Osmoregulation

Introduction

Osmoregulation is a problem faced by all living organisms, cven those living
i an isosmotic media. In order to prevent destructive osmotic pressurcs and
to maintain a suitable internal osmotic concentration a number of regulatory
mechanisms are developed by animals, Hober (1902) first coined the term
asmoregulation_to the collective activity of the_varicty of mechanisms used by
pani ter t and water yolumes. This implics the
maintenance of an internal osmotic concentration which is different from
the surrounding medium, However, it is not sufficicnt if the water volume is
regulated. The internal ionic concentration is also to be regulated as large
differences exist in the external ionic concentrations as well as the ionic
concentration in the different portions of the body of the animals. The

WM@MWMQLMLM
wmmwm The two processes are inseparable

sometimes the term osmoregulation is used to refer to the two
processes.

Study of osmoregulation is a wide field. Various overall mechanisms
regulating the internal water and solute levels, the excretory organs, cellular
activities basic to these processes and the molecular basis for these
mechanisms are all included. Osmoregulation is also closely related to the
homeostatic functions like pH and temperature regulation in which body
water and ionic concentrations are involved.

If the water content of the body is to be maintained at a constant level,
the amount of water entering the body must equal the water which leaves
¢ body. Water enters the animal body in a number of ways—by drinking,
ong with food, by oxidative reactions in the body resulting in metabolic
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Nature and role of biological membranes . :
) iti of the various .IIIUHGC!IU]HI media

The chemical composilion e extracellular fluids. Even u;:n’a;:

iderably different from those of th
rcapr s d this shows the presence of some barrie,

mixing of the two media occurs an _
between them. This is the plasma membrane which allows the passage
selected materials and it is observed that even for the substances permeable

the rate of passage differs greatly. _ :
Biological membranes are not exactly semipermeable, as the term refep
to an ideal membrane which allows the passage of solvent but not the solutes,

Biological membranes are selectively permeable, associated with opey
systems. A number of solutes are impermeable and others permeable. Those

which pass through enter at much slower rate than water. Another
- ™ > l
?rcfcrr:d is differently permeable as the membrane does not select or ';::
is no choice by the membrane. Another important point is that the
membrane is not a passive structural wall. Various membranes differ in thei
mggbmms fo given substances and the permeabilities change in i i
tions. In a number of cases structural changes s dlﬁ'm
:nu'g of different solutes. aro. found durmg the
tructure. Robertson 5
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concentration is A~ 76 , which is less than in sea. This concentration js
maintained as in freshwater fishes, Water in large amounts is removed in
urine and the salts are reabsorbed. In the gills of these fishes, certain cells
can extract the minute amount of salts from fresh water. These animals thus,
have a combination of freshwater and marine fishes features. This
mechanism is controlled by the endocrine system.

Osmoregulation in terrestrial animals, The osmo and ionic regulation
in terrestrial animals is similar to that of marine animals. They are
surrounded by a medium which contains a low concentration of water than
the body fluids and obtain salts readily through food material. Both these
animals have to conserve waler and excrete salts.

Conservation of water. Most of the terrestrial animals have a body
covering impermeable to water except those living in places where the
atmospheric humidity is high. The respiratory surfaces are enclosed within
body cavities so that water vapour is conserved and cvaporation across the
respiratory membranes is reduced. In the insect tracheal system and lungs,
the water vapour pressure is very high. In lungs it is 40 mm Hg, while the
waler vapour pressure in the atmosphere is only less than 1 mm Hg.

In warm-blooded animals the sweat glands secrete water, which
withdraw body heat during its evaporation from the body surface. The areas
that can secrete sweat are limited and are controlled by the nervous system.

Reabsorption of water. The tubules in the kidneys of terrestrial
vertebrates have the capacity of reabsorbing water from the urine.-Almost
99% of the water in the urine is reabsorbed in the tubules of mammals.
Ramsay (1955) has described the reabsorption and salt excretion in the stick
insect, Carausius morosus. In this animal, the Malpighian tubules produce
urine at a rate that it removes the complete water content of the
hacmolymph in less than a day, However, all the water in the urine is
reabsorbed by the rectum. RPN =

Osmoregulation in amphibia. In amphibians, water enters osmotically
at a slow rate due to the low permeability of skin. The w .
is excreted as dilute urine, Salt is lost in the urine but is
the pond water. The loss of salts is also minimized
the kidney tubules and urinary bladder. Passive w
occurs which increases the concentration of urine o
that are not absorbed. The tubules of the kidney
spccili;: salts as urea. Urine production is under th
neurohypophysis, which may alt er
animals stay on land. o p

Osmoregulation in reptiles and birds. The &
scales and loss of water is thus minimized. The
desert reptiles is as high as the mamma

conservation of water. The renal corpusc
vascularized than in aquatic forms. The vol
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concentration of the blood lowers, it has been obse {
invertebrates that, in tissues (i) there is a slight increase in the water
content, (ii) a decrease in the concentration of the ions such as sodium and

chloride, and (iii) a decrease in the concentration of free amino-acids and
other organic compounds.

Hypo-osmotic regulators :
Some animals maintain the salt concentrations of their body fluids below thar

of the surrounding environment. Such animals occur both in sca waler as well
as inland waters of high salinity. Inland salt waters, such as the Dead Sea,
Salt Lake, Utah and the North African Shotts contain a diverse fauna
which survives due to their capacity of osmoregulation. Animals
which live in inland saline waters can be divided into two groups
(Beadle, 1943) (i) Animals found typically in brackish water of moderate
salinity, low salinity or even in fresh water, and (ii) animals which exist in
high salinities. Crustaceans like Palaemonetes varians, Cyclops bicuspidata,
Hydrobia brondeli  (gastropod) and the fish Cyprinodon fasciatus are
examples of the first group while the brine shrimp, Arternia salina and Aedes
detritus, the brackish water mosquito belong to the second group.

The composition of the body fluids of animals which follow hypoosmotic
regulation ;anes with the concentration of the medium. In marine and salt
waler vertebrates, the bl itration i i higher
fresh water for:mss’. Pl cacatie Y Sy Sl of

The osmotic pressure of blood i sodium chloride i
whose concentration is higher. o o ons

Salt and water balance. The main problems in hye :

are (i) loss of water by exosmosis, and (ii) gain of

maintain equilibrium the animals should excrete :
_Salt is removed by secretion into o
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Osmoregulation in brackish water animals

Brackish walers are mixohaline ranging between 30% and 0.5% salinity.
These waters are restricted to coastal regions, such as estuaries or salt
marshes, where the salinity often changes with the tides and in larger
land-locked seas such as the Baltic, the Caspian and the Aral Sea.

The brackish water forms can be divided into three groups, (i) marine
forms which tolerate low salinitics, (i) fresh water animals which can
tolerate moderate salinities, and (iii) true brackish water animals which are
not found either in sea or fresh waters, The third group can survive in both
fresh and salt waters. Marine animals, though tolerate salinitics at lower
levels can not maintain their normal activities at salinities below 30%.
Brackish water forms like Nereis diversicolor and Palaemonetes varians are
qot found in seas though they can survive in sea water. On the contsary,
brackish water forms cannot survive in fresh water which can be attributed
to physiological factors.

Mechanism of osmoregulation. In brackish water forms like Carcinus
which osmorcgulates, the blood concentration corresponds to about 60%
sea water when it is living only in 15% sea water. When the concentration
of the body fuids is higher than the surrounding medium, waler enfers by
osmosis and salts are lost by diffusion. Therefore, to maintain balance, water
must be quickly removed from the body and solutes must be replaced. Water
is removed through urine and other sources.

Estuarine crabs -

Estuarine crabs such as Carcinus are curyhaline and home-iosmotic. As the
water from rivers enters the sea in the estuaries, the medium becomes dilute
and wide fluctuations occur. In contrast to Maia, if Carcinus is transferrec
to 75% seawater, there is only a 0.3% increase in weight and it returns
the normal condition within 12 hours. Whereas in Maia the inle
concentration decreases with the surrounding medium; in G

blood concentration is maintained high, inspite of the
external medium. In fact Carcinus can maintain the bl
which is twice the external medium. If the externa
animal increases its rate of output of urine &
The water enters the body through the gills whic
the weight increases only by 0.3% due to high ¢
is also lost through the alimentary tract also.

More magnesium and calcium iof
is minimized because of their impol
tissues. As the medium is dilute, le

concentration of blood acti

crabs.

with CamScanner



~NOT ¥ o]
aﬂ,mugufﬂffﬂ" ) l:\j ﬂ,"'hd" "\U’ | 4va
cquilibrium of until the molal concentrations on the two sides are lh:-
" Eq This movement of water is called as osmosis. The osmotic pressure &5
he h;-dmsmric pressure necessary (o prevent any movement of water from pure
; er through a semipermeable membrane into a solution. As the cell
wfmb,mc is made up of lipid also and water is insoluble in lipid, it is
med that water moves through pores or water-filled channels in the
membrane. This scheme explains the rapid movements of water through the
membrane. The force which moves the water is the osmolic pressurc 7,
Van't Hoff cxpression.
defined by ff exp x = KT (Co—Ci)

In this the gas constant, R, is equal to 0.08 almfdeg_rcch?ul_: when 7 is
expressed in atmospheres of pressure and the CDIII:.‘.EHUIUUM inside (Ci) and
outside (Co) are expressed in moles. Osmotic pressure can also 'be.
expressed in terms of em of water or mm of Hg pressure. When a solution
is separated from the pure solvent, whose concentration 1s zero, by a
semi-permeable membrane, the osmotic pressure is RTc. T is the absolute
temperature. _

One of the most convenient methods of the measurement of osmolic
pressure is the depression of the freezing point measured with very minute
quantities of solutions (107> ml). A one molal solution of an ideal
nonelectrolyte in water has a freezing point depression of 1.858°C. Freezing
point depressions are used very frequently to determine concentrations and
the concentrations are usually expressed in terms of this property which is
usually abbreviated to A .

Table 6.1 Showing osmotic pressures of the body fluids of animals (expressed as
depression of the freczing point) in relation to the habitats in which they live.

me
assu

Sea =-22°C Fresh water = 0:03°C Dry land
Invertehrates - Most fresh water ~ |Insects

Blood roughly isosmotic with| _ o:4° 0 = 0°8°
medium ke
------------- m-ﬁw
Vertebrales Mgt i T
Teleosts — 0810~ 11° . |Teleosts =080 =07 |
- 08 |

Turtles — 06°

Whale ~ 0T
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pot regulated, it will lead to the cessation of the life activities in the tissues.
The water lost osmotically is recovered by drinking seawater and excreting
the salts c:dra—r:nall? The salts and water are absorbed quickly by the gut
wall and the salts in the scawater raise the salinity of blood, about 3.5%
while the tissues of these fishes are adapted for low concentrations of salts.
As such, the fishes have to get rid of the extra salt as soon as it enters the
body. Kidneys cannot excrete urine which is hypertonic to the blood, thus
salt leaves the body through gills, more than that enters the body. The extra
salts are excreted from the body by chloride secretory cells situated in the
gills. This process of secreting salts from dilute blood into scawater is
against concentration gradient and requires metabolic energy.

Several anatomical adaptations are found for the production of scanty
urine in the marine teleosts. With reduced demand for filteration, the
glomeruli are often partially or entirely eliminated. All mesonephroi possess
glomeruli during early developmental stages, but the adults are almost
aglomerular,

Osmoregulation in marine crabs. Marine crabs, whose blood
concentration varies with the fluctuations in scawater arc stenohaline.
Examples are Maia, Palinurus, Hyas and Portunus. In these animals the renal
organs are well developed and occur on the first segment of the second
antenna. These are called as the antennary glands or green glands. A coiled
tube starts internally from the coclomic sac and leads to a collecting bladder
which opens outside. Maia dies in a few hours in 20% seawater, while in
75% scawater it can live for 18 hours. When transferred to the diluted
seawater, water enters the animal at such a rate that the weight increases by
24% and salt escapes from the body. The blood bﬁnumnsisotmmth the,
medium. The reduction of osmotic pressure prevents further entry of wa er,
The kidneys become stimulated by the extra water and start working -
high rate and within three hours, the wughl ot'tlw crab fal
excreted in large amounts removes chlordes, st :
mag:ncslum It has been experimentally shu‘ﬂi'k \
main cause for the death of the crab. lenﬂl D
low concentrations by the kindney, the blood
salts cannot sustain the hssuesuflhemmal

Osmoregulation in -igntor,y fishes. In o
both the adaptations to live in freshwater and s
which live m[rcshw“hkumwnctothé
sca they may travel up to 1,000 miles. The yo!
elvers, again migrate to the freshwater lakes. The ee
concentration of blmd. bnlh in ﬁ'eahwal.q and i
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cules is calculated by the frictional ratio (fifo), where fo is
ient of the anhydrous form of the solute particles . [ 1s

¢ diffusion coefficient [Dn% and fo by the

gerived from th

gin-Smoluchowski equation.
B fo =1 (1622* MV) N
. ight of the solute molecule

ial molar volume.
and V the P al is a slow process. But in cells it can be rapid

pecause the moO e have to travel short distances measuring
only few A

Diffusion through pores '
Diffusion can take place through small pores In membranes. In such
condition, the influx and eflux mutually interfere. If a solution of the
concentration C1 is separated by a membrane and the solute molecules

diffuse through pores at 4 point ‘@’ through a point 'b'. into a mnwn?miun
C,, the number of particles entering at g’ are proportional (o C;, while the

aumber of particles leaving at ‘" are proportional to C2 which is a lower

concentration. The number of particles entering at ¢’ are proportional to
C; and the number leaving to Ci. Through very narrow pores where
particles cannot pass one another and if C1 and Cz are both so large that
the pore at all times is occupied by several particles, only very few particles
penctrate from C2 to Cy. The probability of each particle entering at ‘a’

rom C4 to returniag 10 C1 i o and the probability of motisg through the

Exchange diffusion , , ol
This is one of the peculiar phenomena which is an exception
process of diffusion. In this case, passsage of ions occurs
of some carrier material. The pores in the membrane
ions but contain carrier units of ion exchange ma
frecly between the boundarics of the membran
mmbiualionwiththccaniﬂs.lfthc rrier
becomes saturated. However, cach carrier uint
direction between the two solutions
total flux in either direction is equal even W
solutions is different. Pardee (1968 i
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pelomyxa bas been measured by putting them in capillarics. Amoeba mira
and Amoeba lacerata which are marine and brackish water forms, show
good volume regulation within a few hours when transferred to fresh water.
when the concentration of the external medium is changed, the freshwater
forms, Amoeba profeus and A. lacerata, fail to return to their normal shape
for at least a few hours.

Entrance of water. The surface of protozoans is permeable to water. As
a result of the entry of water, the animals swell. This permeability ,is
measured in volume of water entering per unit of the cell membrane for an
osmotic gradient in a given period of time. This can be expressed in mol/ml
or centimeters of water or osmotic pressure in atmospheres. A pressure
difference of 1 atmosphere at 27°C corresponds to a concentration gradient

of 1/24,000 mol/cm’ (Davson, 1959). Some water diffusion constant values
for various animals are given below :
Amoeba proteus 042 x 10~ 19
Pelomyxa 0275 x 10~ 1°
Freshwater peritrichous ciliates ... 027 % 107°
Marine peritrichous ciliates 011 x 10~ °
Frog eggs 089 x 10”8
Arbacia eggs o £ 0-40 x 10”7

Aquatic dipteran larvac ... = 0134 x 10”7

Wat:rmay:ntcrimidcthepmtommmtnnly&omthemw
also during feeding. In peritrichous ciliates, inhabiting fresh water, the water
taken up by the food vacuoles may be 8 to 20% of the output of the
contractile vacuole and in Paramecium 30%. In Paramecium the activity of
the contractile vacuole increases by merely pumping, e

Function of the contracticle vacuole, In freshw t
belonging to the four groups of Protozoa, a contractile va
present, while it may be present or absent in marine and’e
forms. Sporozoans in all cases do not possess a contractile vac
marine and parasitic protozoans, the contractile vacu
metabolic water and water that-enters along with the foo
this, some water is required to dispose off the excess €

The output of water from the contractil
protozoans is more than the marine or enc
time required to eliminate a quantity of wate
the animal for about 15 freshwater forms r.

e, .
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diffusion coefficient, frictional

Diffusion

The particles of a solute are under a

. : t due to their kinctic energy.
motion can be thermal or Brownian mnwmt:l:ﬂ lide with solvent molecules

In dilute solutions, solute particles constantly y
and the kinetic energy imparted to the solute particles Sauses :l::;:!:
undergo random movement through the solution. The partic “l R
any direction. However, if there is a difference in the concentra ‘:‘m : e
solution at different levels, the solute particles show a net rr:‘fm Staﬁsuﬂ
the region of higher concentration o a region of lower concentra t::" o0
analysis shows the movement of the particles is more Irom m:
concentrations to lower than from lower to higher. The net movements of
solute due to the presence of a concentration gradient is diﬂ'uf:an. Al
equilibrium though the particles of solute move al random, there is no net
movement in any direction. .

Adolf Fick(1855) proposed the following equation for the flux J of a

diffusing solute.

constant motion in a solvent. The

ds dc
_dr--DAdr

S is the amount of solute in grams of moles passing across an area A,
per second. The concentration gradient % is proportional to the flux. Cis

the concentration and X the distance. D is the diffusion coefficient which is
proportional to flux and is dependent on temperature and the type of solute,
D is expressed in the units of cm® sec™ ). As the net movement is in the
opposite direction, i.c., from higher to lower concentration a negative sign is
shown.

The diffusion cocfficient is dependent on a number of factors like
size and shape of the diffusing molecules, etc. Frictional interactions
between solute molecules affect the rate of movement, In a dilute : lution
iffusion coefficknt air s ot by the fomias b R

MRT i

R is the gas constant, T the absolute tempera e
and f the frictional coefficient which in turn
the solvent. This can be calculated by Stocke’s e

r being the radius of the diffusing particle
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Active Transport ovenment of @ substance

Rosenberg (1954) defined active “m"'f"’: i mﬁuﬂ"ﬂﬁjﬂf@‘ﬁﬂ ?:
caricr-medised or withou cariers. The encry censiel, T
the product of the clectrochemical gracicl o "y on one o e
mmmmmch_m““mmmthcmersl )

I l.he “m' r null!blﬂﬂ wi [ ‘r
releases it.

Donnan equilibrium iological membranes is their
One of the most characteristic features of 'hdf:zlasﬂy Siprmonbleiwhile L
: : Some ions like potassium 2 e, If

o b ¢ 1 + ble due to their larger size. If two
others like Ca* and Mg™ are less pemi:, rmeable to one of the two ion
solutions are separated by a ‘“""”“xﬂwﬁw by diffusion on the two sides
types, all the ions are not d:strlbl.‘llﬂ! 4 ial type of equilibrium, the
of the membrane. Under such conditions, a special
Donnan equilibrium is achieved. g

For E:;ptc, if potassium chloride (KCl) solution is separ “‘“dblz?l:
membranc from potassium iscthionate (KCz2HsS04) wl:uc'h B pEtmeails
both potassium and chloride ions and not to isethionate ions, chloride ions
move into iscthionate by a concentration gradient. But no movement of
K™ ions occurs initially. Movement of chloride ions results in a negative
charge in the isethionate solution which attracts potassium ions. The K*
move against a concentration gradient until an equilibrium is reached.
During equilibrium the movement of chloride ions into the isethionate

solution is balanced by the movemeat of K™ ions back. Th
produced by the movement of the chlori

is balanced by the encrgy required to pull
back into the solution, i

ratios of all diffusible cations on the insi
upversely proportional to th
are cqual to Donnan’s constant,

= ‘[K—:t = I&:‘E
K'li [ )y
Osmuregulaliun in‘Animals

Those animals yp; i ' It conce
lh»:: aqualic'mﬂdiumdar?ncan“:llﬂh:;ym:g; v, i 0¥ ngudl
mediy Which migrae from high sajy e Th“ e
m (ﬁl’rf:si: Walter) and cqqq s
Slf low salinity ¢, regions of high sainj
€S€ WO varietjes include fishes, The oy,
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Osmoregulation in hypotonic

environment (freshwater animals)

{n this group are included clasmobranch fishes and several species of crabs
whose blood is hypertonic to seawater. They always face the proh!um of
entry of water and loss of salts through outward diffusions. In these
conditions, these animals would either swell or lose so much salt that their

internal body fluids would not support the proper functioning of the body
cells, if protective devices are not developed.

As an important device for adaptation in freshwater, the salt content of

the fluids and cells is very low. In Anodonta, the blood is isotonic with a

0.1% sodium chloride solution. The reduced salt concentration lowers the
osmotic problem.

] o
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blood concentration & *C

Fig. 6.2. Osmotic concentrations of diffcrent marine vertcbrates. Myxine and elasmobrani
have blood isosmotic with scawater. Black portion denotes the ¢ on!
and trimethylamine oxide to the osmotic concentration.

In Figs. 6.2 and 6.3 the salinities of the body fluids
fresh water specics are compared with the salt co

environment. Another important device is the i

wall to water which regulates the entrance of

birds, mammals, insect larvae and adult insects,

impermeable and their exchange membranes n

water, ")

Absorption of salts. The entry of water osmotic
hydrostatic pressure, which in turn p nduces incr
resulting in the production of large

Loss of urine helps in volume reguiation
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hyper or hypotonic to their body fluids. In homoiosmotic animais alwayy
osmoregulatory mechanisms exist.

Osmotic Conformers

. - ; . Shine
' essure in two important ways
seralinges e “T::::: rl:d'th: concentration of their body

imals are osmotically depen | the ; ;
Eﬂ: zh::g:s aah'.:»::ﬂrn:lin;rr to the medium in which they ]l:ﬂ- :"Ch '::::I:Ish are
called as osmotic conformers. Osmorcgulators are czsn an; pl &:c
internal concentration remains constant and docs not change ing to

the medium,

Limited volume regulation y ' B
Most of the invertebrates inhabiting the scas are mmmoué. Thc:hln;:rlri'al
and external osmotic concentrations are the same. Even wh ;
protoplasm of these animals becomes dilute, the animals can survive an

carry on their metabolic functions, Most of the marine and parasitic
invertebrates are easily permeable to water, and gain or lose Wwaler
depending upon the concentration of the medium. The bo’:"? volume 15 not
regulated and often these animals either swell or shrink in proportion to
their solute concentration. Eggs of echinoderms and annclids are the
examples. As some portion of the protoplasm consists of organic molecules
which are osmotically /inactive, the increase in the pressure of the external
medium does not bring about the expected amount of volume change in
these organisms. The osmotically inactive volume is 7.3% of the initial cell
volume in unfertilized Arbacia cggs and 27.4% in fertilized eggs. The second’
reason for the failure of cells to swell as much as is expected in dilute media
is the leakage of salt across the cell membrane, which indicates that the
membrane is not completely semipermeable, Some gregarians from
of mealworms swell and shrink according to the tonicity of the Illﬂd:i:.m
Many multicellular invertebrates also show this poor volume regulation.
The body weight of Golfingia decreases or increases on transfer to hich of
low concentrations and reaches the equilibrium in a few \ours S
body volume is restored on return to scawater. About 23% of t} S
volume is osmotically inactive (Adolf, 1937). LTS '
Various degrees of volume regulation Lt I
echinoderms. Doris swells repidly i s
» S0 repidly in scawater "

pure scawater, showing that it had lost salts during rece
such as echinoids, asteroids and ophiuroids due to the
cannot swell mnﬂ'dcrlbly. The holothuri a. _
scawaler but the increase is much smaller,
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tha 1 20~
h?‘ he hhd:z ll;tbll.lei. Many freshwater - -s..w-“‘ .... i
'lnmmnlrm lngh!y developed tubules
Syl Lo marine forms where they oy Ve
- Shorter or absent. Freshwater a ral-

COsts  have nmephridia which can § 3
reabsorb  salis, In  freshwater 3 ' °[ §
elasmobranchs also similar 5 10 3
reabsorption takes place, 8 af : |

Formation of a dilute urine. 5 <

B.ﬁcf'“-'# salts are ;absorbed in the -g °T 2 8 = |
Edm:y tubules, the' urine excreted by Yo g E

ese animals is hyposmotic to the _ 2 /4
n!uma]'s _bod:.r fluids. The excretion of g T/J -3
dilute urine is a special adaptation in ' 5 ] 2 |
frcshi?ntcr animals, such as Nereis 5 § 5
diversicolor,  earthworm, mosquito < s 8
hrvaﬁ?b‘ freshwater  fishes  and E ,
.'m L - J

phiDians, Molluscus

Fig. 6.3. Osmotic concentration of the blood

of molluscs.
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Fig. 65 A. Renal organ of Garvnarus locusta
(freshwater), B. The same of Garmmanus nulex

Absorption of salts by gills. Inspitc of the salt conserving devices
developed by freshwater animals, still some salt is lost by the excretory

hypo-osmotic
to medium

tood only sffn 2

(

mumpwdmm“mhwmkwm
B. Marine fishes.

mhmﬂ:uph&elmdmemﬁﬂhnww
organisms actively absorb and accumulate salts from dilute solutions. In
teleost fishes, amph'bmmdmmnglhaﬂiwly% salt. In
Imbythcbodysmfmmdlhroughm 961
Cmmmuuandﬂedesthcnmlpapilhe
concentration nfthebodyﬂmdsdlm
the surrounding seawater. This is M 0 (WO
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Fig. 6.7. Golfingia (sipunculid worm) behaves like an esmometer. It swells in a hypotonic
' medium and decreases its volume in hypertonic medium.

occurs, water is taken in, resulting in the swelling of the animal and increase
in weight. Examples are Nereis diversicolor and the marine mollusc, Aplysia.

Salt acquisition from food. Food materials mostly contain potassium
and sodium ions, both in plant and animal material. Salt conservation in
hypotonic medium is aided by the acquistion of salts in the foodstuffs, As
the potassium concentration is more than sodium and internal sodium
requirements are more than potassium, selective absorption of sod '
excretion of excess potassium occurs. In eels, as the gills cannot absor
food is the main source of salts. Highly impermeable animals

this Process, i Bl s
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Osmoregulation in Different Animals
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Protozoans either freshwater or marine do g

Marine and parasitic protozoa are i

only water which enters along with the fc
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showed a rise of 21% in the vacuolar rate in 70% scawater and additional
Yacuoles were formed in 60% seawater.

The reverse Expcrimenl was also found true. Freshwater Pr-:::?:;':;
when placed in scawater show reduced activity of the vncunlﬂf;ﬂgnr and
vermicosa, a freshwater form, developed no vacuole in 50% ?cavid:n; that
on the addition of freshwater the vacuole reappeared. Thus, it l.‘i'l'::nt;iiv:m.
the contractile vacuoles in protozoans have an osmoregulatory il fhe

Mode of working of contractile vacuole. The mode of “P”] G ths
contractile vacuole is not known. How water enters the vlﬁ:nzmss show
hypertonic cytoplasm is still a question unanswered. Recen lation i
that Na® and K* ions are involved in ion and water r:ﬁl:l_ﬁ . IE
protozoans, Protozoans in fresh water live under hypotonic con :;m;'fv alu
the main problem faced is how to prevent the mﬂfﬂ' o wal;: yi. Il:ll‘i:‘ i
enters, how to get rid of it ? They cannot develop impermeable m.:n'; ;:cs
because of the need for exchange of gases and nutrients. Alternatively, they
develop active transport processes to accumulate ions in cells. .

Potassium, for instance, is accumulated in the freshwater forms like
Acanthameba, Chaos, Spirostromum, Paramecium, and Tetrahymena. Cha?sﬁ
and Tetrahymena are known to transport sodium actively out of the cell via
contractile vacuole. The sodium accumulation within the cell is sumﬂnmcf
more than 8 times greater than in the cytoplasm. This suggests that Na
colers actively into the contractile vacuole which raises the osmotic -
concentration above the cytoplasm. Due to this, water enters the vacuole
but how it is discharged outside of the cell is not yet known. The aggregation
of a number of mitochondria around the vacuole seems to suggest that the
energy of electron transport may be useful in this process.

Studies of the potential difference with microelectrodes in Amoeba
show a positive charge of 20 mv with respect to cytoplasm which suggests
that this may also play an important role in the functioning of the yacuole

Freshwater crabs iyl
Freshwater crabs live in a medium which is hypotonic to bl
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errestrial forms which may be even semi-solid. The cloaca may reabsorb

water. In land reptiles loss of water is more by way of lungs and desert

reptiles get most of their water from food. Lizards and snakes often drink

water to compensate its loss. Marine reptiles have special glands in the head .
with openings in lachrymal of nasal ducts, These glands secrele salts and

thus the excess salts of the body are removed,

In birds, the cloacal urine is a viscous paste of uric acid crystals, Water
absorption may take place in the cloaca, lower intestine and kidney.

Osmoregulation in mammals. Mammals live in varied environmental
conditions, Regulation of water content permits them to live in moist or dry
air in fresh or salt water and over a wide range of temperatures. The kidney
tubules produce a blood hyperosmotic urine. The osmoregulation in
mammals is closely associated with the temperature control of the body and
is regulated by endocrine and nervous systems.

In man, the daily loss of water by kidneys faeces, evaporation, sweat and
lungs amounts to one to nine litres, depending on temperature, exercise and
other factors. This loss is compensated by water drunk, water in food and
metabolic water. Urine production in man is dependent on the temperature
and body water load. The permeability of the skin to water is extremely low,
which is very important in aquatic mammals. Many mammals, however, usc
water evaporation by sweat glands as a means of cooling. Reabsorption of
water also takes place in the kidney tubules. Those mammals which produce
the most concentrated urine have the longest loops of Henle as absorption
takes place in this part. In man 1,100 litres of plasma circulated per day in
the glomeruli yields 180 litres of filtrate, out which 1785 litres are
absorbed leaving 1°5 litres per day of urine. I;ﬁ : o al<k
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Discuss the osmorcgulation in migratory n __ P
What is asmoregulation ? Write an account of lllq egulatory processes.

5. What are the adaptations in terrestrial animals

6. Differentiate between : (i) Ewyhaline and stenoh: i
and osmoregulators (iii) Volume regulators and volume
and homeosmotic animals. C e

7. Explain why marine fish can drink sca water :nll |
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