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ABSTRACT

This study was carried out to determine the effect of altered dietary protein level on the antioxidant status of erythrocytes of in
vivo heat exposed rats. Experiments were performed on adult (80-90 days old) male Wister strain rats, divided in six groups of
five animals each. Animals were exposed to 43+1 °C, ambient humidity conditions for 3 h daily for 15 days in a well maintained
climatic chamber. Increased TBARS productions were found when measured in packed erythrocytes and erythrocyte mem-
branes in both the rats fed on 18% or 6% protein diet after acute and chronic heat exposure. Supplementation of ascorbic acid
to the rats fed on 18% or 6% protein diet was found to reduce the TBARS production remarkably in packed erythrocytes while
it further raised the TBARS production in erythrocyte membrane in response to chronic and acute heat exposure. The liberation
of alanine increased in 18% protein-fed as well as 6% protein-fed rats following chronic and acute exposure to heat. Decreased
GSH content and increased membrane total thiol (-SH) content of erythrocytes were observed in both 18% protein-fed and 6%
protein-fed rats. Prior supplementation of ascorbic acid was found to restore partially the GSH content of erythrocyte and to po-
tentiate the increase in membrane total thiol (-SH) content in both adequately protein-fed and protein-restricted groups of rats.
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INTRODUCTION effects on erythrocytes [7,8,9,10].Oxidative stress has been

implicated with increased protein degradation through sev-

Red cells are always under high oxygen pressure and ex-  ¢ra] mechanisms, including the activation of proteases and
tremely susceptible to peroxidation and the conditions that increasing the expression of genes involved in autophagy
favour peroxidation, are seemingly optimal in red cells [1]. 5,4 proteolysis [11, 12,13]. ROS have been shown to impair
Due to their function in carrying oxygen and their high iron protein synthesis by preventing mRNA translation [14, 15,
content, erythrocytes are constantly exposed to oxidative ¢ 17,18].Acute heat-stressed broiler chickens had a 2-fold
stress [2]. Bernabucci er al. suggested that erythrocytes are  jpcrease in malondialdehyde, a marker of lipid peroxidation,
an appropriate and sensitive model to study the oxidative iy gkeletal muscle [19]. End-product of lipid peroxidation,
status of transition dairy cows exposed to hot environment  4.t5 a5 a heat shock protein (hsp) inducer [20]. Membrane
[3]. On the other hand, studies demonstrated that heat stress  .holesterol contents modify the protective power of flavo-
induces oxidative stress in the body [4, 5,6]. It has been p5i4q against oxidative stress in erythrocytes [21].The anti-
demonstrated that heat stress is one of the most important  yidant power of flavonoids, in turn depend on the depletion
stressors in the hot regions of the world(Altan, 2003).It re- . incorporation of cholesterol in the erythrocyte membrane
sults the generation of free radicals and other reactive oxy- [22]. Ascorbic Acid is an outstanding antioxidant found in
gen species(ROS) (Chihuailaf et al., 2002) which leads to  the human blood plasma [23] and it stabilizes free radicals
cellular and tissue damage (Tkaczyk andVizek, 2007). Free 414 terminates free radical induced lipid peroxidation of cy-
radicals and ROS have been demonstrated to have adverse tochromes, thereby maintaining the structural integrity of
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cells [10,24].Further, it is known that ascorbic acid along
with electrolyte supplementation was found to ameliorate the
heat stress in buffaloes and plays a key role in the modula-
tion of glutathione oxidase-reeducates system [25].1t is con-
cluded that specific cytosolic proteins are trans located to
the membrane in human erythrocytes exposed to heat stress
and they may play a novel role as erythrocyte membrane
protectors under stress by stabilizing the membrane skeleton
through their interactions with skeletal proteins(Sharma S,
Zingde SM, Gokhale SM., 2013)[26]. Again, it is reported
that the responses to heat stress are not only dependent on
denatured proteins. The membrane lipid changes and the as-
sociated production of signalling metabolites clearly have
a pivotal function to modify the heat stress response [27].
In addition, dietary protein level is also known to have pro-
found influence on antioxidant system and membrane com-
position and stability[28]. Nutritional modifications may
help animals to prevent nutrient deficiencies that result from
heat stress. Lower food intake during hot weather reduces
nutrients available for absorption, and absorbed nutrients are
used less efficiently [28].

Accordingly, the aim of the present investigation is to study
the effect in vivo of heat stress on biochemical changes of
erythrocyte in terms of antioxidant status, lipid peroxidation
and glutathione metabolism on dietary protein adequacy and
inadequacy. It is also intended to note whether ascorbic acid
supplementation has any protective effects against chronic
and acutely heat-induced membrane changes.

MATERIALS AND METHODS

Chemicals

Bovine serum albumin (BSA), 5, 5'-dithiobistrinitrobenzoic
acid (DTNB), Folin-Ciocalteau reagent, tris, disodium ethyl-
ene tetra acetate (EDTA), reduced glutathione (GSH), were
purchased from SRL, Mumbai, India. 5-Sulphosalicylic acid
dihydrate and 2-thiobarbituric acid (TBA) were purchased
from Spectrochem, Mumbai, India. Other chemicals used
throughout the investigation were of analytical grade.

Animals and diets

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 (casein)18%,
carbohydrate(amylum) 71%, fat(groundnut oil) 7%, salt
mixture 4% and adequate amount of vitamins mixture as re-
ported elsewhere [29]. The composition of the salt mixture
used was as described by Hawk and Oser [30].Then the ani-
mals 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 remain-
ing groups were maintained on the diet containing 6% pro-
tein, 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 [29]. The 6% protein
was used as an inadequate dietary protein level (protein inad-
equacy) to study the influence of dietary protein inadequacy.
This experiment was approved by the guidelines of Institu-
tional Animal Ethics Committee of department of Physiol-
ogy, University of Calcutta.

Heat Exposure

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 from one week be-
fore the beginning of heat exposure to increase the antioxi-
dant reserves of the rats, and supplementation was continued
till the day before their sacrifice. Effective thermal stress
was determined by varying the duration of heat exposure and
keeping the exposure temperature constant and vice versa. In
both conditions rectal temperature of each rat was recorded
at regular time intervals and also after the termination of
heat-exposure in each day to know the pattern and degree of
heat stress imposed on the rats. Following these approaches
temperature of 43+1°C with 2 hrs. duration per day for 15
successive days and 43+1°C temperature with 3 hrs. duration
in one day were considered optimum to produce the effect of
chronic and acute heat exposure, respectively. Rats were ex-
posed to heat between 2 and 6 p.m. in each day to avoid the
diurnal variation of temperature. To maintain the uniformity
in the heat stress induced, no experiment was performed in
the months of summer (April to June) and winter (December
to February). The entire study was carried out with several
sets of experiments involving different groups of rats and
keeping all the above conditions identical.

Tissue Collection

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 haemoly-
sis. To obtain erythrocytes, heparinized blood was centri-
fuged (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
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washed and packed erythrocytes were used for the prepara-
tion of ghost membrane.

Preparation of Erythrocyte Membrane

Fresh blood obtained from the rat was used to prepare
ghost membrane following the procedure as developed
by Marchesi and Pallade [31]. The packed red cells were
washed thrice in 130mM NaCl and 20mM Tris-HCI (pH
7.4) mixture and recovered by centrifugation at 2500 r.p.m.
for 15mins. Saline-washed red cells were lysed in 5SmM
Tris-HCI (pH 7.4) buffer containing ImM EDTA and kept
at 4°C for 15 mins. Thirty nine volumes of haemolysing
fluid were added to 1 volume of packed red cell, followed
by centrifugation at 25,000g for 30 mins. at 4°C. The super-
natant was discarded and the membrane settled down was
resuspended in the same medium and centrifuged again.
The same procedure was repeated for 3 to 4 times until the
membrane became milky white. Finally, the membrane was
suspended in 50mM Tris-HCI buffer (pH 7.4) containing
ImM EDTA and kept frozen. All operations were carried
out in cold.

Estimation of Membrane Protein

The protein was estimated by modified Lowry method [32].
The absorbance was read at 500nm and the protein content
was calculated using a standard curve prepared with aliquots
of BSA-solution having known concentration.

Statistical analysis

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 oc-
currence (p) was determined according to the Table (Level
of significance for two-tail ‘t’-test) of Fisher and Yates [33].
The data were expressed as means + SEM. Differences were
considered significant at p<0.05.

RESULTS

Ascorbic Acid Status of Blood

The results presented in Table 1 reveal the decrease in plas-
ma ascorbic acid level following acute heat exposure in 18%
protein-fed rats as well as 6% protein-fed rats. 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.

0 e i i o i o o |

Erythrocyte Thiobarbituric Acid Reactive Sub-
stances (TBARS)

The results presented in Table 2A demonstrate that the rats
receiving an 18% or 6% protein diet showed after chronic
exposure to heat increased TBARS production when meas-
ured in packed erythrocytes and erythrocyte membranes. Pri-
or supplementation of ascorbic acid to the rats fed on 18% or
6% protein diet was found to reduce the TBARS production
remarkably in packed erythrocytes while it further raised the
TBARS production in erythrocyte membrane in response to
chronic heat exposure.

Acute heat exposure was also found to increase the TBARS
production in packed erythrocytes as well as in erythrocyte
membrane (Table 2B). The Tables 2A and 2B also indicate
that the formation of TBARS in erythrocyte membrane of
rats fed on an 18% or a 6% protein diet was quite higher fol-
lowing acute heat exposure than chronic exposure to heat.
Prior supplementation of ascorbic acid restored partially the
production of TBARS in packed erythrocyte but elevated its
production in erythrocyte membrane of rats fed on an 18% as
well as a 6% protein diet.

Formation of Conjugated Diene and Liberation
of Alanine in Erythrocyte Membrane

The results presented in Table 2A reveal that the formation
of conjugated diene increased in erythrocyte membrane fol-
lowing chronic exposure to heat. Further, the formation of
conjugated diene appeared quite higher in protein-restricted
rats than in adequately protein-fed rats. Alanine was also
liberated in higher amount in both 18% protein-fed and 6%
protein-fed groups of rats following chronic exposure to heat
(Table 2A).

Acute heat exposure showed no effect on the formation of
conjugated diene in 18% protein-fed rats but it elevated the
formation of conjugated diene in rats fed a 6% protein diet
(Table 2B). The liberation of alanine increased in 18% pro-
tein-fed as well as 6% protein-fed rats following acute expo-
sure to heat (Table 2B).

Reduced Glutathione (GSH) and Membrane-
thiol (-SH) Level of Erythrocytes

Table 3A shows that following chronic exposure to heat,
the GSH content of erythrocyte was reduced in both 18%
protein-fed and 6% protein-fed rats. The results also dem-
onstrate that the extent of decrease in GSH content of eryth-
rocyte in protein-restricted group of rats following chronic
exposure to heat was further accentuated.

Prior supplementation of ascorbic acid restored partially the
GSH content of erythrocyte in both adequately protein-fed
and protein-restricted groups of rats.
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Acute heat exposure decreased the GSH content of eryth-
rocyte significantly in rats fed an 18% protein diet while in
protein-restricted group of rats, the decrease in GSH content
was not statistically significant (Table 3B). Supplementa-
tion of ascorbic acid restored completely the GSH content
of erythrocyte of adequately protein-fed rats following acute
exposure to heat.

The membrane total thiol (—~SH) content unlike the GSH con-
tent of erythrocytes increased in both adequately protein-fed
and protein-restricted groups of rats following chronic expo-
sure to heat (Table 3A). Prior supplementation of ascorbic
acid potentiated the increase in membrane total thiol (—SH)
content in rats, fed an 18% or a 6% protein diet.

Following acute heat exposure no marked alteration in mem-
brane total thiol level was observed in rats fed an 18% pro-
tein diet, but in protein-restricted group of rats, it tended to
be increased slightly (Table 3B). The supplementation of
ascorbic acid was found to increase the reserve of membrane
total thiol (—SH) content in rats fed an 18% or a 6% protein
diet (Table 3B).

lodine Number of Erythrocyte Membrane Lipids
Iodine number of membrane lipids decreased significantly
in both 18% protein-fed and 6% protein-fed rats following
chronic exposure to heat (Table 3A).Acute heat exposure
decreased the iodine number in adequately protein-fed rats
only, while in protein-restricted rats no marked change was
observed (Table 3B).

DISCUSSION

Alteration of ascorbic acid status of blood after heat expo-
sure may be considered as an indication of heat-induced oxi-
dative threat (Tanaka et al., 1997) [34]. 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)
[35]. So, higher the oxidant stress in plasma, the greater will
be the conversion of plasma ascorbate and the entry of dehy-
droascorbate 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 (Ta-
ble 1) correlated with the above phenomenon, and thereby
tended to maintain ascorbic acid concentration of erythro-
cytes but the decrease in ascorbic acid content (Table 1) of
erythrocytes after acute heat exposure in protein-restricted
rats cannot be explained with certainty.

The increased values of malondialdehyde (MDA), conju-
gated diene and alanine (Tables 3A and 3B), as noted in the
present studies, were the outcome of heat-induced oxidative
assault. Again, lipid peroxidation is a free radical-mediated

oxidative deterioration of polyunsaturated fatty acid residues
in membrane lipids, resulting in the formation of lipid hy-
droperoxide (Wayner et al., 1987) [36]. Malondial- dehydes,
the peroxidative end product of unsaturated fatty acids, are
water soluble; when they are free they could dissipate from
erythrocyte into the plasma (Jain, 1988) [37]. Thus, MDA
detected in the membrane probably is not all that was formed
during the in vivo exposure of erythrocytes to heat.

Ascorbic acid has been suggested to be an effective anti-
oxidant, either directly by reacting with aqueous radicals or
indirectly by regenerating vitamin E, which is the primary
scavenger of radicals within the membrane (Frei et al,
1989[38]). In spite of this action of ascorbic acid, higher val-
ues of lipid peroxidation obtained in the present study even
after supplementation of ascorbic acid are not clear. How-
ever, the inability of ascorbic acid to prevent membrane li-
pid peroxidation is possibly due to its hydrophilic property.
This property makes it unable to prevent lipid peroxidation
in membrane effectively (Krous et al., 1997) [39].

The reduced glutathione (GSH) content and membrane
SH-groups (Tables 4A and 4B) are important indicators
of antioxidant reserve of the cell. The reduced glutathione
participates in the protection of the sulphhydryl group of
cysteine in protein and other cell constituents, and also in
the protection of cells against oxidation by free radicals and
reactive oxygen intermediates (Fujii et al.,, 1984; Meister,
1985) [40,41]. Heat stress induces generation of oxidizing
agents, which damage the erythrocyte membrane through
SH-group oxidation thus modifying the cell permeability,
and inactivating the membrane bound enzymes (Bono et al.,
1987) [42]. The depletion of GSH leads to lipid peroxida-
tion and, consequently cellular damage. In the present study,
GSH levels (Tables 4A and 4B) in erythrocyte were found to
be decreased significantly by chronic as well as acute heat
exposure. Such decrease in the GSH level in erythrocyte
membrane following chronic heat exposure was further ac-
centuated by dietary protein deficiency. On the other hand,
acute heat exposure on a protein-restricted diet was found to
have no significant effect on GSH level of erythrocyte mem-
brane. This shows that dietary protein deficiency produces
differential response of the membrane GSH level between
chronic heat exposure and acute heat exposure. Although we
have not measured the oxidized form of glutathione (GSSQ),
it may be suggested that during chronic exposure of higher
temperature some oxidizing agents were generated and GSH
was used to eliminate these agents, resulting in its dimin-
ished content in the erythrocyte membrane. The changes
in erythrocyte GSH level after chronic heat exposure were
restored partially and those after acute heat exposure were
restored completely by ascorbic acid supplementation. This
shows ascorbic acid supplementation can appreciably coun-
teract the heat-induced changes in membrane GSH level. In
spite of the diminished GSH content of the erythrocyte mem-
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brane, there was increased level of membrane SH-groups af-
ter heat exposure. Whether, this is due to increased uptake of
cystine or due to other mechanisms remains to be explored
by further studies. But, the increased levels of membrane
GSH and SH-groups as a result of ascorbic acid supplemen-
tation (Tables 4A and 4B) is supported by the studies of May
et al. (1995), who demonstrated that after supplementation
of any antioxidant, the total glutathione and protein-bound
glutathione generally increased, whereas non-protein glu-
tathione significantly decreased[35].

Various reports (Ohtsuka et al., 1994) and the results of the
present study emphasize that the erythrocytes have to face
a great challenge against oxidative threat during in vivo ex-
posure to heat [43]. The higher MDA, conjugated diene and
alanine values in erythrocytes of heat-stressed rats were an
indication of the depressed antioxidative defence mecha-
nism. Thus, the supplementation of ascorbic acid, demon-
strate that heat stress destabilizes the antioxidant defence
system of erythrocyte and ascorbic acid tries to overcome
it. The results further indicate that the depression of defence
system and enhanced membrane lipid peroxidation were
generally correlated with the degree of protein deficiency, as
the extent of above changes following exposure to heat ap-
peared comparatively greater in dietary protein in adequacy
than in dietary protein adequacy.

CONCLUSION

In the present experiment the reduction of plasma ascorbic
acid in response to chronic heat exposure is correlated with
the development of heat-induced oxidative threat . But the
decrease in ascorbic acid content of erythrocytes after acute
heat exposure in protein-restricted rats cannot be explained
with certainty. The increased values of malondialdehyde,
conjugated diene and alanine as noted in the present studies
were the outcome of heat-induced oxidative assault where
restriction of protein in the diet aggravates the change. In the
present study, GSH levels in erythrocyte were found to be
decreased significantly by chronic as well as acute heat ex-
posure. The decreased GSH level in erythrocyte membrane
following chronic heat exposure, unlike acute heat expo-
sure was further accentuated by dietary protein deficiency.
This shows that dietary protein level produces differential
response of the membrane GSH level between chronic heat
exposure and acute heat exposure. It is further suggested that
the diminished GSH level in erythrocyte membrane follow-
ing exposure to heat in vivo results from increased utilization
of GSH for elimination of oxidizing agents generated due to
exposure to heat. The present studies also revealed that the
changes in erythrocyte GSH level after chronic heat exposure
were restored partially and those after acute heat exposure
were restored completely by ascorbic acid supplementation.
This shows ascorbic acid supplementation can appreciably

counteract the heat-induced changes in membrane GSH lev-
el. The reduction of iodine number as observed in the present
study favours the elimination of chance of heat-induced hy-
perfluidity of the membrane. This suggests that, following
chronic exposure to heat, a sort of adaptive mechanism is
developed in the erythrocyte membrane for maintenance of
fluidity within normal level. The results further indicate that
the depression of defence system and enhanced membrane
lipid peroxidation were generally correlated with the degree
of protein deficiency, as evident from comparatively greater
changes of such parameters in protein restriction, than in pro-
tein adequacy. It is further concluded that some of detrimen-
tal effects induced by heat stress on erythrocyte membrane
can be modulated by the dietary protein deficiency and can
be partially or completely counteracted by the supplementa-
tion of ascorbic acid.
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Table 1: Effect of heat-exposure on the ascorbic acid content of plasma and erythrocytes.

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  (p<o.001) (p<0.05) (p<0.001) (p<o0.001)
(8) (p<o0.001) (p<0.001) (p¢<o0.01)
6% Control (6) 13.66 + 0.28 4.81 % 0.12 13.66 + 0.28 4.81 % 0.12
Heat-exposed (7) 10.52 £ 0.14 4.93£0.29 10.00 * 0.28 5.95 + 0.25
(p*<o0.001) (p*<0.001) (p*<0.05)
Heat-exposed + Ascor-  18.4 + 0.76 6.37 + 0.05 17.06 £ 0.98 8.79 £ 0.34
bic acid supplementa-  (p<o.001) (pP<o0.001) (pP<o.01) (pP<o0.001)
tion (8) (p<o0.001) (p<o0.001) (p<o.01) (p<o0.001)

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 animal.

Table 2A: Effect of chronic heat-exposure on the production of thiobarbituric acid-reactive substances
(TBARS), conjugated diene and alanine in erythrocytes.

18% Control (6) 1.67 £ 0.09 0.51 + 0.03 5.74 = 0.38 0.47 = 0.01
Heat-exposed (6) 2.42 + 0.14 0.81+ 0.02 8.62 £ 0.19 0.65 + 0.03
(p*<0.01) (p*<0.001) (p*<0.001) (p*<0.001)
Heat-exposed + Ascorbic 1.74 + 0.05 0.90 * 0.01 Not measured Not measured
acid supplementation (6) (pP<o0.01) (pP<o0.01)
(p<0.001)
6% Control (6) 2.95 + 0.17 0.50 + 0.02 3.94 + 0.21 0.52 £ 0.01
Heat-exposed (6) 4.43 £ 0.20 1.14+ 0.03 6.11 + 0.08 0.70 * 0.01
(p*<o0.001) (p*<o0.001) (p*<o0.001) (p*<o0.001)
Heat-exposed + Ascorbic 3.35 + 0.03 1.28 £ 0.17 Not measured Not measured
acid supplementation (6) (pP<0.001) (p¢<0.05)  (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.

~ |
Int J Cur Res Rev | Vol 9 « Issue 16 « August 2017




Ghosh et.al.: Modulation of antioxidant status of erythrocyte of in vivo heat exposed rats fed on altered dietary protein level

Table 2B: Effect of acute heat-exposure on the production of thiobarbituric acid-reactive substances (TBARS),

conjugated diene and alanine in erythrocytes.

18% Control (6) 1.67 £ 0.09 0.51 + 0.03 5.74 = 0.38
Heat-exposed (6) 2.32 +0.10 0.01 £ 0.06 5.47 * 0.16
(p*<0.001) (p*<0.001)
Heat-exposed + Ascorbic 1.67 + 0.10 1.43 £ 0.01 Not measured
acid supplementation (6) (p°<o.001) (pb<0.001) (p°<0.001)
6% Control (6) 2.95 + 0.17 0.50 + 0.02 3.94 £ 0.21
Heat-exposed (6) 3.52+ 0.09 0.68+ 0.02 4.96 £ 0.13
(p*<0.05) (p*<0.001) (p*<0.01)
Heat-exposed + Ascorbic 3.04 + 0.09 0.95 * 0.06 Not measured
acid supplementation (6) (p<o0.01) (p<0.01)

0.47 + 0.01

0.54 £ 0.005
(p*<0.001)

Not measured

0.52 + 0.01

0.59 + 0.02
(p*<0.05)
Not measured

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.

Table 3A: Effect of chronic heat-exposure on reduced glutathione content of erythrocyte and total membrane

thiol and iodine number of erythrocyte membrane.

18% Control (6) 551.83 * 21.32
Heat-exposed (8) 238.60 * 15.19 (p*<0.001)
Heat-exposed + Ascorbic acid  412.43 +10.26 (p°<0.001)
supplementation (6) (p<0.001)

6% Control (6) 378.63  13.55
Heat-exposed (8) 161.35 + 17.33 (p*<0.001)

Heat-exposed + Ascorbicacid ~ 234.43 + 12.62 (p®<0.01)
supplementation (6) (pt<0.001)

10.78 + 0.63

14.82 % 0.57 (p?<0.001)

18.45 £ 0.24 (p°<0.001)
(p<o0.001)

9.78 £ 0.47

16.45 * 0.67 (p3<0.001)
17.98 * 0.65 (p°<0.001)

40.69 +1.24

30.20 * 0.29 (p*<0.001)

Not measured

31.87+0.24

26.77 + 0.65 (p*<0.001)

Not measured

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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Table 3B: Effect of acute heat-exposure on reduced glutathione content of erythrocyte and total membrane
thiol and iodine number of erythrocyte membrane.

18% Control (6) 577.32 + 23.02 10.11 £ 0.39 41.05 £ 1.22
Heat-exposed (8) 454-38 + 21.08 (p*<0.05) 10.57 = 0.25 36.39 + 1.09 (p*<0.05)
Heat-exposed + Ascorbicacid 582.72 + 26.04 (pP<0.01)  12.62 + 0.22 (p®<0.001) Not measured
supplementation (6) (pt<0.001)

6% Control (6) 409.30 +16.30 9.81+0.33 32.00 * 0.91
Heat-exposed (8) 364.59 + 17.67 (p>0.05) 10.61 + 0.1 (p*<0.05) 30.08 £ 0.49
Heat-exposed + Ascorbic acid 412.93 +18.95 11.37 + 0.19 (p’<0.01) Not measured
supplementation (6) (p>0.05) (p<0.05)

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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