaCl is

away by the blood and the osmotic concentration of the blood that enter
and leaves the vasa recta is the same. Blood l?w thl'.nugh the vasa recta |
very slow and it becomes still slower as the concentration becomes increase

in the medullary region.
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Production of concentrated urine : counter current theory

The production of concentrated hypertonic urine is a complex process g
is closcly related with the distribution of the ranal tubules and the
concentration of Na' in the interstitial fluid at different levels of the cortey
and medulla of the kidney (Fig. 13.4).

. = —
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rw ol 20 Jon

2200
active Ppassive
sodium -
urea & (> ( trensport
water — -
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ﬁﬂl.mmmmnmm?unumtm“hihwmmhil

nephron with a long loop in the vasa reacta (represcated on the right), The numbes
represent hypothetical osmolality values. No quantitative significance is 'l.:q
attached to the number of arrows and only net movements are indicated. l

The loop of Henle with its surrounding blood vessels descends from the
cortex into the medulla and after taking a turn again enters the cortex. TH
arrangement of the loop resembles that of a bairpin. The osmoik
concentration of the peritubular fluid increases towards the medulla. Th
glomerular filtrate has an osmotic concentration equal to that of plasma. If
the proximal tubule about 80% of fuid is reabsorbed. Thus, the fuid
entering the descending limb of the loop of Henle is isotonic and th¢
surrounding interstitial or peritubular fluid is Aypertonic. Therefore, sodius
ions passively diffusc into the tubular fluid and make it Aypertonic. Durist
thpma;ebf_ﬂmd:w:humﬁngﬁﬁbofhdp’nf%
limb is impermeable to water. Thus, the fluid in the tubule becom®
hypotonic as it enters into the distal convoluted tubule. |

|
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Metabolism of Nitrogen |
* . od and 1n all the animals thy

Principal source of Nz is prot¢in Gf.
m the protens (a

¥ ot 1 ro 1
liberation of ammum?n[uﬂwc Deamination .
Amino acids =% Am (6)

Proteing ——» o
ier 3 d lic, Ureotelic
As mentioned earlier animal are called as Ammonolesic, o
Urecotelic, depending upon the type of nitrogenous excretory malterial
excreted.

nimals >
m::t::r :icsr.‘ribcd as being ammonotelic whcu'nitfﬂsﬂ“ s excreted
predominantly in the form of ammonia. It is especially true in musl. of
aquatic animals i.c. certain protozoans, actinozoans, polychaetes, am?e!:d;, (7)
Aplysia, Sepia, Octopus among molluscs, teleosts, tadpoles and amphibia.

In ammonotelic animals NH3 is the chief excretory product. In general,
aquatic invertebrates excrete nitrogen in the form of ammonia. This is
because the solubility of NH3 is very high and it can readily diffuse out into
the surrounding water medium through the body surface. The toxic or the
poisonous nature of NH3 can be exemplified by the following points.

(1) Sumner showed that, if crystalline urcase is injected into reptiles, (%

NH3 is formed by hydrolyzing small amount of urea present in the

blood and if the concentration of urease reaches above one part in

excretion and since it is extremely toxic it must be removed rapidly and
eﬂiueall’yfrum_th:hody.ﬁiswnbablymmufnrthc omalf:en,;:of
NHaulhcmmm!:tmy.pwdwhlbenqnﬁcanimﬂs.Mamuunl
of NHj liberated varies widely lmordmg to diet—(i) In Pﬂmuipm;

(was found).

(2} Spimfmr ; .
t '. on is lﬂfﬂ mms :fhth'?li?_ OI ammonia when the nm;.

3) Various
) us echinoderms — starfish, * seq urchins and sea cucumbers “‘i

E'E-Eﬂﬂﬂu'm._‘”"h_h

OF

(&)




ili i ithelium is

rmeability to water of the distal convoluted tubular cpi is

d:'h :hgc control of the antidiuretic hormone. Uudm: lhc mﬂunnc: of this

::rmum‘-'-. water is absorbed by the distal tubule resulting is an isotonic st_al_e

of the fluid. As this isotonic fluid passes through the collecting mbplc,th:

becomes again hypertonic due to the ionic and water exchange between

tubular fluid and in the interstitial d:hﬁd of medulla. Thus, finally, a
ic urine is produced in the kidoey. 3 U

h}wsﬂu{;iimcs, whe[:n body fluids are diluted, dilute urine has to be excreted
) water osmotically transported from the collecting

g pesr
JiL
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- ammonotelic but excretroy products in

Among gastropods Aplysia
.+ pastropods are diverse. | ‘
iy and terrestrial. This can

inte - . . lic
rth worms arc intermediate between aquat
E:illustralr:d by the following experiment : (i) Earth worms kept under
moist air produce more urca than ammonia (Bahl, 1945). (ii) If they are

‘mmersed in water they become ammonotelic (Pclaunay, 1934). :
Besides, in the starved earthworms urca constitutes less than 10% 1n
the urine, whereas after starvation urea becomes as much as 86% of the
pitrogenous excretion. It would be of great m}crcst to .nntn the effect of
H,0 supply on the urea and ammonia ratio in the urine.
Most of the fresh water fishes are ammonotelic though they excrete
come urea also. Most of their nitrogenous excreta diffuses out through
the gill surface. Many marine teleosts are knwon (o excrele
considerable amount of NH3 and a small quantity of urea. Some marine
leleosts especially those forms whose blood is hypotonic to scawater
excrete nitrogen in the form of trimethylamine oxide. It is a soluble and
non-toxic substance.

(8) Nitrogen excretion in lung-fishes has been studied by Smith e.g.,
Protopterus. (i) When these fishes are active in waler, they excrete
ne.m:ly lhre!'.': times more nitrogen as NHj than as urea (i) When
aestivated in mud cocoon, however, it excretes urea, which may
a‘ocumulalc to the extent ?f 1-2% of the body weight in a year. At this
:”Ecr:u:n!: I‘::Imnmnt increases by some seven times. (i) When the

1 er, urea is rapidly excreted and excretion of nitr
?NHa increases Lo its characteristic high proportion. s
ince removal dai ]
body mdmnf O .“d H20 is effected b” respiratory areas of the
nitrogenous m”:mmmmm mmw to climination of
i : the form of NH3 chiefly but

(6)

(7)
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(9). In most ammonotelic animals, the NH3 is flushed out of the body by

waler either through the body surface or the gills. : ]
(10) Marine and fresh water fishes, Limnaea, starfishes, Carcinus, Lumbricyg

and the other lower invertebrates excrete definitely large percentage of

NH3 and since these live in the aquatic medium, they have plenty of

water to flush the ammonia.

Earthworms which live in moist soil have more urea in their urinc and
excrete less ammonia, while those immersed in water are definitely
ammonotelic.

Trimethylamine oxide. This is the nitrogenous compound occurring in
the tissues and urine of marine teleosts. It is responsible for the unpleasant
smell of dead marine fish. The closest relative of these teleosts living in fresh
water do not appear capable to synthesize it and their urine is free of it
Marine elasmobranchs do not produce it.

It is, therefore, suspected that it helps marine teleosts to raise their
internal concentration as urea does in the case of clasmobranchs. But
trimethylamine oxide which occurs in blood and tissues only in very small
quantities is diffusible through membranes and any dissolved substances
cannot exert osmotic presssurc at a membrane through which it can pass
!ruiy. Therefore, it must be concluded that the synthesis of this substance,
which is less toxic than ammonia is an adaptation to the shortage of H;0, so
necessary for the quick removal of ammonia from the tissues. Biochemists
lh.m!; that l]ns trimethylamine oxide is formed from protein residues like
mwwmwman&m&uu@mem.w
traces of it occur in the urinc of other animals like cephalopods where the
pathway of degradation of lipoprotein is similar. In other words, large
percentage of thk_mmpound is formed in marine teleosts, because of the
pfwamlomml scarcity ul' H20 in marine teleosts. In spite of 28% of the total
nitrogenous waste being excreted in the form of this compound, marine

lmmmi:.m : 'mmamnmcdhhmchmd
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NH2 |
| C:NH
NH; co I
1 | i
CH NH |
l 2 | l + H20
x CH CHon i e |
li:i-l_ + NH3 | 4 + NH3 T arginase
— i
(|3H1 + CO2—H30 (l“HE - H20 f!:H;
HC—NH2 ChHz EHI
| |
COOH HC — NH3 |
Omithine | !I-IC_NHI
\ COOH
Citrulline COOH
Arginine
NH2
|
CH3
|
NH3 CHa2
I 4 ol
O=C-NH; CH;
Urea |
HC—-NH;
§ |
COOH
Ormithine

Reactions involved in Kreb’s omithine cycle.

Amphibia. The livers of both frogs and synthesi
Mmhdﬁhmmm?@?ﬂm;m“d
mTheudpuknWlicﬁkelb:ﬁsbu,mr%ofthnir
ar;mumuﬁ-beqm.m[mmd-?‘ﬂs-
MWWMMMMWN

12.5% and urea increases :
life on land, where mmm s evidently s an adaptation to
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reotelic animals ' '
g,, the retention of nitrogenous wasic in the form of urea, the ureotelic

animals should have raised their blood cnnccntralit{n to same level as that
of the surrounding scawater. In the course of evolution elasmobranchs have
changed thier metabolism to production of more un:'a. so that today all
tissues except the brain and blood are able to synthesize urea, and sharl:.s
have 2 to 2.5% urca in their blood am‘i excrete neraly 80% n!' their
pitrogenous waste as urca. Excess of urea is cxcr:ttq through the kidneys.
The conversion of such a large amount of nitrogen into urea reduces the
percentage of ammonia in urine to 8%. The sharks must, lhcrn[?{c, b-c
ureotelic. Their tissues are so loaded with urea that their condition is
uracmic. The uraemia is maintained by the fact that the gllls are
impermeable to urca and a considerable part of the urca in the urine is
reabsorbed into the blood by renal capsules.

Formation of urea. Urca is a nitrogenous compound formed from
ammonia and COz and by a complex cyclical process elucidated by Krebs
and Hensleit and is called Omithine cycle.

Ornithine cycle. Ornithine, an amino acid, combines with CO2 and
NHj to form citrulline which combines with ammonia and water to form
arginine. This is catalysed by the enzyme arginase to yield ornithine a
urea. The ornithine once again combines with more ammonia and and
repeats the cycle. It will be seen that arginase nas ~will play the pivotal role
around which the complete chain of reactions revolve. This enzyme oct

eE s he

in all the tissues of elasmobranchs and accounts for the occurrence of urea

in he tisue. Inthe vetcraes, he v i the e of this intermediat
mﬂnbuﬁm {l_ﬂ," the liver of mammals contains --i.,f.!.,.i;..,;‘;l _7; of this

‘and the subtraction of water yi
In birds
»

s=ablri
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how adaptations cannot be so casily reversed, especially if they are

genotypic. | e
5. Other invertebrates. Even in ammonotelic forms, uric acid has been
found to occur in the blood or coclomic fluid or in the Lissues. e

In Chaetopterus it amounts to 7.3 mg in 100 ml and in the crayﬁs: ;
(which are urcotelic) as

mg/100 ml of the urine. Since cven in the mammals otelic)
much uric acid as 0.23 mg/100 ml of urine may occur, the distinction
between these and the truly urecotelic animals, like birds, appears to be

based on quantitative differences in the amout of uric acid produced
through nitrogen metabolism.

Nitrogen metabolism and recapitulation . |
According to the theory of recapitulation, “an embryo in the course of its

development passes through stages at which it resembles to a greater or lesser
extent, the embryos of the animals from which it has evolved.” Side by side
with the gradual differentiation of adult organs and systems, the patterns of
metabolism also change.

The frog's tadpole resembles the fish not only in its aquatic breathing
habit, but also in its ammonotelic metabolism. When it metamorphoses into
an adult frog, urea becomes the major constituent of urine.

Nudam has shown how the chick embryo also “recapitulates in a
chemical sense.” When it is three days old, the amount of NHj3 decreases
from 30% of dry weight of embryo to 30% of dry weight of embryo, while
urea increases from practically a trace to 50 mg and uric acid begins to
appear in the urine. About the fourth day uric acid increases to 1100% mg
ofdrywclglz_t,whi{ewudfmascsloﬁﬂmgmdmmunia to 15 mg.
m‘l‘ht; entire series of estimations show that up to fourth day the chick is

nnolch_n: like any aquatic invertebrate and later becomes ureotelic lik
the amphibia and about the ick i i i 3

: 11th day the chick is definitely urecotelic and
continues Lo be so, though the urine of the adult hen still contains small
percentage of urea and ammonia, =
m':c““’lﬂ&_lhﬂ following conclusion may be drawn. The availability of
Rl rmrepl:lhyc ;" both “"bfyﬂlll‘-” and adult life of animals appc.ar: to

: orm of nitrogenous waste that results from the breakdown of
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Formation of uric acid
The exact way in which this compound is formed from ammonia has p
been cxpcnmcnully followed but has been made clear [rom the
which uric acid can be simplificd into ammonia. The following illus
how ammonia can be related to uric acid as well as to other nitrogeng
wastes,
| (1) The nucleic acids occur in all the nuclei of the animal body. They g
, combined with proteins to form nucleoproteins. Hence, apart from
’ amino acids in the body protoplasm, nuleic acid forms the chief sourg
| @) Hydeohis of nuci il
£ nucleic acid yeilds purines and a few es. Litt
L uhmoflhehuerPunnun:bmwhchucmewdusuch

scveral animals,
/ Butrcpli!ea,bnds,iumaudotheranhnals,Mpﬂmthe hre
_ eazymes, adenase, guanase and xanthine oxidase are able ot convert th
i purine bases into xanthine and hypoxanthine and oxidize these into url

lﬁ‘hhﬂyﬂMMtﬁuuﬂﬁhppu:mtlupn
small pereentage of the uric acid may be -nh:-_._'
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Fig. 138. The omithine cycle (diagrammatic.)

This feature is advantageous to amphibian animals. Production of urca
i an adaptation to water shortage, the amphibia had to face on land, just as
the clasmobranchs had to face in the marine habitat.

Mammals. Even the mosl priminr:mammnls?iz.fhnmono.trmm
ureotelic. In these truly terrestrial animals, metabolism u'mntr.hc fmln !‘.‘llt
embroyonic period onwards. Being viviparous, they ar¢ connection wnh
the maternal blood stream throughout embryonic life. The water supply 1s,

arginase

water regulation in general, the body maintains enough water to flush out
urea. Further, water is reabsorbed form the urine, and urea in urine is
concentrated as much as 100 times, so that not much water is lost in the
removal of urea. Though mammalian tissues cannot tolerate more than one
part in 20,000 of NH3 in blood, 150-250 mg per cent i.e. 10 times the
normal concentration of urea is not toxic.

Urecotelic animals

Urecotelic animals are those which excrete nitrogencous waste mainly in the
form of uric acid. Among the invertebrates, the insects are ureotelic. These
_ groups of animals are perfectly terrestrial but, unlike the mammals, they lack
not only an efficient system of water regulation but also viviparity. Their
carly development takes place within the narrow confines of cleidoic (closed
box-like) egg, within which the nitrogenous waste has to be collected in a
concentrated form, which does not require much water for its removal.
Examples, are insects, a few reptiles and birds as a whole.
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Excreid”

gxcretion in some important animal groups

ptiles. Among the mudlcrn +rcp1ilc5, the lizards and snakes live in dry
a;cﬂ_r., where water conservation is important. Further, their eggs musl retain
the embryonic nitrogenous wastes till they are hatched. Therefore, their
pitrogenous excretion is in the form of relatively insoluble, non-toxic acid,
which in house lizards and tree snakes is in the form of solid pellets.

The aquatic reptiles, which have no lack of water, excrele urca. The
alligator’'s urine contains 3.6—6% NHj, 24.1% urea and 39.1% uric acid.

Chelone mydas excreles urine having 16.1%, NHi, 38.1% urea and
16.5% uric acid, the balance being undetermined. In the marine turtles urea
is pmpnrtianatcly larger in amount than uric acid. This may be due to plenty
of water supply rather than indicating ureotelism.

However, unless excretion is studied in several of aquatic chelonia, it is
difficult to say wheater it is just an adaptive feature or mere persistence of
a more primitive pattern, Whatever primitive feature the morphology and
embryology of chelonia may exhibit, such an observation on physiological
grounds alone may be misleading.

2. Birds. Birds, as a whole group, are uniform in their physiology. This
is very true with their nitrogen excretion. There is about 10% of urca and
34% of NH3 in their urine, indicating the fact that in no animal
nitrogenous excretion is in the form of a single product, and that NH3, urea
or amino acid are likely to break through the complex chemical processes
of nitrogen metabolism. However, the birds are mainly urecotelic and their
faccal matter also includes the solid uric acid,

3. Insects. The bug Rhodnius excretes solid urine consisting of 90-92%
uric addincryslaliucfurmvdthnuﬂHamdminuacids,andmlyam
of urea. This is true of few insects to whom water supply is too restricted.
In several forms the different products vary in amount, Rhodnius secreles
more urca immediately after a meal of blood, and the blowfly gives off more
NHa after cating meat. However, it is difficult to be sure if these products
are from the gut or are true metabolic wastes, in as much as the Malpighian
tubules open into the proctodaeum.

¢W-Mwwdiﬁmmduﬂcaﬁd
varying with the water supply of their environment.

Limnaea lives in water, but lays cleidoic eggs on land and the embryos
excrete 4.5% of uric acid, During hibernation the nephridium stores as
much uric acid as 3/4 of the weight of the organ.

Wmﬂhmmmw.mwwduﬁca&ﬂ‘m
the kidneys nfthcadnlfx.q_dthmnﬁnh have sccondarily taken to water
concentrations one would expect the reverse. But this shows how nitrogen
metabolism is closely linked with the possession of requisite enzymes, and
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Extreme nced for conservation of water is met h}: the excrcl?on of
pitrogen as uric acid in insects, land gastropods, arfaktl:s, lizards and birds as
well as by the abbreviated development within clmdm{:‘ CRES. .

The production of urca and also uric acid has arisen independently in
ceveral unrclated groups, probably along different pa.thways 'uf protein
degradation, aided by different sets of enzymes. Embr}mwftnc recapitulation of
biochemical traits of ancestors is indicated in N2 excrelion patterns.

Blowfly larvac are ammonotelic ; tadpoles excrele ammonia in the
beginning and they can produce uric acid only after passing through the
ammonotelic and ureotelic stages. '

Nitrogen excretion appears to have changed so often during the
evolution of several groups according to their habitat, that we have to
consider the excretion of nitrogenous waste as a labile character.

Among the gastropods, we find NH3 urea or uric acid being the chicf
products in different groups. The marine teleosts excrete more urca than Llfc
fresh water fish, just as the earthworms excrete more urea then their aquatic
rclatives. The lung-fishes excrete ammonia when active, but produce urea
when aestivate during the dry season. Most of the animals excrete nitrogen
in several forms, but only one is the main product. Which product and which

enzymatic route is given precedence depends more on the osmotic needs of
the animals rather than on their ancestry.

Important Questions
1. Describe the structure and physiology of kidney of a mammal.
2. What is excretion 7 Identify the different excretory products met within the different
animal groups.
3. What do you understand by ammonotelic, ureotelic and urecotelic animals ? Add a note
on the [ormation of urea in animals.
Trace the different pathways along which ammonia is converted into urea and uric acid
in different animals.
5. Explain how far the environment of an animal influences excret

ton of nitroge
Describe the countercurrent multiplier theory. How is concent v

(=4
4

+ . rated urine excreted by the
7. Describe
P hwlld;qrmiunh;hmnd ? What is the role of antidiuretic harmone
Discuss the role of kid

©

: ney in acid-base balance and i

Write short notes on - (1) Omithine cycle, (ii) me

¥ ELHJ. Juxta-glomerular apparatus, (iv) Ultra-filtration %

" tmmmm“utulmﬁlmﬁu in the glomerulus 7

" Wkitmmmmmwmmwm

12 s from urine than to secrete wastes actively into the uri \ i
What evidence is there that the mammalian nen i

means of eliminating substances into the mﬂ;phm employs tbular secretion as one

- (z1
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