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ABSTRACT

.After;fatg were errived of Water'for 21-1/2 hours, one of thé
.follb#ing 14 freatﬁénts was given.té each subjeétf"inffaperitoneal
.injection of 2,;4,-6, or 8 cc of water,‘25 4,Hé; or 8 cc of 0.45 per
cent NaClgsolu;ion;.or_Z, 4, 6, or 8 cc of.O.Q éer_cent:NaCl sblutioﬁ;-
or one of two control conditions thch consiéted,of sham injection.or
a 30-minute period with free accesé to water. Thirty minutes foilowingv
the-treatmentreithe¥ food or»water was pre;ented fbr one hour to assess
the efféqts of-;he-treatment. This period'was-followéd by a one-hour -
recpﬁery.pefiéd during which both food and water wefe provided. The
results indicated that injéétion of.isbtonié saline faile& to.eithé¥’
reduceAwater‘infake or increase food intake beyond -the sham control
Ilevél, but injections of distilled,water énaAhypotonic'saiine altered
water and foodvintake in proportion to the amountAinjected° Overall,
injéction of>0.45 per cent'saline was half as effectivé as water injec-—
pioh-on both food and water intake. The cdmpiex fhirst inauced by
‘watép_deprivatioﬁ was mnot redﬁced by éxtracellulaf vqlume restoration.
Iﬁé chclusion Qas reached that‘intrécellular hydratiqn'is neéessafy to
:réduce»théicompiex,thifsf which Subsequeﬁtiy induces appetite for food.
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CHAPTER 1
INTRODUCTION

It has been‘éhéwn‘that thirst inhibits food intake. Epstein
and.Téitelbaum (1964) fouﬁd that lateral hypothélamic 1esioned rats
werg édipsic, and therefore did not consume food. The amount of food
eaten during 24 hours by water deprived rats was about 60 per cent of
the amount eatén by those which were not‘water deprived (Bolles,,196l).
Verplanckvand Hayes (1953) reported a similar result and found that
reduction in_féod intake résulted from the animals' consuming less
food at a éivehrtime rather than eating less frequently. fhey explained 
thié interaction betﬁeen hunger and thirst by the fact that lange
quantities of water are used by the rat in digesting dry food, so that
when its food suépiyvis restricted, its water requirements are cor-
respondingly reducéﬂ.

When water is made évailable after a period_of water deprivé—
tién, rats first arink and then eat to make up the selffimposed fQod,
~deficit_(Verplanck-and Hayes, 1953). Also, food related instrumental
pesponses-havé been shown to increase after»water deprived rats are
‘given the opqutunity«to drink (Grice“and Davis, 1957). : Thus, it
appears that a ratfs appetite returns after hydrafioh.

 When a re;t;icted amount of water is given, fats reduce food
intake pfoportionaliy'to maintain their water Balance (Collier and

Kharr,-1966; Collier and Levitsky, 1967). There is a reduction in




body_maés which maintains the ratio of body water to lean body mass.
This ratio is approximately 0.7. Rats without Wate; consume about ‘two-~
thirds the amount of dry food duriﬁg a two—hour meal as compared to
rats eating'a:meal with water, but the sﬁomach contenfs remain about
50 per cent water after either condition. This result suggests that
réts.régulate their food intake fo maﬁcﬁ the.émountAof water‘thaf can
be moBilized from.boay tissue to maintain-the proper gasﬁrié»waterffood
ratio. The water seems to be removed primarily from the skin and
probably the adipose tissues., Similarly, the intestinai lumen contains
' about 75 per cent water, whether or noﬁ water ié available with‘megls
(iebkoVSky; Lyman,‘Fleming, Nagumo, and Dimick, 1957). |

Water deprivation has been regarded as inducing a complex
thirst which is a combination of both osmotic and volemic influences
(Corbit, 1969). It was shown that hyperosmolarity and hypovolemia
combine to increase thirst (Corbit, 1968; Fitzsimmons an& Oatléy? 1968;
Oatley, 1964). The homeostatic maintenance of body £fluids appears to
be accomplished by two types of receptors, one type responéive to
changes in the osmolarity of the extracellular fluid, or to“goncomitaﬁt
changes in»intracéllular fluid volume, and the other type reébonsive
to chéngeé iﬁ intravascular- fluid volume. Sodium and chloride ions
occﬁf mainly in the extracellular fluid. While these ions retain
water, water by itselfvreadily enters cells._ Consequently, isotonic
saline loads should result in expansioﬁ of the extracelluiar compart-
ment Witﬁout expansion of the intraéellular compartment. On.the other
hand, water injected intb thelextracellular fluid compartment enters

-the intracellular fluid compartment because of osmotic pressure.. In
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this;Way the intraéellulér compaftmenf can becdme hydrated. Stricker>r
and woifb(l9é7) founé that volemic thirst was reduced moré effecti§e1§
with isbtoﬁic-salinévloading than with water 1oading, whereas osmotic'
thirst was reduced more efféctively'with'water loading. Their
depéndent variable measure was the amount of water intake.“Howevér,
it is not diear whether thg complex thirst which is a function.of both
of tﬁe_above factors can be partially reduced by either saline or~ﬁater
alone. |

| The'present_study investigated (a)lthe>nature of the thirst
indﬁced by water deprivation, (b) the quantitative relationship,
between restoration of body fluid osmolarity or ﬁolume after wafer
deprivation.and-the return of appetite, and (c) the qﬁantitatiﬁe
relationship between restoration of body fluid osmolarity or volume

after water deprivation.and'the reduction of thirst.




' CHAPTER 2
METHOD

. Subjects and Apparatus

.Tﬁenty*eight‘female Wister'albino”rats approximately ilOtdays
oid;vﬁéighingrbeyween'ZAi‘aﬁd,Z98 gm. , wefe.individuaiif housedrin'a
constantly illuminated laBoratory with temperatﬁre of 725F aﬁd'hUmidity
about 45 per cent. The exéeriment»was conducted using a stahdafd_bank
of 6 by 5 cages which the aniﬁals occupied at all times. A 100 cc
,graduaﬁed'tube Qifh a metal tip - was used to méaéure water intake; 'Food
iﬁtéke waé.measured by use Of.avZSO'cg glass beaker fastened to a
corner of:the cage. Powdered Purina Lab Choﬁ was introduced into.ﬁhe
beaker for eating. Spillage was minimal since the subject always sfood
at the rim«to eat with its heéﬂ.inside the beakér.- Food intake was

measured to the closest 0.1 gm. and water intake to the closest 1 cc. .

Procedure

'After'the subjects wefé adaﬁted to eatiﬁg from the beéker for
iO‘days;'théy were deprived of water for}21él/2 hoﬁrSJ After depfivaf
.. tion oﬁefof the following 14‘tfea;mehts was:given to each éubject:: 
tﬁere_were 12 experimental conditionsbwhich consisted of intraperitoneal
injection Qf 2, 4, 6, or 8 cc of distilled water, 2, 4, 6, or 8 cc of
'Of£5 per cent NaCl soluti&n, or 2;_4; 6; or 8 éc of 0.9 per cent NéCi
éblutiéﬁ} in'gddition, theré Weré'two control qonditiéns Which één—.l
;iéted-of sham injeﬁtioh ﬁitﬂ.néeale puncture only or é 30—minu£é:"'
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periodiwith free access to water. Thirty minntes after the injec-
tions and immediately after the 30-minute period with free access to
Watet;“either food or water nas presented.for a one-hour period to
assess the effect of the treatments. This period was followed by a
"oneehour recoveryvperioa>with'both food and water presented before
thevéubsequent water deprivation began.
| There were a total of 28 conditions with 14 treatmente'and 2

intake measures. All 28 conditions were given to each subject in a
sequence determined by a-28 by 28 completelyvbalanced Latin square
design (Cochran and Coxg 1957) which insured.that every condition was
pteceded by all other conditions. This design balanced possible
carry—~over effects from preceding conditions.

Solution concentretions were in percentage per volume basis;
: e.g;, 0.9 per cent saline solutlon was nrepared by addlng 0. 9 gm. of
NaCl (Analytical Reagent) to 100 cc dlstllled water. |

“One subject died of unknown cause one day before the end of
the experiment, but its data were included in the results.

Intraperitoneal injection was ueed-in'the‘present study
“}ibecause Adolph Barkel, and Hoy . (1954) reported that hypertonlc intra-
perltoneal 1n3ect10n 1nfluenced water 1ntake more effectlvely than
stomach loading as late as six hours after injection. Also, intra-
peritoneal injection (differing from stomach loading) does not produce
stomach distention which prevents eating ot,drinking (Moyer>and

Bunnell, 1962).




CHAPTER 3
RESULTS

Figure 1 shows the éffects of injécting varying amounts of
watér‘of saline solutions onisubsequent Watér,intake. -Analysis of
variance indicéted that the differences in mean water intake betwéen
the three solutiéns,‘between the amounts, and the interaction were all
statistically significant (P<.01). This-aﬁalysis is summarized in
Table 1. The mean intake after "nothing" did not differ significaﬁtly.
from 0.9 per cent saline ﬁéans,'though it differed from-0.45 ber cent
saline or water mean intake.. During the 30-minute period with free
accesé to water, the éubjects drank‘a mean of 9.9 cc of water and
sﬁbsequently‘drank 1.1 cc in one hour; this Qater intake'was signifi-
cantly lower. than all otherrihtake méaﬁs. |

bFiguré 2 shows the effécts of injéctions of water or saling
solutioné on food intéke. The differences in mean food intake between
the solutions, between the amouﬂts, and the interaction were all

statistically significant. The results of this analysis of varianée

are summarized in Table 2. The mean food intake after "nothing"

differed significantly from the food intake means following water and
0.45 per cent saline treatments but not from the 0.9 per cent saline
means. During the 30-minute period with free access to water, the -

subjects drank a mean of_9;9'cg of water and subsequently ate a mean of

5.1 gm.; this differed significantly from all other foéd intake means.
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Water Intake as a Function of Amount and Concentration of Saline Solutions Injected

Fig. 1.




Table 1. Summary of Analysis of Variance: _
Effects of Watéer and Saline Solution Injections on Water Intake

Source- - df MS F P
Solution Injected - 2 298.46  71.57 - <.01
Amount Injected | 3 68.26  15.20  <.0L
Solutibn x Amount : 6 16.41 4.66 <. 01
Subjects . . “ 27

Subjects x Solution 54 4.17
Subjects x Amount 81 4,49
Subjects x Solution x Amount = 158 3.52

Total , o 331
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Table 2. .SUmméry of Analysis of Variance:
Effects of Water and Saline Solution Injections on Food Intake

.10

_ Source | " df - ws F ;_ P
‘Solution Injected ~ 2 21,20 2208  <.01
Amountrlﬁjected | i - '3> 4;54 16.81 h <.01
Solution x Amount : _ 6 1;32 7.33 <.01
Subjects:" . A A ' .27 |
| Subjects x Solution 54 S .96
‘Subjects x Amount 81 Vw27

 Subjects x Solution x Amount 160

Total . o 333
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Since the subjects drank ‘a mean of 10.7 cc of water after
sham injéction, the mean rgductiqﬁ in water intake was 1.5,-2.7, 4.1,
and 5.2 .cc respectively after 2, 4, 6, and 8 cc of water injected.
Compérable figufes for the increase in food intake were 0.5, 0.8, 1.0,
and 1.4 gm. VAftervsham injection food intake waé 1.0 gm.  For food
" intake the water/food ratio was 4, 5, 6, and 5.7.CC'of injected water
for eating‘one exfra’gm. of food and for water intéké the rafio éf
injected water per cc of reduced water intake was 1.3, 1.5, 1.5, and
1.5 cc réspectivel§ for 2, 4, 6, and 8 cc of water injected. Injected
watef appeared to diminish in effecti&eness with increased amounts in‘
the éaée of food intake only and not in the case of_watér'intake;
Since the mean increése in food'intake>after water injection
was 0.93 gm., it can be concluded that water injection increased food
intake, overall, by 0.93 gm. and, similarly, reduced water intake by
3.4 cc compared with the sham injeétion control. The mean amount of
reduced water intake was 68 per cent of the amount of water injected.
Injedtion'din.éS-per cent éaline solution incredsed food intake by a
mean of 0;45 gm. and reduced water:intake by a mean of lg6 cc. The
- mean amount of reduced water'intéke-waé 32 per cent of the,émount of
0.45 per:cent‘séline injected. Thus, the 0.45 per cent injéction was
almost exactly half as effective as water injection oﬁ both food and
water intake.’
'> If reduced water intakeiwas tgken‘as the ‘extent of hydration,
it can.be caléulatéd that, overall, 3;5 cc (ratio of 0.93 gm. to 3.4 cc)

of water injection-induced "hydration'" was effective for eating one gm.
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of food. The comparable figure after ad lib.  water intake was 2.3 cc

;(fatio of 4.1 gm. to 9.6 cc).




CHAPTER 4
~ DISCUSSION

Cbmplekﬁfhifst»aftériwatér,deprivation has been fégardedgto
be'bqth volemic and osmotic (Corbié; 1969; Wolf, 1950). " since inges;
tion of dry food mobilizes body Qafer.into the stomach as sﬂowh by
Lepkovsky ef al. (1957), water.deprivation may produce volemic as Wéli
as osmotic thirst depending upon the bsmolarity of the liquid_drawn
into the stomacﬁ.

~ The resuits indicate thét»reductidnvéf thirst éftéf watér
deprivétioﬁ.induceé appetiteﬂand'thaf isotonic volemic'festofation of
body fluidgis not. enough to feduce complex thirst. Isotonic saline is
effectiﬁe in restoring extracellular but not intracellular fluid
. volume;_water.is more effective in restoring intracellular fluid volume.
Rgstoratioﬁ.éf gktracellular fluid:voluﬁe:élone does not reduce thirst
: and‘incfeasé¥appetite.  Apparently celiular déhydrgtion is;thé main
cause.of thirstkand inhibitibn of.eatihg. Water or hypotpnic freatment
is necaésary:to restore‘intracellulér flﬁid volume which reduces thirsg
aﬁd,»cohéeqﬁently,finduces eating.  Hsiao and Perling (unﬁublishedA
data) showed that thirst induced Byftptal deprivation was -also reduced
by Wéter bﬁt.nbt_by isotonic saline;-¢Corbit.(l967) has éhown that
1hy§efv01emia;dbes-nqt altefvdrinking‘inyrats (Corbit‘andATﬁéhapsky,

1968).

. *Department-bf Psychology, The University of Arizbna.'
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Osmotic thirst induced b? hypertonic saline solution and
volemic fhirst induced ﬁy ﬁleeding,or é hyperoncotic colloidal solution
(oémotic pressure due to a colloidal solution) add to increase thirst
(Corbit, 1968; Oatley, 1964). It is not known whether thié experi-~
mentally induced complex thirst éan~Be reduced partially”by water or
isotonic saline, but the present ;esults_indicate that complex thirst
.induced,by water depfivaﬁién can be reduced only by water or hypotonic
solution. Stricker and Wolf (1967) have shown that volemic thirst is
reduced by isotonic saline and osmotic thirst by.water,'but reduction
'.'bf complex thirst .seems to require restoration qf intracéllular volume.
The results also indicate that the extént of resforation of
. [
the intracellular volume, resulting from varying amounts of water or
hypotonic saline injection, is proportionally related to reduction of
thirst. Reducfion of thirst, in turn, is reléted to the return of
appetife. The effectiveness of 0.45 per cent saline is almost exactly
~half that of water injection. Thus, within a short,peribd, before the
kidney effect of renal pOnserVation of fluid can oécuf, the animal
~seems to function as a perfect osmometer, as préposed by Corbit (1969).
Hsiao and Bosse (1969) reported that rats pfefer isotonic
: séline to water in a doublefbottle test after total deprivation. How-
ever, when food was introduced, the faté switched their. preference to
‘water. Since rats can eat more food when given with water than with
isotohic'éaline as the sdle liquid source (Héiao, 1967), water may
bhave been chosen to maximize food intake. This resuitwéuppbrts the
present finding that food'intake may induce hyperosmolgrity and

hypovolemia, but water is needed to reduce thirst and enable the rats
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to eat food; reduction of hypovolemia alone is not sufficiént. It
'shouid bé noted that Stricker and‘Wolf (1967) have sﬁown that rats
still prefer isotonic saliperto water after ﬁypertoniq treatment. They
explained‘this.fesult in termé of-tasté and speed_bf absérption. Thirst
alone méy not be enéugh‘to produce a cﬁange‘§f preference. Some
influence from food ingestion seemsrto be required for thé,change.
1t ﬁight be note& thatrthirst is increased in rats to a much
greater eitent after water deprivafion'than after total déprivation of
food and water. Hsiao (1967) reported only 3.6 cc'pf water intake in
one hour after 24-hour total deprivation, whereas 10.7 cc of water was
drunk in one hour in this_studyiafter 22-hour deprivation (sham injec-
tion control).
VEfficiency of’hydration'via water injection on food intake was
3.5 cc/gm. of food eaten. This figure is comparable to the efficiency
measufe of Qater'drunk for eating food during a 24-hour éeriod which
was also 3.5 éc/gm. of food eaten (Hsiao and Lloyd, 1969). After ad
+1ib. water intake rats ate more food pér ce of water-druﬁk (2.3 cc/gm.j.
»ThiS'suggests_éhat, within é short period, hydratioﬁ:accompénied'by
consummatory responses is.more effective than hydration without those
responses. 'This,effect has been shown clearly by 0'Kelly (1954) and
0'Kelly and Beck (1960). '
Overall, the following cbnclusiohs can be made:
l,,'Tﬁirst induced by water deﬁfivation seems to result from
;intracellﬁlar dehydration rather than extracellulafbdéhydra—
tion. Water and hypotonic saline injectiéns alter the extra-

cellular fluid osmolarity which, in turn, hydrates the
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intracellular compartment. On the other:hand, isotonic
saline injec?ions expand the extracellﬁlaf fluid volume.
without hydrating the intracellular compartﬁent; Water and
hypotonic'saline injections are effectivé:in reddcing sub-
sequent Water intake and‘incfeasing subsequent foodliqtake.
althqugh isotonic'salipé ihjectidns dé nbt prqduce any effect-
on later food andiwater intake.

The inCpeaserin:food intake is proportional to the amount of
water and hypotoﬁic saline solution injected, but nbt propor—
tional to the amount of isotonic saline injected.

'Similarly;,the decrease in water intake is proportional to

-the amount of water and hypotonic saline solution injected,

but not proportional to the amount of isotonic saline injected.
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