
April-June 1987
Ind. J. Physiol. Pharmac.

renttissues of NHL birds (3)
IY explain variant results (8).
ntration and time dependent
lning of two specific NA up-
specific uptaker and uptakes
r.gnitudeof uptake inhibition
ss is as importa nt as upta kei
mine,a non-specific ut, take
ition as compared to control
hibition of NA accumulation
j alone. indicating that both
identlv involved in accumu-
diesshowed a linear mono-
Jggestingthat the release of
hy after reserpine treatment
e rate of disappearance was
!sultsare in agreement with

S. RISHI AND B. D. GARG
'sterinery Pharmacology,
Iturel Ui.iversitv, Hisar

1ecombined assay of noradre-
m.. 23: 196-206.1968.

spleen of poultry (WLH chicken)
85.

encefor noradrenaline as sympa-
75.

iahne is released from adrenergic

the chiken heart. Ph D. thesis

ricles of chicken heart. Ph.D.

n lungs: 5-Hydroxytryptamine.

of catecholamine in tissues of

COLD-INDUCED THERMOGENESIS IN RATS
NUTRITIONALLY DEPRIVED EARLY IN LIFE
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Summary: Preweaning nutritional deprivation with or without postweaning partial energy
restriction produces animals of small size with defective nonshivering thermogenesis. This is

also associated with their inability to tolerate cold exposure to 5°C. Adequate nutritional
rehabilitation for a reasonable length of time of 10 days abolishes the defect in cold induced
thermogenesis (CIT) although the deficits in body weight or body size are not corrected. This
may indicate that the defect may be possibly due to the non availability of enough substrates
rather than to a change in the functioning of thermogenic organs such as brown adipose

tissue. Sucrose feeding which enhances caloric intake and hence sympathetic activity can
reverse the defect in clr only in older rats suggesting the possibllltv of delayed maturation of
thermoregulatory functions in young rats which are energy deprived. The results of this study
possibly indicate that there may be a temporary reduction of the sympathetic nervous system
activity during the period of energy restriction which compromises cold tolerance and which
is reactivated rapidly following nutritional rehabilitation.
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INTRODUCTION

Genetically obese (ob/ob) mice die of hypothermia on cold exposure to 4°C
despite good thermal insulation (1)_ This is largely the result of a specific defect in
nonshivering thermogenesis (12). Non-shivering thermogenesis (NST) is an important
mechanism for thermoregulatory response in animals during cold stress and is mediated
through the activity of the sympathetic nervous system on brown adipose tissue (4, 7).
The ob/ob mice not only have defective mechanisms related to brown adipose tissue
(BAT) mediated thermogenesis, but may also have reduced sympathetic nervous system
activity (15), both of which may contribute to the deficiency in cold-induced thermo-
genesis (eIT) in this species. Since rats which were nutritionally deprived during
preweaning period by increasing their litter size, have a diminished capacity for NST (10);
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this study was designed to assess the CIT in rats earlier subjected to energy restriction
both during the preweaninq ~n9 in !ll.e_P9s~~"",e.!:Iflll}gperiod .._It, wa~__a1$-o,.~pesignedto
examine the impact -of this early nutritional stress on the reversibility of these processes
following adequate nutritional rehabilitation.

MATERIAL AND METHODS

Inbred female Wistar rats were mated, to litter in palrs. Litters of rats born within
24 hours of each other were mixed and the litter, .size was .increased to 16 to induce
nutritional deprivation during the preweaning period Le. preweaninq nutritional depri-
vation (PND). The number :of pups reduced to 5 with each dam served.escontrols (14).
In the large litter. pups of both sexes were placed in equal numbers, whereas either male
or fe~ale pups only. were placed with the dam having the small sized litter.' The control
as well as the PND pups were housed with their dams at 25° ± 2°C in polypropylene
cages. Food and water available ad libitum to all lactating mothers and both the control
and PND rats had free access to laboratory rat pellet diet (Energy 15 KJ per gm. protein
20%. crude fiber 4%. ~industan Lever Foods) following weaning.

. In a second series of, experiments the degree of nutritional deprivation' was
intended to be little more severe and prolonged, The fallawing technique was adopted.
In addition to inducing' P-NOas mentioned above, energy deprivation was extended in
yaung rats upto the age of 60 days, by partially restricting the food (PND+PR). Since
PND animals were smaller with body weights 50% of that controls at three week .of age,
partial restrictian of food in the PND + PR group wa~ ,~f the order to f~duce '~ deficit of
about 70% in body weight as compared to their mates of small litters at the same

age. Following this period of dietary restriction Le. after 60 days of age, the PND+ PR
rats had free access to food (rat pellet diet). Once the rats were started on laboratary
diet, they; were placed in groups of 4 or 5 in polypropylene cages under similar laboratory
conditians"mentioned ~arlier.

\

Cold exposure: The changes in the body temperature' fallowing cold exposure
(5°C) was used as an index of cold induced thermogenesis (CIT}r CIT was determined
at different intervals in experimental animals both before and after; nutritional rehabltl-
tation along with their controls. Each control and experimental rat was individually
exposed to cold (5°C) by placing them in suitable sized, welJ'ventilated metal chambers
which were kept in a sink filled with ice blocks. The metal chambers contained a can
of soda lime for remaval of C02. A mercury thermometer fitted to the chamber indicated
the temperature to which the .rats.were cold stressed. , The capacity .fo~qr; was, assessed- \". - .
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by recording the changes in body temperature (oral/rectal) in each animal during cold
exposure (5°C) at everv 30 min interval for a' total of two hours. During each test day,
an equal number, of control and experimental animals were exposed to cold. The body
temperature was recorded using a digital thermometer which was calibrated against a
mercury thermometer of 0.1 °C sensitivity. The thermometer probe' was placed for one
minute either in the oral cavity in case of rats of 21 days of age or in the rectum in
older rats.

Response to cold stress at 5°C was assessed in the PND rats along with their
controls when they were 21. 25. 30.60 and 90 days old. The PND rats which were
partially energy restricted during postweaning period upto 60' days of age (PND+PR)
were also cold exposed in a similar manner, when they were 30 and 60 days old (i.e,
prior to refeeding) and again after 10 and 30 days of refeeding.

Sucrose feeding and cold induced thermogenesis: Since sucrose feeding is
known to enhance caloric intake by 20-30% (8, 9) some of the PND rats were provided
with 8% sucrose solution along with the usual rat feed for 72 hours from day 22 and then
cold exposed at 5°C on day 25, Similarly, immediately after the partial food restriction
was withdrawn at 60 days of age, the PND+PR rats were also provided access to 8%
sucrose solution for 72 hours along with ad libitum diet following which their responses
to cold exposure were studied.

All values are expressed as mean ± SEM. The body temperatures of both male
and female rats of control and experimental are pooled and results given. Statistical
significance of differences between groups was determined by students'<t' test and
values with PO.05 were considered statistically significant (6)":

RESULTS

Body weights: The PND animals weighed 50% less than their controls at
weaning and the PND+PR rats at 60 days of age. weighed approximately 65% less
than their controls. Both these differences were statistically significant (P<0.001).
However. even after adequate nutritional rehabilitation the PND or the PND+PR animals
did not have adequate catch-up growth and the body weights remained significantly
lower even at 90 days of age.

Response to cold: 'On exposure to cold (5°C), 21 day old' PND rats showed
significantly lower body temperatures throughout the exposure time (Fig. 1). The control
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rats dropped their body temperaturefrom 35.7° ± 0.2°C at zero time to 26.5° ± 02°C at
the end of two hours of cold stress while the PND rats lowered their temperature from
34.2° ± 0.1°C at zero time to 21.4° ± 0.7°C at the end of 60 minutes of cold exposure.
Seven out of 15 PND rats died between 30 and 60 minutes and the remaining 8 rats
died between 60 and 90 minutes of cold exposure while none of the control rats
succumbed to the two hours of cold stress.

)J

•

u.-

20

*
o ·~o 60 90

PERIOD OF COLD EXPOSURE (MIN)

120

Fig. 1 Changes in body temperature (oral) following cold exposure (5°C) in control (0)
and PND (e) animals. Asteriks indicate statistically significant differences.
Means ± SEM.

The changes in body temperature of PND rats compared with that of their controls
during cold exposure after 72 hours as well as 10 days of ad libitum feeding are
summarised in Table I. The PND rats cold exposed after 72 hours of free access to
food had lower body temperatures during the first 60 min and most of the rats died of
hypothermia in the next 30 min of cold exposure. The PN0 rats, who had 10 days of
ad libitum diet dropped their body temperatures significantly below that of cold exposed
controls during the first 60 min of cold exposure, but were able to thermoregulate
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without any mortality during next 60 min of exposure to cold. On exposure to cold at
60 days and 9) days of age the PND rats were capable of maintaining their body temper-
atures at levels similar to that of the controls throughout the period of cold exposure.

The PND+PR rats at 30 and 60 days of age, exposed to cold stress during the
period of partial food restriction were unable to maintain body temperatures and died
between 60 and 90 minutes of cold exposure (Fig. 2). The 30 day old PND+PR rats
recorded lower body temperatures compared to controls at zero time before the start of
cold exposure (35.3° ± 0.3°C, experi mental and 36.2° ± 0.2°C; control P<0.01). At the
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Fig. 2 Changes in body temperature (rectal) following cold exposure (5°C) in 30 day old
control (0) and PND + PR (e) rats and in 60 day old control (0) and PND + PR
(.) rats. Means ± SEM.
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end of 90 min of cold exposure the PND+ PR showed temperatures of 17.7°±0.4°C while
the controls recorded 28.6° ± 03°C. Four out of 7 experimental rats died between 60 and
90 min while the remaining 3 died by 120 minutes. The zero time body temperatures
of 60 day old PND+ PR rats was 37.2° ± 0.1°C (control: 37.9° ± 0.2°C) and at the
end of 60 min of cold exposure the temperature dropped to 21.6° ± 1.8°C (controls:
35.3° ± 0.4° C) (see Fig. 2). All the 6 rats in this group died between 60 and 90 min
of cold exposure. None of the controls. both 30 day old (n=20) and 60 day old (n=8)
died during cold exposure. A statistically significant difference in body temperatures
between the controls of 30 and 60 days was also noticed (see Fig. 2) at all points
throughout the period of cold exposure (P<O 001). Following adequate nutritional
rehabilitation the PND+ PR rats at 70 days of age i.e. 10 days of refeeding. were able to
completely defend against cold stress and even had significantly higher temperature than
their controls at zero time (Table 11).

Following 72 hours of sucrose feeding the PND rats died after 60 minutes of cold
exposure while the PND+PR rats despite partial restriction upto 60 days of age could
survive the cold stress without mortality. However. they maintained their body temper-
ature in response to severe cold at levels significantly lower than their controls
(Table I. 11).

DISCUSSION

Thermoregulatory thermogenesis plays a vital role in the maintenance of body
temperature when an animal is exposed to cold (13). The inability of an animal to
survive severe cold stress may result from a defect in cold induced thermogenesis (12).
In an earlier series of experiments we have demonstrated that preweaning nutritional
deprivation in rats (induced by increasing the litter size) led to smaller body weight with
a depressed capacity for nonshivering thermogenesis, determined by measuring the
increase in oxygen consumption after noradrenaline administration (10). The PND rats
are incapable of tolerating severe cold stress and die within 90 min of cold exposure.
However, ad libitum access to food for 10 days at weaning improved cold tolerance and
none of the animals died although they tended to attain significantly lower body temper-
atures than their paired control litter mates. Further energy deprivation by partially
restricting the available diet upto 60 days of age leads to a persistence of the diminished
cold tolerance resulting in the death of all PND+PR animals. This suggests the possi-
bility of defective CIT consequent to energy deprivation. Access to ad libitum diet for
10 days after partial food restriction was withdrawn, appears to reverse this thermogenic
defect and the animal is able to survive cold exposure, maintaining body temperatures at
levels comparable to its paired 'controls over two hours.
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Addition of sucrose in the diet or access to sucrose soulutian is known to elevate
the caloric intake (8, 9) and is also known to stimulate the activity of the sympathetic
nervous system within 24 hours of sucrose feeding (11). Sympathetic activity influences
brown adipose tissue which is considered to be the main thermogenic organ mediating
nonshivering thermogenesis (3). Sucrose over-feeding was used both in weaning PND
rats and the oartially energy restricted PND+ PR rats for 72 hours prior to cold exposure.
Sucrose feeding did not improve cold tolerance in the PND rats aged 21 days although
it improved the cold tolerance of the partially restricted older animal. This discrepancy
in the time required for return to normal thermogenic responses between the PND and
PND+PR animals may be explained by the delay in the maturation of thermoregulatory
function of the underfed rats (5) which may be similar to the delayed development of
other physiological functions reported in animals trom increased litter size {14}. The
slower maturation of thermoregulatory thermogenic responses observed in the PND
animals may be related to a delay in the differentiation of the hypothalamic regulatory
centres which is said to occur during this crucial suckling period (2).

It may be concluded that the availability ot nutrition determines the ability" ot the
rats to respond to severe cold exposure. CIT appears to be defective during energy
deprivation due to a depressed capacity for NST which is said to be mediated largely
through sympathetic inputs to brown adipose tissue. Nutritional deprivation during the
preweaning and the early postweaning periods do not seem to induce any permanent
defect in thermoregulatory thermogenesis and is thus unlikely to enhance metabolic
efficiency of these animals. It is likely that the non-availability of adequate substrates
may contribute to the defect in thermoregulatory thermogenesis possibly by depressing
sympathetic activity.
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