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Present study was carried out with the aim of investigating the effect of ascorbic acid supplementation
and altered dietary protein level on the rectal temperature, haematocrit value and blood ascorbic acid
status of rats exposed to chronic and acute heat stress. It was observed that the normal rectal
temperature of adequately (18%) protein fed rats was quite higher (37.41 + 0.12 C) than that of the
protein restricted (6%) rats (36.65 + 0.12 C) which was observed to be further augmented by the prior
supplementation of ascorbic acid. It was further observed that the stabilizing tendency of rectal
temperature took more than 3 days of heat exposure when rats were under protein restriction.
Decrease in haematocrit value after chronic heat exposure and an increase in it in acute heat-exposure
were observed. Haematocrit values of both control and treated groups of animals were also observed
went down to a great extent as a result of protein restriction. Plasma ascorbic acid level was observed
to be increased after acute heat exposure in 18% as well as 6% protein-fed rats and after chronic heat
exposure in 6% protein-fed rats. But, when the ascorbic acid content was estimated in erythrocytes it
was found to be diminished after acute heat exposure in protein-restricted rats only.
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INTRODUCTION

Temperature is an important environmental factor which plays
a vital role in the reproduction, growth, development and
destruction of all living organisms. Again, when an individual
is exposed to temperature above the zone of thermal neutrality,
heat appears as a stress and changes occur in different
physiological systems, such as cardiovascular, respiratory,
endocrines, neural etc. (Lee-Chiong and Stitt, 1995). Heat
stress is one of the most important stressors especially in the
tropical regions of the world (Altan, 2003).  Adaptation to
heat stress requires the physiological integration of many
organs and systems viz. endocrine, cardio respiratory and
immune system. Although humans have the capability to
withstand large variations in environmental temperatures,
relatively small increases in internal temperature can lead to
injury, heatstroke and even death (Crandall and Gonzalez-
Alonso, 2010. It was estimated that between 1979 and 2002,
heatstroke claimed more American lives than the combined
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effects of hurricanes, lightning, earthquakes, floods, and
tornadoes (Leon and Helwig, 2010). Heat stress, whether
passive or via the metabolic heat of exercise, results in
pronounced cardiovascular adjustments that might involve the
interplay of both local and central reflexes in humans (Crandall
and Gonzalez-Alonso, 2010). Central and peripheral fatigue
was found to be manifested in reduction of force production
that was measured immediately after passive and exercise-
Induced heat (Periard et al., 2011). These results agree well
with those showing that an elevated core temperature is the
primary factor contributing to central fatigue during isometric
contractions and hyperthermia (Morrison et al., 2004). Studies
with rats have shown that body temperature elevation during
exercise is important for induction of exercise-increased shock
protein 72 level in rat plasma (Ogura et al., 2008). When rats
were exposed to high environmental temperature (e.g., 43 C),
hyperthermia, hypotension, and cerebral ischemia and damage
occurred during heat stroke were associated with increased
production of free radicals resulting oxidative stress in the
brain of heat stroke-affected rats (Chang et al., 2007). Again,
the magnitude of heat stress depends on the counter-acting
ability of antioxidant defence mechanism of the tissues to
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neutralize the detrimental effect of free radicals generated
(Akinwande and Adebule, 2003). Antioxidant supplementation
may, therefore, provide beneficial effects against heat- stress-
induced physiological hazards (Sen, 2001; Yavuz et al., 2004;
Walingo, 2005; Hesta et al., 2009). In addition, dietary protein
level is also known to have profound influence on antioxidant
system, thermal tolerance and cell membrane composition and
stability. Accordingly, the aim of the present investigation is to
study the effect in vivo of heat stress on rectal temperature,
haematocrit value and blood ascorbic acid level under dietary
protein adequacy and inadequacy. It is also intended to note
whether ascorbic acid supplementation has any protective
effects against such heat-induced changes.

MATERIALS AND METHODS

Male growing rats of Wistar strain weighing 100-120g were
used for the present study. The animals were kept in a well
ventilated room with 12 hrs. day-light cycle. The animals were
accustomed with this condition for 7 days with adequate
amount of food containing protein 18%, carbohydrate 71%, fat
7%, salt mixture 4% and adequate amount of vitamins mixture
as reported elsewhere (Chatterjee et al., 1984). Then the
animals were divided into four groups of equal average body
weight. The animals of half of the groups were continued with
diet containing 18% protein, while those of the remaining
groups were maintained on the diet containing 6% protein, and
83% carbohydrate. The 18% protein was used as it was
considered as an adequate (normal) dietary protein level which
was used on earlier occasions (Chatterjee et al., 1984; Ghosh
et al., 1992). The 6% protein was used as an inadequate dietary
protein level to study the influence of dietary protein
inadequacy. After maintaining for three weeks on experimental
diets, rats of experimental groups were exposed to heat stress.
From one week before the onset of heat exposure, body
weight, food intake and rectal temperature had been recorded
on every alternate day till the termination of the heat-exposure
period. Rats were exposed to heat stress in a well maintained
climatic chamber. Ascorbic acid was supplemented to the rats
at a dose of 20mg per 100g of body weight intraperitoneally.
Effective thermal stress was determined by varying the
duration of heat exposure and keeping the exposure
temperature constant and vice versa. Finally, temperature of
43°C with 2 hrs. duration per day for 15 successive days and
43°C temperature with 3 hrs. duration in one day were
considered optimum to produce the effect of chronic and acute
heat exposure, respectively. The entire study was carried out
with several sets of experiments involving different groups of
rats and keeping all the above conditions identical. At the end
of experimental period rats were kept fasting for 18 hrs. and
then sacrificed by cervical dislocation. Blood was collected
immediately from the hepatic vein with a heparinized syringe
and kept in polypropylene vials at 4°C, taking proper care to
prevent any chance of haemolysis. To obtain erythrocytes,
heparinized blood was centrifuged (1000xg at 4°C for 10
mins.). Plasma was collected and stored in deep freeze. The
buffy layer was removed completely by aspiration. The
erythrocytes were washed three times with 20mM Tris-
buffered-saline solution. The washed and packed erythrocytes
were used for the estimation of ascorbic acid content.

Rectal temperature of each rat of both the treated and control
groups was measured with the help of a clinical thermometer.
Proper care was taken to avoid faulty measurement due to
varied depth of penetration, defication and accumulated feces
in the rectum at the time of temperature study. In case of
treated rats rectal temperature was measured twice a day —
before and at the end of heat exposure period. Rats were
sacrificed by cervical dislocation and blood was collected from
hepatic vein in EDTA-containing polypropylene vials. The
whole blood was centrifuged at 3000 r.p.m. (2300xg) for 30
mins. at 4°C in Wintrobe’s haematocrit tube to determine
haematocrit value. Ascorbic acid was estimated in plasma and
erythrocytes following the method of Roe and Kuether (1943).

The data obtained from each experiment described above
(N<30) were subjected to statistical analysis. The level of
significance of the observed changes between the control and
treated groups of animals was calculated according to two-tail
student’s ‘t’-test and the probability of chance of occurrence
(p) was determined according to the Table (Level of
significance for two-tail ‘t’-test) of Fisher and Yates (1974).
Differences were considered significant at p<0.05.

RESULTS

Rectal Temperature

The results presented in Figs. 1A and 1B demonstrate that the
normal rectal temperature of adequately (18%) protein-fed rats
was quite higher (37.4140.13°C) than that of the protein-
restricted (6%) rats (36.65+0.12°C). But, when the rats were
exposed to heat (both chronic and acute), a comparatively
higher elevation of temperature was observed in 6% protein-
fed group of rats. The results also reveal that, increased reserve
of ascorbic acid by its prior supplementation to the rats
augmented the elevation of rectal temperature to a higher
degree during heat exposure. It was further observed that after
3rd day of chronic heat exposure (2 hrs. daily at 43°C for 15
successive days), the elevation of rectal temperature of 18%
protein-fed rats during heat exposure began to decrease
gradually to reach a constant level which tended to be
maintained throughout the subsequent days of heat exposure.
But, when the rats were under protein restriction, such
stabilizing tendency of rectal temperature took more than 3
days to be established.

Haematocrit Value

Figs. 2A and 2B show a decrease in haematocrit value after
chronic heat exposure and an increase in it in acute heat-
exposure. Prior supplementation of ascorbic acid tended to
reverse the change in haematocrit value to some extent
following chronic exposure to heat. Figs. 2A and 2B also
demonstrate that the haematocrit values of both control and
treated groups of animals went down to a great extent as a
result of protein restriction.

Ascorbic Acid Status of Blood
The results presented in Table 1 reveal the decrease in plasma

ascorbic acid level following acute heat exposure in 18%
protein-fed rats as well as 6% protein-fed rats.
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Table 1. Effect of heat-exposure on the ascorbic acid content of plasma and erythrocytes

Chronic Acute
Dietary Groups of animals Ascorbic acid Ascorbic acid Ascorbic acid Ascorbic acid
protein levels (ng/ml plasma) (pg/ml packed RBC) (pg/ml plasma) (pg/ml packed RBC)
18% Control (6) 15.01 +£1.32 6.00+0.83 15.01+£1.32 6.00+0.83
Heat-exposed (8) 12.53+0.81 7.86 £0.58 10.44 £ 0.88 5.44 +£0.06
(p™0.5) (p™0.5) (p*<0.05)
Heat exposed + Ascorbic 24.39+1.35 11.59 £ 1.65 22.32+1.39 9.62+0.57
acid supplementation (8) (p°<0.001) (p°<0.05) (p°<0.001) (p°<0.001)
(p°<0.001) (p™<0.001) (p°<0.01)
6% Control (6) 13.66 + 0.28 481£0.12 13.66 £ 0.28 595+0.25
Heat-exposed (7) 10.52+0.14 4.93£0.29 10.00 £ 0.28 4.81+038
(p*<0.001) (p<0.001) (p*<0.05)
Heat-exposed + Ascorbic 18.4+0.76 6.37+0.05 17.06 £0.98 8.79£0.34
acid supplementation (8) (p°<0.001) (p°<0.001) (p°<0.01) (p°<0.001)
(p°<0.001) (p°<0.001) (p°<0.01) (p°<0.001)

Values are means + SEM; p* — Compared with control; p® — Compared with heat-exposed; p° — Compared with control; Figures in the parentheses of the

column of Groups of animals indicate the number of animals.
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Fig.1A. Effect of chronic heat exposure on rectal temperature of rats fed on an 18% and a 6% protein diets.
The vertical line on the top of the bar graph indicates +SEM
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Fig.1B. Effect of acute heat exposure on rectal temperature of rats fed on an 18% and a 6% protein diets.
The vertical line on the top of the bar graph indicates +SEM
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Fig.2A. Effect of chronic heat-exposure on the haematocrit values of rats fed on an 18% and a 6% protein diets.
The vertical line on the top of the bar graph indicates +SEM
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Fig.2B. Effect of acute heat-exposure on the haematocrit values of rats fed on an 18% and a 6% protein diets.
The vertical line on the top of the bar graph indicates +SEM

The decrease in plasma ascorbic acid level was also observed
after chronic heat exposure in 6% protein-fed rats. But, when
the ascorbic acid content was estimated in erythrocytes it was
found to be diminished after acute heat exposure in protein-
restricted rats only.

DISCUSSION

The elevation of rectal temperature and its maintenance at a
constant level by controlling the exposure temperature and the
duration of exposure ascertain the effectiveness of our
experimental design of heat exposure. The reduction of rectal
temperature to a more or less constant level and its
maintenance throughout the later days of heat exposure are
indication of heat acclimatory response. The data obtained
(Figs. 1A and 1B) establish that the dietary protein level has a
clear influence on the degree and rate of acclimation against
heat stress. Comparatively higher elevation of rectal
temperature and the prolonged time taken by the rats of
protein-restricted group for the development of acclimation

against heat stress indicate that dietary protein deficiency
somehow weakens the heat-regulatory and acclimatory
processes of the body. Further, supplementation of ascorbic
acid prior to heat exposure was found only to elevate the rectal
temperature as an immediate effect. It is probably due to the
inducing effect of ascorbic acid on the overall increment of
metabolic processes of the body presumably via stimulating
the actions of metabolic hormones. Chronic heat exposure
reduced the food intake of rats which appeared severe in
protein-restricted group.

Therefore, to eliminate the effects of calorie deficiency on heat
stress development, the control rats in the present study were
pair-fed with heat-exposed rats. The haemotacrit values (Figs.
2A and 2B) decreased in both protein-restricted and adequately
protein-fed rats in response to chronic heat exposure, and the
decrease was greater in protein-restricted rats. Both dietary
protein deficiency and heat stress induce oxidative stress in the
body (Huang and Fwu, 1993; Lee Byung and Hanguk, 1982).
Oxidative stress in turn influences the modulation of
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asymmetric distribution of phospholipid in the bilayer of
erythrocyte membrane (Tanaka and Schroit, 1983). The
membrane phospholipid organization in turn plays an
important role in the trigger mechanism for the recognition and
removal of senescent or oxidatively damaged erythrocytes by
phagocytosis (Tanaka and Schroit, 1983). This may be one of
the reasons underlying the decrease of haematocrit value
following chronic exposure to heat. Haemodilution as a result
of acclimatory response may be the another factor for the
decrease of haematocrit value. This contention is also
supported by the observations of Swaka (2000). Thus, the loss
of plasma water through sweating and the release of
erythrocytes from their reservoirs into circulation may be the
reason of increased haematocrit value due to acute heat
exposure. Alteration of ascorbic acid status of blood after heat
exposure may be considered as an indication of heat-induced
oxidative threat (Tanaka et al., 1997). The rate of entry and
exit of dehydroascorbate to and from erythrocytes is more than
10 fold greater than that of ascorbate (May et al., 1995). So,
higher the oxidant stress in plasma, the greater will be the
conversion of plasma ascorbate and the entry of
dehydroascorbate into the erythrocytes. Inside the erythrocytes,
dehydroascorbate is converted to ascorbate to increase the
intracellular concentration of ascorbic acid. In the present
experiment, the reduction of plasma ascorbic acid level
(Table 1) correlated with the above phenomenon, and thereby
tended to maintain ascorbic acid concentration of erythrocytes
but the decrease in ascorbic acid content (Table 1) of
erythrocytes after acute heat exposure in protein-restricted rats
cannot be explained with certainty.
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