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TH E JNFLUENCE OF COLO AN D DEPLETJON 
O N FOOD AND W AT ER JNTAKE • 

• \ BSTRACT 

R ussEK, M . •• 
P. K ARCH •• 

Twen t)' fo nr rats were a ccustomcd to fced for 24 h r a mi fast fo r 2·1 hr, a ltc rnative ly, 
wi th wate r ad libi/11111 . Ha lf o[ the m were fed a high ca rbohyd rate die l (H C) a mi 
the o the r ha lf a h igh fat ·non ca rhohydra te d ict (HF) . H a l[ o[ Lh e HC fed . ami ha lf 
o[ the HF fed. were the n ex posed to a cold emironment (6°C) dur ing the da ys o í 
[eed ing; the o ther ha lf were ex posed to cold d uring the days o f fasting. T his was 
done in o rder to separa te the e ífccts o í cokl during feedi ng. from Lh e effects o[ the 
increased resen ·e de ple t ion produced by cokl th e day bc fore feed ing. T he results 
showed that the ra ts ea ting in th e cold hael a n ovcrall highe r food-intake than thosc 
fast ing in the colll. \ ,Vhi le th is is compa ti ble wilh the hypo thcsis th a t, in formation 
from skin , o r skin a m i muscle receptors, is responsible fa r the increased feedi ng 
during cold , it is a lso compatib le with the ielca that onl y a ct ive depression o [ Jivcr 
g lycogen (which produces a º'dccreasing .. glucose concent ra tion in th e liver) is thc 
drivi ng sLimulus for the increased feed ing. 

R ESUME~ 

l "n grupo de 24 ra ta~ b e a costu m bra elo a come r 2·1 ho ras y ayuna r 2-1 horas ele 
mane ra a lternada. con a::l"ua arl lib i t 11 111. l.a mitad ele e l' as se alimentó con un a dicta 
al ta e n ca rboh iclra los (HC) y la ot ra mi tad con una dic ta alta e n grasas )' exenta de 
carboh id ra tos ( HF) ; a mbas d ietas contuvieron la cantielad necesaria de p rote ínas. 
vitaminas y m inerales. Los dos periodos e xperimenta les consist ieron en ex poner 6 
ratas a limentadas con H C y 6 con H F a una tempera tu ra el e 6°C. d uran te los días 
q ue com ier on, p er maneciendo a 22º C los días de a yu no. Las o tras 6 de cada gru po. 
se some tieron al proceso in verso, es decir com ieron a 22ºC y ayunaron a fiº C. El 
propósito era separa r e l e fecto directo de la bajo te mpera tura el u ran te la ingest ión 
d e a limen1 0 de l efecto de l mayor agotam ien to d e rescr \"aS. sufrido a l ayunar a haja 
tempe rat ura . Los resu ltados mostraron q ue las ratas q ue com ieron en e l frío a11m~11 -
1aron su ingest ión de alime n to . mi entras que aq uell a~ que a yunaron en el frío d is­
minu yeron su consumo alim en ticio . Los resu ltados fueron compatibles con un efecto 
eli rccto de l fr ío sobre la ingest ión de ali men to. p: ro tambié n fue ron co:npa tibles con 
la id ea de q ue e l a umento de ingestión fue rl: h iclo a la información obtenida po r 
!os gluco rrecep tores hepáticos. a cerca d el au men to e n la ve!ocitl ael ele deple ción del 
g lucógeno h epát ico q u e p1·odujo e l frío. 
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JNTRODUCTIO N 

I t 1s well known tha l Lhe foocl in ta ke 
of the rat is increased when feeding in 
a colder environment. Several expla­
nalions concerning the mechanism of 
this phenomenon have been oífered, eme 
being Lhat informalion about the skin 
temperature modifies the activily of Lhe 
"feed ing center" (Brobek, 1960); ano­
Lher be ing that the decreased tempera­
ture of Lhe hypothalamus is the deter­
mining factor for the increase in [ood 
intake. T he increase in food intake of 
the goat, obtained by local cooling o[ 
the anterior hypothalamus has been 
oHerecl as evidence in support of this 
hypothesis (Andersson anti Larsson, 
1961). Unforlllnately, opposite resul ts 
were observecl in the rat (Spector et al., 
1967). However, in these studi,es, the 
changes of hypothalam ic temperature al 
the thermode far exceeded the normal 
range of bra in temperatures (Rampon ~ 
ancl Shirasu, 1964). In addition , hypo-

tha lamic Lemperature tends to increase 
in rats on exposure to a cold env1ron­
ment (Lomax et al., 1964). 

A more recent hypothesis is that 
the information of temperature from the 
skin receptors might be compared in 
the hypothalamus to the temperature in­
format ion from deeper muscles, this di[­
ference being a reflection of the insula­
tion, which is dependent on the quan tity 
o[ subcutaneous fat available (Steven­
son, 1964). 

These hypothesis are opposed by one 
stating that the depletion of the reserves 
produced by the increased energy ex­
penditure during cole] exposure might 
be the actual st imulus for the increased 
feeding. The following study was an 
attempt to separate the effects on foocl­
intake of cole! per se (information [rom 
skin themoreceptors) , from the effects of 
the depletion of energy reserves induced 
by cok! exposure. 

METHODS 

Twenty four male Wistar ra ts housed 
in individua l wire cages with 12 hours 
light and 12 hours dark were divided 
into two groups, one fecl High Carbo­
hydrate Diet (HCD: 70.6% sucrose, 20. 
8% protein , 4.6% fat by weigh t), the 
other High Fal Diet Non-Carbohydrate 
(HFD; 20.7% protein , 35.0% fat by 
weight). Both diets contained adequate 
vitamins and minerals. T he rats were 
alternately fecl ancl fas ted, each for a 
24-hour period. The initial adaptation 
p~riod !asted fo r 14 days a t an ambient 
temperature of 22 ± 2ºC. 

The experimental periocls consisted o[ 
the feed-fast cycle, in addition to which 
the rats were divided in two groups 
(A ancl B), each consisting of 12 rats, 

six being fecl the HCD and six being 
fecl the HFD. In the first experimental 
period (E-1), group A was always fed in 

the cold (6 -+- 2º C) ancl fas ted at normal 
temperature (22±2ºC), while group B 
was always fed at 22 º C ancl fasted at 
6º C. This procedure was continued for 
14 days, after which the adaptation 
schedule (where ali the animals were 
fed ancl fasted at 22º C) was resumed 
for five days. The groups were then 
reversed for the second experimental 
period (E-11), i.e. group A was fed at 
22º C ancl fasted at 6º C, while group 
B was fed at 6º C ancl fasted at 22º C. 
This period !asted for 27 days. 

\,Yater intakes were measured d aily; 
food intakes were measurecl every feed 
day, i. e. every other day. Spillage was 
collected ancl subtracted from the ap­
parent food intake during E-II. Body 
weight was measured at various times 
throughout the experiment. 
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RESULTS 

1t can be seen from Figs. 1 ami 2 
that the food intake was similar for 
both groups in the adaptation periocl. 
Although it appears that the HFD-fed 
rats ate slightly more than those fed the 

HCD, this difference was due mostly to 
spillage. When the spillage was subtrac­
ted the corrected food intakes of the 
HFD-fed rats more closely resembled 
that of the HCD-fed rats. 
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Fig. l. Food-intake, water intake did bocly weigth of rats feed a high carbohyclrate clie t 
(HCD) ancl subjectecl to a 24h feecl ing·24h Casting schedule. A and B are two groups 
of 6 rats each. During the experimental periods (E· I ancl E-11) , one group fed at 6ºC 
(clays markecl with a black horizontal har) ancl fastecl a t 22 º C, whi!e the other group 

íecl o f 22º C and íastecl al 6 º C. 

On commencement of the experimen­
tal periods (E-1 and E-II) those rats fed 
in a cold environment increased their 
food consumption, and maintained it 
increased throughout this phase, while 
those rats fed at room temperature (ancl 
fasted in the cold) decreased their food 
intake; only after several days of sub­
jection to this regimen clid they begin 
to increase their average food- intake. 

After each experimental period, when 

a li che ra ts were fecl ami fasted at 22º C, 
the food intakes decreasecl and the group 
averages approached each other again. 

The bocly weight of ali rats increased 
similarly cluring the adaptation period, 
however during the experimental pe­
riods, the bocly-weight increases of the 
colcl-fecl rats exceeded that of the ani­
mals fed at room temperature, which 
lost weight. 

T he cyclic variation of the water in-
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Fig. 2 . Samc as Fig. 1 buL in ra1 s fe<l a high fat-110 11 carbohydratc dic L (HFO) . 

la ke is shown lo be the result of the 
intermi ttant feeding i.e. much less water 
is ingested on fasting than on feeding 
days. Dur;ng E-[ a nd E-II this osci llat ion 

was greatly reduced in the cold-fed aui­
ma ls a nd somewhat increased in those 
f.ed a t the normal temperature, and fas­
ted in the cold. 

DISCUSSION 

The results of the present study are 
compatible with the hypothesis that 
in formation from skin temperature re­
ceptors (or the comparison of infor­
mation from the skin and muscle re­
ceptors) is the dtiving force producing 
the increased food intake during cold 
exposure (Brobeck, 1960; Stevenson, 
1964) H owever, another possible inter­
pretation is that the ac tual stimulus for 
feeding is not the quantity of reserves 
available, but rather the ra te o f deple­
tion of certain reserves, mainly glycogen 
(Russek and Stevenson, in preparation). 

This followed from the hypothesis (Rus-
sek, 1963) that a n important fa ctor de-

termining feeding is the ra te of change 
of the intracellular glucose in the Jiver, 
which is informed to the central nervous 
system by glucoreceptors localiced in the 
hepatic par·enchyma (N iijima, 1969). 
The frequency of firing from these re­
ceptors would be cor related with the 
rate o( glucose utilization and there fore 
would be increased during cold expo­
sure. This then, would explain the over­
all in creased food intake for those ani­
mals ea ting in the cole!. 

Those animals feeding at normal tem­
perature (fasting in the cold) were not 
subjected to an increased rate of deple­
tion while food was avai lable, and there-
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fore did not ea t as much as those feeding 
in the cole!. It would appear th at the ef­
fects of increased clepletion in the rats 
fast ing in the cold was not sufficient 
to produce the necessary compensation 
during the next day's feeding, which is 
evide nced by their loss of weight. 

As the intermitten t exposure to cold 
progressed, the rats showecl a tendency 
to increase their food intake, ach ieving 
at times, values close to those of the 
rats feecling in the coltl. This may be 
clue to either the effect of a stronger 
depletion accumu la ted over several days, 
or to a process of " learning-to-predict" 
the depletion of the follow ing d ay. 

One other interest ing observation was 

tha t while the previous day's clepletion 
of energy resen ,es, increased by cold, was 
not compensated for by a n increased 
foocl intake the nex t clay, the depletion 
of fluicis procluc-ed an observable effect 
on the water intake of the subsequent 
e.lay; the animals Casting in the cold 
showed a decreased water intake (as 
compa red to their water intake during 
the ad j ustmen t period) ; the followi ng 
clay they compensated for it by an in­
creased water intake. The opposite was 
observed with those animals feeding in 
the cold, i.e. they drank less water while 
feed ing, as a result of the cold compen­
sating for th is incurred deficit by clrink­
ing more when fasting. 
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