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INTRODUCTION 



Illl'RUDUC'I'ION 

Water is the mDfJt abunclant single constituent of 

the bo.!y , representing more than half of the body weight. 

It is very important for the viability of bo~y organs, 

it i~ the mediwn in whinh all metabolic reactions occur, 

ancl all tne nutrients and solutes of the body are di;:Jsolved 

or suapencled .in .it. Body water content is rem'lrkably 

constant in healthy individuals desp.ite its rapid turnover 

rat Go 

Trad.itionally , the total body fluid has been 

divided into two major compartments according to their 

location relative to t'1e cell mem'urane. Intracellular 

fluid (ICF) represents all t~e water w.ith its solutes 

,,rrcsent irwile the cells" It LJ in thia medium that all 

thn es~-::2n t i_:_il chemj_c:al reactions of tn<:; body oce·!lr • 

dlvrideJ Ji !~o t 'JC.) l'.J:)j'-_it' -~omr~urtm~nt~:: ~-</ tLe vu~.1cular 

ll!~"'m-,Jrurlc, p}a.:nltl ·Jo.l1m1(~ (~/:: of bo·lJ 'Nei.E,ht) and iEter-

D~itis1 fh;.L,I (I:::'') 'lihjcJJ fclcmo 15';'; o• lFJdy weight • 



fluid is the transcellular 1ater compartment which 

consists of the fluid present in body cavities such as, 

sccr·etion.=:J oi' gJ,strointestinal tract, urine,cerebro-

spinal fluid and intra-occular fluid, Ti1e vol'-Un:" of 

transcellular compartment iil variable depending on 

absorption and roecretory activitie3 of the intestine, 

during the fasting state it represents about l-2% of 

body weight (Fleischman ,1982). 

As regard composition of body fluids, electrolyte 

conceJitrations differ markedly in the various compartments. 

The most striking differences are the relatively low 

cunten t of :n·otein anio11s in ISF compared to ICF and 

p l umna, and the fact 
+ -

that Na aml cl are largely 

extracellular, where t " K+ . as mos or lS in t rcJC ell ular 

The rlifCeren.,es in com)osi cion of the various body 

fluid compartments are due , in large part , to nature 

o: ·tl1e tur1·ier:3 separating them 

cell~ sP;ar;"tc ln'ccshtial fluirl and intracellular 

fluL1 '!:d tiF_, CGfJ.Lllury wall separtes interstitial flnid 

Ti1e for,·.es preducing moven,.ent of water 

a!-~d r)Lh·:-_.f. m--1lr~r~u1·?~_J acro:33 thr•;_~e br:-trri·'?Y'D are diffu.s-i_on, 

solverlt dr·ag, f'iltr&tion, 0~mooio, acti_ve transport 

of exocyto:1is 

and endo~ytosis (Ganong ,1981). 



ins~i te 13.J;~:i\~; var·ta tio-:--LJ in sul t and water into.ke • 

Homeo:Jtasi~~; is achieved thrn··lf~)l mechanisms that act to 

maintain the osmolality oP ECF • The reason for such 

vigorous dcefsnce of osmolaity is not irrunediately clear, 

!Jut m:ty be l'''lated to the optimum performance of intra­

cellular reaction3 involving p:c'ol;ein and elect ron transfer 

(Bevan , 1972). The physiolog:,cal mechanisms that control 

the o:Jmolali ty of extracellular fluid also affect intra­

cellular vol1un<0 • A number of physicochemical and 

bioloe;i,:;al m'?chanisrnG act to maintain the ~~ellular 

content of osmotically active solutes (Macknight and 

Lear , 19'?7). So if ECF osrnalali ty decreases water m',lst 

Go,tversely , if ECF osrnolali ty 

increa;J~s due to un increanc in D01uteu that penetrate 

cell rns~nbranes pc>D"l:·ly , eellulur 'IC)lwne will decrease. 

Th~~ ma;jo:t· :letoj_"minant of ECF :Jc;rn·Jlo.lity ir::1 so,Ji1un so 

i.t i . .3 the ccu.a1.1ti ty ol' .-Jor-1,-l_t_un in the ECP thnt determines 

tl1:~ --.'.Jlume e;;-· this <:umpaJ'Lner1t (StJo:r·ecl:::-i, and Brenn.ec-, 

DEc'l). 



PHYSIOLOGY OP WATER AND ACilJ-BASE BALANCE 



WatRr mctaboli~m 

Obviously , daily wstec replacemen~ exist because 

there are daily water losses. Losses of water are 

secondary to heat proclu~tion. In -'!Or'Ilul human.s, body 

tempeeature is app::>oxirnately J7°co The balance between 

heat proclwction and heat loss i.s a flmction of both mass 

and su_~race area ~1 implication of this relationship 

is tile Fact that for each UJ1it of mass, the human infant 

will have to pro~uce much more heat than the adult to 

balance the looseD, beeanue the in:·ant 's surface area 

to mass ratio is about three ti~esthat of the adult 

(Fleiscl-unan , 1982) 

Water aairn 

erido~ei!Olls • Exoge~ous wato~ gain consi3ts of wa-ter 

1~00 to ~ooo ml of wator per aay 

average d:_tily intnke oi' ·t--l.lli_:l fen-- a chil~i i.3 uboJt 700 Jul 

and fo(' an J_n_t'ant-, JOO to 40·) rr;l ~ 



A0 a ~~ccnrcru.l rule, apjJCoxi~rnately 10 ml of water is 

;Jrocheed with thee liberation of 100 cal from oxidation 

of eithee fato, caroohyJrates OI' foroteins , (fat supplies 

about 9 cal/gram, protein and carbohydrate 4.1 cal/gram) 

Endogenous water is obtained as a result of cellular 

ohrinkage , destruction of cells and oxidation of fats, 

carbohydrates and proteins in tissue cells, In other 

wards, 8ndogenous water due to gain of free form water 

released l!y shrinkage or der;truction of cells,amounts 

to 750 ml/kg of lean muscle (Schafer et al.,l977). Water 

of cellular oxidation is produced by oxidation of fats, 

carbohydrates and proteinu within the tissue cells and 

yields 150 ~1/kg of' lean muscle • Each kg of muscle that 

is catabolized prod,wes 900 ml ( 750 ml + 150 ml) or 

roughly 011e liter of waterg Similar·ly , the oxidation of 

l kg of fat l:ilJerate:J 1080 ml of watero DurLng total 

otarvation ar~rro~l.rnately 2080 ml of entl•)genous water is 

:Jrorlu~ed dally by tlP catabolism of l kg of mus,~:le and 

l Y::g of fu.t " Du1·i_ng ordinary surgi~~al co:1valescence or 

th~~ 30 eu.1led r(~L·lod of "rnsting-starvat Lon" 500gm of 

pl"~Ji:c~i.n cnu1 :JOO f?)Tl of f'r:tt arc c::1 tEJ.bo"ii"e,-_i daily to 

yield 9')0 m1 rJT CC/FlDf:PYlOU:J water (375 wl+ 75 ml + 540 ml). 

Cunseq·1t,~_,_1j~ L:y , atl.r·_Lng tth~ CJ0~3toper-at:Lve pe::_•_j_~)d, when 

jJatLont is 'lOt catin1; , approximately l liter of enJo-

genou3 water will be reJ.ea~8d oac:h day. This volume 

nf endogenou3 'N~ter :L:J exer\~~ted l1y th,~ rJol'msl func:tion.~nrs 

kicl:ns:y ac "excG::;;:_; \vo.tc:r" in UTine • 



Water losses 

There are 2 types o_r wate~ lo3sns, obli8utory losses 

and abnoj_"'mal wate: .. c losses which is som2times tei"'med 

additive becauue they are added onto losses of water by 

obligatory routes. 

Obli.gaLor,y lo:m":.:: are daily watec losses from the body 

which may be divided into three categories insensible 

water loss, urine production, and losses in stool, All 

the,Je losses are ongoing at a state o!' rest. The sum 

of the three obligatory routes of water loss equals 

100 rnl/100 cal expended, or 1 rnl/cal expended. Changes 

in env i romnen ';al t em;Je rature and humLli -.y , body temp-

erature , ventilation volume per minute and muscular 

act.ivi'.y , all incrr;ase obligatory wato·c Josoes and 

intur11 are largely dependent on energy expenditure. 

The followi~~ table may ap~roximate the daily water 

losseo in ln.rants anJ children (in ml) ~ 

Urine Total 

;c 5-4 0 75-300 300-840 

Child under 40 kg 'iOO-bOO ')0-JOO 3Ci0-600 8')0-J 500 

(Adapted by Brook ,1962) 



Abnormal W9ter losses 

In etcldL I"_Lon to obli;;atory water losses there are 

abno>c'rJ<al water losses ind·Jced by diseases or 1musual 

environmental condit.Lon. These losf3es are not necessarily 

related to caloric expenditure .Hyperventilation as 

induced by disease such as pne1monia or by drug action 

such as that of toxic levels of salicylate may cause as 

m:.<ch 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 hu:ui:H ty decreases water loss 

The gastro-intestinal tract is the site of absorption 

oi in~ested water and under certain pathological conditions, 

a place where abncn'!r,al water lo3ses may occur. Certain 

inte,c>tinal dia:J,•ders may incLtce a secretory diarrhea in 

whj_ch tlce loDD of water may be en:Jrmmw. Vomiting is 

a aymptom tJ·,at cun a.Lso lead to conoiderable water loss. 

For hospitali~ed patients, drainage tube in the stomach 

o_r intt;Dtinl_; mDy rt:rnove very conf-;i.Jeruble volum~s o~ 

Be~ul atj on o 1 )Vater b::1lance 

To maintain a constant c:tatc , tlw rur;ount of body 

watei' derived :f'rom intake and from oxidatio~l o.f cCJ.rbo-

hydrates, fat.::-J uYLcl p:coteins muot P<rual losoes f.r·om 



kld.ney;3, l11ni~s, skin &nd gaf:Jtrointestinal tract. Precise 

control or the amount oi water in the body is dependant 

upon a :Cinely rce;ulo.ted feed baclr system involving the 

hypothalamus, posterior pituitary anrl collecting ducts 

of tl1e nephrons. 

Thirst: under conrlitlons o:C health, water losses , 

normal anrl sometimes abnormal, are af.fected by intake 

of water. Tho process is governed by thirst mechanism. 

Thirst in-turn is co:1.trolled by the central nervous 

system eentres that are present in the hypothalamus. 

Elevation of extracellular fluid osmolality such as 

that seect with in::"usion of a hypertonic saline solution 

will sb-mulate certain omnorecep tors in the hypothalamus 

whi·Jh in-turil i.ni tiate thirst sensation and drinking • 

An in:oreaEJO of onrJ to two percent in osmolal concentration 

ca1wes thirst, and a decrease to norm.,.l or belO'.'V norrn.1l 

stops thir:Jt sen,clation. However, hemorrhage can cause 

increased drinking and sensation of thirst even though 

there' a no chance in osmolality of plctGma • This 

rosultCJ from redu·.''.Lm in the extracellular volume 

The efi'ec t oi' EC.B' volumo depletion on thirst is partly 

mediatc.J v·ln tt1e ronin-angioteDsin oystem. Renin secre­

tion i:J j_nr;rcarJt-::(1 tn caseo of' hypo··rolo.emla. Remin acts 

on angio terwinogc:m whieh iCJ synthes:Lc;ed Ln tlw liver to 

fu:cm afle,iotenr3ion I . 

ant;:Lotensin l to a11gioi:en.sin II . Most of tho convc:c';3ion 

oceurs rhJring pa:-1sage ol' blood through the lungs, bnt 


