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IWEFRODUSTION

Water is ihe most abundant single constituent of
the body , representing more than half of the body weilght.
It iz wvery important For the viability of body organs,
it ds the mediwn in which all metabolic reactions occur,
and all tne nutrients and soluteg of the body are dizsclved
or muzpended in it. Body water content ls remarkably
consrtant in healthy individuals despite its rapid turnover

rate.

Traditionally , the total body fluid has been
divided into two major compartmentsg according to their
location relative to the cell membrane. Intracellular
rluid (ICF) represents all the water with its solutes
present Inslilde the cells. It 1z in this medium that all
the czzontial chemical reactions of the body ocour .

It approximates 40% of th: body weight .

The exbtra cellular fluid (ECF) represents all the
Tfluid cureoundins tlie cell, ilormally the ECF can be
aoouned to eqguul 207 of body welght and 13 Turtlher
divided foto tvoe mejor compartments by the vaoscular
membrone, plasma volume (572 of boly weight) and inter-

giltial Tluid (19R) whichh formg 159 o body weight .

Another aws1l compariment which ia usually

congldered ag gpeclalized fraction of extra celludar
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fluld 1is the transcellular vater compariment which
consists of the Tluid present in body cavities such ag,
gsecretions ol zastrointestinal tract, urine,cerebro-
gpinal Tluid and intra=occular fluid. Tne volum2 of
transcellular compartment is variable depending on
abzorptlon and secretory activities of the intestine,
during the Tasting state it represents about 1-2% of

body weight (Fleischman ,1982).

As regard composltion of body fluidg, elecirolyte
councentrations differ markedly in the various compartments.
The most striking differences are the relatively low
content of »rotein anions in ISF comparsd to ICF and
plasma, and the fact that Ha® and ci- are largely
extracellular, where as most of K ig intracellular .

The diflTerenceg in compogl “ion of the varioug body

fluid compartments ars due , in large part , to nature

ol thne barriers separating them . The membranes of

cells gerarate interstitial fluid and intracellular
Tiuld and the capillary wall gepartes Interstitial rluid
from plasma. The Torces preducing movensnt of water

and other molecsules acrosz these barrviers are dilTasion,
golvent drag, [iltrstion, ommosis, active transport

fry lua_t}i*-munp mechanlism and the processes of exoeytoazais

and endocytosis (Ganong ,1981).

The volume ol ECF 1o lkept remackably constant
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degpi lar arltations in sa 1 water intake .
despite 1 variatio ir 1t and water iIntake

Homeootasgio is achieved through mechanismgs that act to
maintaln the ocmolality of ECF . The reagon Tor auch
vigorous delence of comolalty is not immediately clear,
but may be related to the optimum performance of intra-
cellular reacilons inveolving protfein and elect ron transfer
(Bevan , 1978). The physiclog'.cal mechanisms that control
the oomolality of extracellular 7Tluld also affect intra-
cellular volume . A number of physicochemical and
bicloglical mechanisms act to maintain the cellular
content of osmotically active solutes (Macknight and
LeaT ,1977). So if ECF osmolality decreaseswater must
enter the cells. Conversely , if ECF csmolality
increaaseg duc to an increage In goluteg that peneirate
celi membranes poovly , cellular volume will decrease.

The major determinant of ECP ogmolalitfy is sodium so

it i3z the quantity of wodium in the ECP that determines

the volume ol this compartment (Shorecii, and Brenner,

leal).,
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PHYSIOLOGY OF WATER AND ACIDL-BASE BALANCE
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PINCSTOLOGY OF WATER AN ACID-BASE BALASNCE

Water metabolliom

Obviously , daily water replacement exist because
there are dally water logsoes. Logses of water are
gsecondary to heat produstion. In qormal humans, body
temperature is approximately 37°¢c. The balance between
ieat produztlon and heat loss is a function of both mass
and gurface area . An implication of this relationship
1g the fact that for each unit of mass, the human infant
will have t¢ procuce much more heat than the adult 1o
balance the losses, becanse the infant's surface area
to mass ratio iz about three timagthat of the adult

(Fleischman ,1982) .

Water gaing :

Water oning in the boly are either exogenous or
endogenous . Exogzenous water gailn congiats of water
obtained by incestion , intravenousz inTuzion, or cata-
bolism ol fond . A norpal adult perzon drinks approximately

y
1

1500 to 2000 ml of watcr per day . The Tree form water
inpected Pood umonnls to 250 ml. Another 250 to 300 ml
of water 1o Lihercated by the oviiation of food o The

average dally Intalke of T1luid for a child i3 aboat 700 ul

and for an intant 300 to 400 ml .
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A u general rule, approximately 10 ml of water ig
wroduced with the liberation of 100 csl Trom oxidation
of either Tata, carbohyirates or proteins , (fat supplies
about 9 cal/gram, protein and carbohydrate 4.1 cal/gram) .
Endogenous water ig obtained as a result of cellular
shrinkage , destruction of cells and oxildaticn of fats,
carbochydrates and proteing in tissue cells. In other
wards, endogenous water due to gain of free form water
releaged by shrinkage or destruction of cells,amounts
to 750 mi/kg of lean muscle (Schafer et al.,1977). Water
of cellular oxidation ig produced by oxidation of fats,
carbohydrates and proteins within the tissue cells and
yields 150 ml/kg of iean muscle . Each kg of muscle that
is catabolized produces 900 ml (750 ml + 150 ml) or
roughly one 1liter of water. Similarly , the oxidation of
1 kg of Tat liberates 1080 ml of water. During total
starvation appreoximately 2000 ml of endogenous water is
nroduted dally by the catabolism of 1 kg of muscle and
1T kg of I'at . During ordinary surglcal convalescence or
the so called perlod of "resting-starvation” 500gm of
protein and L00 gm of fat gre catabolired dalilly to

vield 990 ml of endogenous water (375 wl+ 75 ml + 540 ml).

Consequaedtly , during the poatoperative perload, when
patiznt is not eating , approximately 1 1iter of endo-
genoua water will be releasned eoach day. Thig volume

ol endogenouc water i3 excroted by th: normal functioning

kidnzy as "excezus water" in urine .
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Water logses @

There are 2 typsas ol water logses, obllgatory losges
and abrnormal water logses which is sometimes termed
additive because they are added onto losses of water by
cbligatory routes.

Obtipatory lognoo: are dally water losges from the body

which may be divided into three catlegories insgensible
water loss, urine produciion, and losses in stool. 411
thesze losses are ongoing at a state of rest. The sum
of the three oovligatory routes of water loss equals
100 m1/100 cal expended, or 1 ml/cal expended. Changes
in enviroamental temperature and humidi-y , body temp-
erature , ventllation volume per minute and muscular
activily , all increaze obligatory water losses and

inturn are largely dependent on energy expenditure.

The lollowing table may approximate the dailly water
1o

gegeg in Infantz and childeen (in ml).

Thrdrie Stool Insensible Total
Tritant under 10 pz  200-500 25-40 5=300 300-840
“hild under 40 kg S00-500 9G=-100 300-600 8950-1500

(adapted by Erook ,1962)
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Abnormal woter losses @

In additlon to oblipatory water losses there are
abnormal water losses induced by digeases cr unusual
environmental conditlon. Thege losses are not hecessarily
related to caloric expenditure .Hyperventilation as
induced by diseasge such ag pneumonia or by drug action
such as that of toxic levels of salicylate may cause as
much as 45 ml/100 cal of water to be lost. The amount
of water vapour lost is affected by humidity of the
environment in which the patient is placed. Low humidity

increases and high hwnidity decreases water loss .

The gastro-intestinal tract is the site of absgorption
oif 1ngested water and under certain pathologlcal conditions,
a place where abnsosrmal water losges may cccur. Certain
intestinal dizorders may induce a secretory diarrhea in
which the logs of water may be enocrmous. Vomiting is
a gymptom that can algo lead to considerable water loas.
For hogpitaiized patients, drainage tube in the gtomach

or intestine may remove very congiderable volumasg of

water and electrolytes o

Toe maintain a constant ctate , the amountt ol body
water derived from intake and from oxidation of carbo-

hydraten, fats and protelins must equal losseg from
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kidneys, lungs, skin and gastrointestinal tract. Precise
control of the amount of water in the body 1ig dependant
upon a Uinely regulauted Teed back system involving the
hypothalamus, pogterior pituitary and collecting ducts
of ths nephrong.

Thirst: under conditiong of health, water loases ,
normal and gometimes sbnormal, are affected by intake

of water. The process ig governed by thirst mechanisam.
Thirst in-turn is controlled by the central nervous
system centres that are pregent in the hypothalamus.
Elevation of extracellular fluid c¢smolality such ag

that seen with infuslon of a hypertonic saline solution
will gtimulate certain osmoreceptors in the hypothalamus
which in-tura initiate thirst sensation and drinking .
An dincrease of one to two percent in osmolal concentration
causess thirst, and a decreage to norm:l or below normazl
gtops thirgt sensation. However, hemorrhage can cause
increased drinlking snd sensation of thirst even though
there's no change in osmolality of plasma . This
reguits from reduction in the extracellular volume »

The efiect of ECF volume depletion on thirst iz partly
mediated via the renin-angiotensin cystem. Renin secre-
tion iz Increased in cases of nypovolaemia. Remin acts
on anglcotensinogen which is syntheailzed in the liver to
Torm angiotenaslon L . The converting snzyme transrforms
anglotenzgin I to angiotensin IT . Most ol the conversion

oceurs durling paagsage of blood through the lungs, but
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