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Abstract: The present study was aimed to determine the effect of ascorbic acid on certain changes of erythrocyte membrane of
heat exposed rat, fed on altered dietary protein levels. Elevated cholesterol to phospholipid (C/PL) ratios (7.56 £0.26; p<0.001 &
10.22 +0.36; p<0.001) in erythrocyte membrane were found both adequately (18%) protein-fed rats and protein-restricted (6%)
rats respectively, following chronic exposure to heat. Prior supplementation with ascorbic acid potentiated the effect of chronic
heat exposure on cholesterol content (58.47+0.98; p<0.01& 58.38 +1.35; p<0.001) of erythrocyte membrane of both adequately
protein-fed rats and protein-restricted rats respectively, while it tended to restore partially phospholipid content (7.65 +0.57;
p<0.05) of the erythrocyte membrane in adequately protein-fed rats only. The increased activity of AchE was observed, unlike
ATPases which showed depressed activity. Significant decrease in iodine number and increase in conjugated diene formation
and increased alanine liberation were found in erythrocyte membrane of chronic heat exposed rat. Acute exposure showed the
elevated formation of conjugated diene (4.96 +0.13; p®<0.01) in rats fed a 6% protein diet and decreased in iodine number (36.39
+1.09; p*<0.05) in adequately protein-fed rats only.
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L. INTRODUCTION
Temperature is an important environmental factor which plays a vital role in the reproduction, growth, development and destruction
of all living organisms. It is predicted that the trend of increase of temperature in summer will continue globally [1, 2]. Heat wave
resulted death of large number livestock in different countries and creates an economic burden in the livestock industry worldwide
[3, 4]. Mild elevation of temperature favours the cells to readjust the homeostatic equilibrium [5]. Fever appears to be an
evolutionarily conserved response to bacterial or viral infection and may have survival benefits [6]. 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. [7]. Diagnosing heat-related illness can be difficult because
symptoms vary depending on the extent and magnitude of exposure and individual variability to similar heat loads [8].
Environmental stress like heat or cold stress was found to have influence on blood cells. Erythrocytes are known to haemolyse in
vitro at 48-50°C. Significant haemolysis and increased fragility were not observed at any temperature after incubation for 4 hrs. [9].
The increased osmotic fragility was observed after incubation for 24 hrs at and above 42°C. Thus, it is important to consider not
only the temperature but also the duration of heating [9]. Again, red cells are always under high oxygen pressure and extremely
susceptible to peroxidation and the conditions that favour peroxidation, are seemingly optimal in red cells [10]. Noble et al. reported
that the concentrations of total fatty acids and free cholesterol in the plasma of calves are decreased following short-term exposure
to heat [11]. Lower concentrations of total fatty acids and free cholesterol are maintained on prolonged heat exposure. Heating of
the suspension of pig erythrocyte ghosts induces at least six thermodynamically irreversible transitions. Each of these transitions is
believed to be due to a localized structural transition induced by thermal stress [12]. The greatest elevation of cell membrane fluidity
occurred during immediately upon the heat treatment and is considered as a rate-limiting step of heat-induced haemolysis [13].
Erythrocytes provide valuable information on the cell maintenance and turnover, oxidative stress parameters, membrane
composition and integrity [14]. Bernabucci et al. suggested that erythrocytes are an appropriate and sensitive model to study the
oxidative status of transtition dairy cows exposed to hot environment [15]. On the other hand, studies demonstrated that heat stress
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induces oxidative stress in the body [16, 17, and 18]. Acute heat-stressed broiler chickens had a 2-fold increase in malondialdehyde,
a marker of lipid peroxidation, in skeletal muscle [19]. End-product of lipid peroxidation, acts as a heat shock protein (hsp) inducer
[20]. Membrane cholesterol contents modify the protective power of flavonoids against oxidative stress in erythrocytes [21].The
antioxidant power of flavonoids, in turn depend on the depletion or incorporation of cholesterol in the erythrocyte membrane [22].
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 modulation of glutathione oxidase-reductase system [23]. Any influence on this system will accordingly
modulate oxidative reaction in erythrocytes. Heat stress deforms the cell constituent molecules such as membrane lipids, proteins or
nucleic acids [24]. Thus, the membrane stability may also depend on ascorbic acid status of the membrane. The lipid status of the
erythrocyte membrane and its peroxidation may be other contributory factors for its stability. Phospholipids, sphingolipids and
cholesterol are also involved in stress-induced second messenger generation [25, 26]. Mild changes in temperature leads to change
in lipid raft and resulted in altered fluidity and consequently, heat shock factor synthesis [27]. In addition, dietary protein and lipid
level is also known to have profound influence on antioxidant system and membrane composition and stability [28].

Accordingly, the aim of the present investigation is to study the effect in vivo of heat stress on biochemical changes of erythrocyte
membrane in terms of lipid status, lipid peroxidation, glutathione metabolism and activities of membrane marker enzymes 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.

1. MATERIALS AND METHODS
A. Chemicals
Bovine serum albumin (BSA), 5, 5'-dithiobistrinitrobenzoic acid (DTNB), Folin-Ciocalteau reagent, tris, disodium ethylene 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.

B. 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 reported elsewhere [29]. The composition of the salt mixture used was as described by Hawk and Oser
[30].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 [29]. The 6% protein was used as an inadequate dietary protein level (protein inadequacy) to study the influence
of dietary protein inadequacy. This experiment was approved by the guidelines of Institutional Animal Ethics Committee of
department of Physiology, University of Calcutta.

C. 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 before the
beginning of heat exposure to increase the antioxidant 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 exposed 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.
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D. Measurement of Rectal Temperature

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, defecation 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.

E. 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 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 preparation of ghost
membrane.

F. 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 5mM Tris-HCI (pH 7.4) buffer containing 1mM
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 25,0000 ]g for 30 mins. at 4°C. The supernatant 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.

G. 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.

H. Extraction of Membrane Lipid

The lipid was extracted from erythrocyte membrane by the method as described by Rose and Oklander [33]. After centrifugation, 5

millilitres of supernatant was evaporated to dryness with N, to get the lipid.

1) Estimation of Membrane Cholesterol: To extract the membrane cholesterol 0.1ml of membrane suspension was mixed with
2.9ml of ether-acetone (1:1) mixture and the mixture was warmed at 70°C for 10 mins. It was centrifuged and 2ml of
supernatant was taken for drying with N,. The cholesterol was estimated according to the method as described by Zlatkis et al.
[34]. The result was then computed using the standard curve prepared with aliquots of cholesterol solution having known
concentration.

2) Estimation of Membrane Phospholipid: The lipid was extracted from the membrane with ether-alcohol (1:3) mixture. To 0.1ml
of membrane suspension 5.9ml of ether-alcohol mixture was added. It was vortexed and incubated at 37°C for 12 hrs.
Following centrifugation, 5ml of supernatant was taken for drying. The residue was digested with 0.5ml of 10(N) H,SO, and
15ul conc. HNO; under a low flame of a burner until it became colourless. To it 2ml of distilled water, 0.25ml of 1% ascorbic
acid solution and 0.25ml of 1% ammonium molybdate solution were added and mixed. The absorbance was read at 640nm just
after 30 mins. of addition of ammonium molybdate. The total procedure was based on the method as developed by Youngburg
and Youngburg [35].

3) Determination of lodine Number of Membrane Lipids: lodine number was determined by the method as described by Plummer
[36]. Extraction of lipid was made from packed red cells following the method as described by Rose and Oklander without any
modification [33].

4) Determination of Conjugated Diene Formation in Membrane Lipid: The conjugated diene was measured according to the
procedure as described by Buege and Aust [37]. One millilitre of membrane suspension was mixed with 5ml of chloroform-
methanol (2:1) mixture and the mixture was left for 15 mins. with frequent vortexing. It was then centrifuged at 100xg for 5
mins. to separate the mixture into two phases. The upper layer was removed by suction and 3ml of the lower chloroform layer
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was taken and put to dryness in a water bath at 40°C under a stream of N,; the residue was dissolved with 1.5ml of cyclohexane
and the absorbance was read at 233nm against a cyclohexane blank.

5) Assay of Acetylcholine Esterase (AchE) (EC 3.1.1.8) Activity of Erythrocyte Membrane: The activity of AchE was assayed by
the method as described by Ellman et al. [38], with slight modification as follows: To 28001 of 0.1M phosphate buffer (pH
7.4), 20011 of membrane suspension was added, followed by mixing and warming in incubator at 37°C for 5 mins. To start the
reaction, 0.1ml of 3mM S-butylthiocholine iodide was added to it. After incubating for 30 mins. at 37°C, the reaction was
stopped with addition of 0.1ml of 15% cooled PCA (v/v) and centrifuged to get the supernatant. A definite amount (0.1ml) of
supernatant was added to 0.9ml of 0.25mM DTNB prepared in 0.1M phosphate buffer (pH 8.0) and the absorbance was read at
412nm 10 mins after the addition of DTNB against a reagent blank. The absorbance values were compared with a standard
curve prepared with GSH solution having known concentration to compute the — SH group liberation by AchE.

6) Assay of ATPases (EC 3.6.7.3) Activities of Erythrocyte Membrane: The activities of ATPases were assayed according to the
method as developed by Ronner et al. [39].During assay of three ATPases (Na*-K*, Mg®* and Ca®*-Mg?-ATPases), the total
volume of reaction mixture, amount of HEPES buffer (300mM, pH 7.4) and membrane suspension were kept constant. The
mixtures were preincubated for 5 mins. in a water bath at 37°C and the reaction was started with addition of 0.1ml of 10mM
ATP solution, and incubated for 30mins. at 37°C with constant shaking. The reaction was stopped by the addition of 50% ice-
cold TCA solution and kept cooled until the liberated Pi was estimated. Heat-treated membrane suspension (at 80°C for 5
mins.) was used as control so that ATP blank could be determined. All assays were carried out in duplicate. Ouabain (1%) and
EGTA (1%) were used as blockers for Na*-K*-ATPase, and Ca**-Mg?*-ATPase respectively, and 330mM NaCl, 1200mM KClI,
50mM MgCl, and ImM[1CaCl, were used for the preparation of incubation medium.

7) Estimation of Alanine Content in Erythrocytes: Alanine content of erythrocyte was measured enzymatically following the
method as described by Davies and Goldberg [40].0ne ml of cold 1.6M PCA was added to 3ml of chilled saline-washed cell
suspension and it was kept in ice for 10min with frequent vortexing. The mixture was centrifuged at 50001g for 10 mins. to get
the sample supernatant. To 1ml sample supernatant 200011 of 2M KOH and 800011 of 0.5M. Tris-HCI buffer (pH 9.0) were
added and it was then kept in ice for 2 hrs. during which the perchlorate precipitated the alanine present in each sample
supernatant. The mixture containing 500071 of the supernatant containing alanine, 500071 of 0.8M Tris-buffer (pH 9.0)
containing 0.04M EDTA, 50001 of 6.6 hydrazine hydrate solution, 100711 of 20mM NAD" and 10011 of 20 mg/ml of alanine
dehydrogenase (30 units/mg) was incubated at 37°C for 60mins. Following termination of incubation, the alanine content was
determined fluorometrically by the reduction of NAD* to NADH catalyzed by alanine dehydrogenase that was measured at
excitation wavelength of 340nm and emission wavelength of 450nm. The results were then computed by using a standard curve
prepared with alanine solution having varied amounts ranging from 0-50 [Jmoles.

I. 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 occurrence (p) was determined according to the Table (Level of significance for two-tail ‘t’-test) of
Fisher and Yates [41]. The data were expressed as means + SEM. Differences were considered significant at p<0.05.

1. RESULTS

A. Lipid Status of Erythrocyte Membrane

It is revealed from the Table 1A that chronic heat exposure elevated the cholesterol content and decreased the phospholipid content
of erythrocyte membrane and, consequently, cholesterol to phospholipid (C/PL) ratio was also raised. This pattern of cholesterol and
phospholipid distribution in erythrocyte membrane was found in both adequately (18%) protein-fed rats and protein-restricted (6%)
rats following chronic exposure to heat. Prior supplementation with ascorbic acid potentiated the effect of chronic heat exposure on
cholesterol content of erythrocyte membrane of both adequately protein-fed rats and protein-restricted rats, while it tended to restore
partially phospholipid content of the erythrocyte membrane in adequately protein-fed rats and increased it even after restoration in
protein-restricted rats. Ascorbic acid supplementation on the other hand, appeared to have no significant effect on the alternation of
cholesterol to phospholipid ratio of erythrocyte membrane of rats following chronic exposure to heat. Acute heat exposure unlike
chronic heat exposure was found to have no significant effect on cholesterol content of erythrocyte membrane of rats on an 18%
protein diet, while it showed less depressing effect on cholesterol content of erythrocyte membrane (Table 1B). The increase in
cholesterol to phospholipid ratio in erythrocyte membrane was also less marked in this group of rats following acute exposure to
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heat (Table 1B). Ascorbic acid supplementation to this group of rats raised the cholesterol content of erythrocyte membrane and
tended to reverse partially the change in its phospholipid content and consequent to this, cholesterol to phospholipid ratio in the
erythrocyte membrane was elevated further (Table 1B). The results presented in Table 1B also reveal that protein-restricted rats (6%
dietary protein) following acute exposure to heat did not exhibit any change in the cholesterol content of erythrocyte membrane but
its phospholipid content was reduced and, as a result, cholesterol to phospholipid ratio in the erythrocyte membrane appeared to be
elevated. Ascorbic acid supplementation to this heat-exposed group of rats increased the cholesterol content of erythrocyte
membrane and tended to reverse partially the change in membrane’s phospholipid content. It is further found from the Table 1B that
the elevation in cholesterol to phospholipid ratio in the erythrocyte membrane of protein-restricted rats following acute heat
exposure was further accentuated by ascorbic acid supplementa.

B. Formation of Conjugated Diene in Erythrocyte Membrane

The results presented in Table 2A reveal that the formation of conjugated diene increased in erythrocyte membrane following
chronic exposure to heat. Further, the formation of conjugated diene appeared quite higher in protein-restricted rats than in
adequately protein-fed rats. 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).

C. lodine Number of Erythrocyte Membrane Lipids

lodine number of membrane lipids decreased significantly in both 18% protein-fed and 6% protein-fed rats following chronic
exposure to heat (Table 2A).

Acute heat exposure decreased the iodine number in adequately protein-fed rats only, while in protein-restricted rats no marked
change was observed (Table 2B).

D. Liberation of Alanine in Erythrocyte Membrane
The liberation of alanine increased in both 18% protein-fed and 6% protein-fed groups of rats following chronic as well as acute
exposure to heat (Table 2A and Table 2B).

E. Marker Enzymes of Erythrocyte Membrane

Acetylcholine Esterase (AchE), Na*-K*-ATPase, Ca?*-Mg?*-ATPase and Mg®* ATPase Activities

The results presented in Table 3A reveal that the activity of AchE tended to be increased slightly while the activities of Na™-K"-
ATPase, Ca’*-Mg?*-ATPase and Mg** ATPase were depressed significantly in both adequately protein-fed and protein-restricted
groups of rats following chronic exposure to heat. Prior supplementation of ascorbic acid was found to have no significant reversing
effect on the changes in the activities of these enzymes. Only slight restoring tendency in the activity of AchE was observed (Table
3A). Acute heat exposure was found to produce no marked alteration on the activity of AchE, while the activities of Na'-K*-
ATPase, Ca?*-Mg**-ATPase and Mg?*- ATPase were depressed significantly in both adequately protein-fed and protein-restricted
groups of rats (Table 3B). Supplementation of ascorbic acid showed no reversing effect on the changes in the activities of these
enzymes due to acute heat exposure (Table 3B).

V. DISCUSSION

The phospholipid and cholesterol form an integral part of the erythrocyte membrane. Again, the fatty acid composition of the cell
membrane modulates its structure, fluidity and functions [42, 43]. The pattern of alteration of membrane fluidity is influenced by
changes in the level of unsaturation of the phospholipid fatty acyl chains, phosphatidyl ethanolamine ratios, cholesterol to
phospholipid ratios or protein to lipid ratios and fatty acyl chain length [44]. The fluidity of the membrane in turn has been shown to
modulate cellular functions.

In vivo, the ratio of saturated to unsaturated fatty acids and the amount of cholesterol in the membrane are closely regulated. This
may represent a mechanism of maintaining membrane fluidity within certain limits for optimal membrane functions known as
“homeoviscous adaptation” [45, 46]. There is evidence to suggest that homeoviscous adaptation occurs in vivo, maintaining
membrane fluidity within narrow limits and may be involved in the “fine tuning” of membrane fluidity, by regulating membrane
cholesterol content, phospholipid class distribution, and/or the activities of the membrane-bound desaturase and elongase enzymes.
Cholesterol increases the order of lipids in the membrane, leading to reduced fluidity [47].

The increased cholesterol content (Table 1A) of erythrocyte membrane following chronic heat exposure, as observed in the present
study, is a result of homeoviscous adaptation response. The composition of the membrane is also influenced by the quality of the
diet. The increased membrane cholesterol with concurrent decrease of membrane phospholipid results in the elevation of C/P ratio.
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This in turn maintains the fluidity of the erythrocyte membrane as an acclimatory response to heat stress. From the present studies, it
is also evident that the increased C/P ratio (Table 1A) in erythrocyte membrane took place significantly in chronic heat exposure
only. In case of acute heat exposure, the C/P ratio (Table 1B) increased insignificantly or remained more or less the same as control,
probably due to inadequate development of acclimatory changes. The results further indicate that the C/P ratio in erythrocyte
membrane was quite higher in protein-restricted group of animals in general, whether exposed to heat or not. As the acclimatory and
adaptational changes depend on the length of heat exposure, the deviation of values of the parameter studied appeared to be greater
after chronic heat exposure than acute heat exposure. Interestingly, it is found that supplementation of ascorbic acid to the rats prior
to the initiation of heat exposure and during the period of heat exposures (in case of chronic heat treatment) tended to restore the C/P
ratio in erythrocyte membrane to control level. But, it did not appear to be effective in case of acute heat exposure. Instead, it tended
to elevate further the C/P ratio in erythrocyte membrane. In addition, ascorbic acid supplementation tended to restore the
phospholipid content (Table 1A) of erythrocyte membrane in chronically heat exposed rats. Further, the matured erythrocytes are
incapable to synthesize membrane lipids but can exchange its free cholesterol and outer layer phospholipids lecithin and
sphingomyelin, with plasma lipoprotein [48].

The exact cause of decrease of phospholipid content (Tables 1A and 1B) in erythrocyte membrane following exposure to heat is not
clear from the present investigation. The decreased phospholipid content of erythrocyte membrane following exposure to heat as
noted in the present investigation, may arise from increased phospholipase activity. However, it requires to be ascertained by
studying the activities of phospholipase following exposure to heat.

The reduction of iodine number (Tables 2A and 2B) of erythrocyte membrane lipid in response to chronic heat exposure in vivo
suggests the reduced degree of unsaturation of membrane lipids and, consequently, lower will be the membrane fluidity. Thus, the
reduced iodine number as observed in the present study favours the elimination of chance of heat-induced hyperfluidity 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. This is also supported by the observations of Johnston and Roots who
demonstrated that acclimation to higher temperature results in a greater proportion of saturated fatty acids in the major phospholipid
classes [49]. Accordingly, the lesser increase in lipid peroxidation in erythrocyte membrane following chronic exposure than acute
exposure to heat may be ascribed to the adaptive mechanism developed during chronic exposure to heat.

The increased values of conjugated diene and alanine (Tables 2A and 2B) as noted in the present studies were the outcome of heat-
induced oxidative assult where restriction of protein in the diet aggravates the change.

The increased activity of membrane AchE, unlike ATPases (Tables 3A and 3B) which showed depressed activity, can be ascribed to
hyperfluidity of the membrane and the favourable allosteric modulation following chronic exposure to heat as the enzyme is
localized on the outerside of the membrane.

V. CONFLICT OF INTEREST STATEMENT
The authors declare that there are no conflicts of interest.

VI. ACKNOWLEDGEMENT
Authors acknowledge the immense help received from the scholars whose articles are cited and included in references of this
manuscript. The authors are also grateful to authors / editors / publishers of all those articles, journals and books from where the
literature for this article has been reviewed and discussed. We also acknowledge the great help and supporting assistance, received
from the laboratory and library staff of the Biochemistry and Nutrition Laboratory, Department of Physiology, University of
Calcutta, 92 APC Road, Kolkata-700009.

REFERENCES

[1] Luber. G., McGeehin, M., Climate change and extreme heat events. Am. J. Prev. Med. 35 (2008) 429-435.

[2] Renaudeau, D., Collin, A., Yahav, S., Basilio, V. de, Gourdine, J. L. Collier, R. J., Adaptation to hot climate and strategies to alleviate heat stress in livestock
production. Anim. 6 (2012) 707-728.

[3] Baumgard, L.H., Rhoads, R.P., Ruminant Nutrition Symposium: Ruminant Production and Metabolic Responses to Heat Stress. J. Anim. Sci. 90 (2012) 1855-
1865.

[4] Robert, P.R.,Lance,H.B.,Jessica,K.S., Sara,R.S. Nutritional Interventions to Alleviate the Negative Consequences of Heat Stress. Avd. Nutr. 4(3)(2013) 267-
276.

[5] Park, H.G., Han, S.I., Oh, S.Y., Kang, H.S., Cellular responses to mild heat stress. Cell. Mol. Life Sci. 62 (2005) 10-23.

[6] Peer, AJ., Grimm, M.J., Zynda, E.R. Repasky, E.A., Diverse immune mechanisms may contribute to the survival benefit seen in cancer patients receiving
hyperthermia. Immunol. Res. 46 (2010) 137-154.

[7] Lee-Chiong, T.L. Jr., Stitt, J.T., Heatstroke and other heat-related illnesses. The maladies of summer. Postgrad. Med. 98(1) (1995) 26-36.

©IJRASET (UGC Approved Journal): All Rights are Reserved 363



[21]
[22]
[23]

[24]
[25]

[26]

[27]
[28]
[29]

[30]
[31]

[32]

[33]
[34]
[35]
[36]
[37]
[38]

[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887
Volume 5 Issue IX, September 2017- Available at www.ijraset.com

Zumbach. B., Misztal, I., Tsuruta, S., Sanchez, J.P. Azain, M., Herring, W., Holl, J., Long, T., Culbertson, M., Genetic components of heat stress in finishing
pigs: parameter estimation. J. Anim. Sci. 86 (2008) 2076-2081.

Utoh , J. Harasaki, H., Damage to erythrocytes from long-term heat stress. Clin. Sci. 82(1) (1992) 9-11.

Chiu D, Lubin B, Shohet SB: Peroxidative reactions in red cell biology, in Pryor W (ed): Free Radicals in Biology, vol. 5. San Diego, CA, Academic, (1982) p
115.

Noble, R.C., Mabon, R.M., Jenkinson, D.M., The effects of exposure to warm environments on bovine plasma lipid composition. Res. Vet. Sci. 21(1) (1976)
90-93.

Zhadan, G.G., Cobaleda, C., Jones, A.L., Leal, F., Villar, E., Shnyrov, V.L., Protein involvement in thermally induced structural transitions of pig erythrocyte
ghosts. Biochem.Mol. Biol. Int. 42(1) (1997) 11-20.

Przybylska, M., Bryszewska, M., Kdziora, J., Thermosensitivity of red blood cells from Down's syndrome individuals. Bioelectrochemistry. 52(2) (2000) 239-
249.

Stier, A., Reichert, S., Criscuolo, F., Bize, P., Red blood cells open promising avenues for longitudinal studies of ageing in laboratory, non-model and wild
animals. Exp. Gerontol. 71 (2015) 118-134.

Bernabucci, U., Ronchi, B., Lacetera, N., Nardone, A., Markers of oxidative status in plasma and erythrocytes of transition dairy cows during hot season. J.
Dairy Sci. 85(9) (2002) 2173-2179.

Ohtsuka, Y., Yabunaka, N., Fujisawa, H., Watanabe, I., Effect of thermal stress on glutathione metabolism in human erythrocytes. Eur. J. Appl. Physiol.
Occup.Physiol. 68(1) (1994) 87-91.

Ait-Boulahsen, A., Garlich, J.D., Edens, F.W., Calcium deficiency and food deprivation improve the response of chickens to acute heat stress. J. Nutr. 123 (1)
(1993) 98-105.

Young, K.M., Cramp, R.L., Franklin, C.E., Each to their own: skeletal muscles of different function use different biochemical strategies during aestivation at
high temperature. J. Exp. Biol. 216 (2013) 1012-1024.

Mujahid, A., Akiba, Y., Toyomizu, M., Olive oil-supplemented diet alleviates acute heat stress-induced mitochondrial ROS production in chicken skeletal
muscle. Am. J. Physiol. Regul. Integr. Comp. Physiol. 297 (2009) 690-698.

Cheng, J.Z., Sharma, R., Yang, Y., Singhal, S.S., Sharma, A., Saini, M.K., Singh, S.V., Zimniak, P., Awasthi, S., Awasthi, Y.C., Accelerated metabolism and
exclusion of 4-hydroxynonenal through induction of RLIP76 and hGST5.8

is an early adaptive response of cells to heat and oxidative stress. J. Biol. Chem. 276 (2001) 41213-41223.

Lopez-Revuelta, A., José, I., Sanchez-Gallego, Hernandez-Hernandez, A., SanchezYague, J., Marcial Llanillo, M., Membrane cholesterol contents influence
the protective effects of quercetin and rutin in erythrocytes damaged by oxidative stress. Chem. Biol. Interact. 16 (1) (2006) 79-91.

José, 1., Sdnchez-Gallego, Ldpez-Revuelta, A., José, L., Sardina, HernandezHernandez, A., Sanchez-Yagle, J., Llanillo, M., Membrane cholesterol contents
modify the protective effects of quercetin and rutin on integrity and cellular viability in oxidized erythrocytes. Free Rad. Biol. Med. 48(10) (2010) 1444-1454.
Sunil Kumar, B.V., Kumar, A. and Kataria, M. Effect of heat stress in tropical livestock and different strategies for its amelioration. J. Stress Physiol. Biochem.,
7(1) (2011) 45-54.

Kultz, D., Molecular and evolutionary basis of the cellular stress response. Annu Rev. Physiol., 67 (2005) 225-257.

Vigh, L., Horvath, I., Maresca, B., Harwood, J.L., Can the stress protein response be controlled by ‘membrane-lipid therapy’? Trends Biochem. Sci. 32(8)
(2007) 357-363.

G. Balogh, M. Peter, A. Glatz, I. Gombos, Z. Torok, I. Horvath, J.L. Harwood, L.Vigh Key role of lipids in heat stress management. FEBS Lett. 587(13) (2013)
1970-1980.

Klotzsch, E., Schutz, G. J., A critical survey of methods to detect plasma membrane rafts. Philos. Trans. R. Soc. Lond. B Biol. Sci. 368 (2013) 2012-2033.
Dowhan, W., Bogdanov, M., Lipid—protein interactions as determinants of membrane protein structure and function. Biochem. Soc. Trans. 39 (2011) 767-774.
Chatterjee, A. K., Sadhu, U., Dalal, B. B., Chatterjee, T., Studies on certain drug metabolising enzymes in deoxypyridoxi rats. Japanese J. Pharmacol. 34
(1984) 367- 373.

Hawk, P. B., Oser, B. L., Science 74 (1931) 369-369.

Vincent, T. Marchesi. George, E. Palade., The localization of Mg-Na-K-activated adenosine triphosphatase on red cell ghost membranes. J. Cell. Biol. 35(2)
(1967) 385-404.

Shakir, F.K., Audilet, D., Drake, AJ., Shakir, K.M., A rapid protein determination by modification of the Lowry procedure. Anal. Biochem. 216(1) (1994)
232-233.

Rose, H.G., Oklander, M., Improved procedure for the extraction of lipids from human erythrocytes. J. Lipid. Res. 6 (1965) 428-431.

Zlatkis, A., Zak, B., Boyle, A.J., A new method for the direct determination of serum cholesterol. J. Lab. Clin. Med. 41(3) (1953) 486-492.

Youngburg, G.E., Youngburg, M.V., Phosphorous metabolism,l. A system of blood phosphorous analysis. J.Lab.Clin.Med. 16 (1930) 158-166.

Plummer, DT., An introduction to practical biochemistry (Tata McGraw-Hill Edition). 3rd ed. WK, (1987) pp. 196-200.

Buege, J.A., Aust, S.D., Microsomal Lipid Peroxidatioin. Methods in Enzymol. 52 (1978) pp. 302-310.

Ellman, G.L., Courtney, K.D., Andres, V., Jr. Feather-stone, R.M., A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem.
Pharmacol. 7(1961) 88-95.

Ronner, P., Gazzotti, P., Carafoli, E., A lipid requirement for the (Ca2+ + Mg2+)- activated ATPase of erythrocyte membranes. Arch. Biochem. Biophys.
179(1977) 578-583.

Davies, K.J.A.,Goldberg, A.L., Proteins damaged by oxygen radicals are rapidly degraded in extracts of red blood cells. J. Biol. Chem. 262(1987) 8220-8226.
Fisher, R.A., Yates, F., Statistical Tables for Biological,Agricultural and Medical Research, 6th ed. London:Longman Group Ltd., (1974) pp.1-729.

Brenner, R.R., Effect of unsaturated acids on membrane structure and enzyme kinetics. Prog. Lipid Res. 23(2) (1984) 69-96.

Opmeer, F.A., Hoogsteden, H.C., Characterization of specific receptors for leukotriene D, human alveolar macrophages. Prostaglandins 28 (1984) 183-194.
Yeagle, PL., Cholesterol and the cell membrane. Biochim. Biophys. Acta. 822(3-4) (1985) 267-287.

Quinn, P.J., The fluidity of cell membranes and its regulation. Prog. Biophys. Mol. Biol. 38(1) (1981) 1-10.

Edwards-Webb, J.D., Gurr, M.1., The influence of dietary fats on the chemical composition and physical properties of biological membranes. Nutr.Res.8 (1988)
1297-1305.

©IJRASET (UGC Approved Journal): All Rights are Reserved

364



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887
Volume 5 Issue IX, September 2017- Available at www.ijraset.com

Stubbs, C.D., Smith, A.D., The modification of mammalian membrane polyunsaturated fatty acid composition in relation to membrane fluidity and function.

N. Engl. J. Med. 297(7) (1977) 371-377.

[47]
Biochim. Biophys. Acta. 779(1) (1984) 89-137.
[48] Cooper, R.A., Abnormalities of cell-membrane fluidity in the pathogenesis of disease.
[49] Johnston, P.V., Roots B.1., Brain lipid fatty acids and temperature acclimation. Comp Biochem. Physiol. 11 (1964) 303-309.

Table 1a:; effect of chronic heat-exposure on cholesterol and phospholipid contents of erythrocyte membrane.

Dietary Cholesterol Phospholipid (Og
. . . Cholesterol/
protein Groups of animals (Dg/mg membrane | Pi/mg membrane . .
. - Phospholipid ratio

levels protein) protein)
Control (6) 48.46 (1111.29 9.53 J1J0.50 5.08 JJ0.16
Heat-exposed (8) 54.73 11J0.12 7.24 110.48 7.56 11J0.26

18% (p?<0.001) (p?<0.01) (p?<0.001)
Heat-exposed + Ascorbic acid | 58.47 [1110.98 7.65 [1110.57 7.64 11110.13
supplementation (8) (p°<0.01) (p°<0.001) (p°<0.05) (p°<0.001)
Control (6) 45.74 11110.96 5.65 J1J0.16 8.09 J1J0.26
Heat-exposed (8) 51.32 11J0.42 5.02 J1J0.22 10.22 1110.36

6% (p?<0.001) (p?<0.05) (p?<0.001)
Heat-exposed + Ascorbic acid | 58.38 [1111.35 5.89 [1110.08 9.91 1110.34
supplementation (8) (p°<0.001) (p°<0.001) | (p°<0.01) (p°<0.01)

Values are means [1T1SEM.
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 1b.: effect of acute heat-exposure on cholesterol and phospholipid content of erythrocyte membrane.

. . Cholesterol Phospholipid 0 .

Dietary protein . olestero . 0SPhOTIp! (Ve Cholesterol/ Phospholipid
Groups of animals (Dg/mg membrane | Pi/mg membrane .

levels . - ratio

protein) protein)

Control (6) 48.38 11110.89 9.34 11J0.33 5.18 11J0.14
Heat-exposed (8) 49.20 01110 8.26 11J0.19 5.96 11J0.18

18% (p?<0.05) (p?<0.05) (p?<0.01)
Heat-exposed + Ascorbic | 59.89 [1110.52 8.64 1110.20 6.82 1110.22
acid supplementation (8) | (n°<0 001) (p°<0.001) | (p°>0.05) (p°<0.001) (p°<0.01)
Control (6) 45.05 11J0.67 6.05 110.41 7.45 100.21
Heat-exposed (7) 45.97 1110.67 5.28 11J0.21 8.71 110.32

6% (p®>0.05) (p?<0.01)
Heat-exposed + Ascorbic | 55.84 [1111.33 5.67 1110.12 9.84 11110.29
acid supplementation (8) | (n°<0 001) (p°<0.001) | (p°>0.05) (p°<0.001) (p°<0.05)
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Values are means [1T1SEM.

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 2a.: effect of chronic heat-exposure on conjugated diene formation and iodine number of erythrocyte membrane.

Dietary Conjugated diene Alanine liberated
protein Groups of animals (nmole/mg membrane | lodine number (Omole/ml packed RBC
levels protein
Control (6) 5.74 11J0.38 40.69 (111.24 0.47 J1J0.01
Heat-exposed (8) 8.62 [1110.19 30.20 [1110.29 (p*<0.001) | 0.65 [1110.03
18% (p?<0.001) (p?<0.001)
Heat-exposed + Ascorbic | Not measured Not measured Not measured

acid supplementation (6)

Control (6) 3.94 100.21 31.87 1110.24 0.52 J1J0.01

Heat-exposed (8) 6.11 [1110.08 26.77 [1110.65 (p*<0.001) | 0.70 L1110.01
6% (p?<0.001) (p?<0.001)

Heat-exposed + Ascorbic | Not measured Not measured Not measured

acid supplementation (6)

Values are means [1T1SEM.

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 2b.: Effect of acute heat-exposure on conjugated diene formation and iodine number of erythrocyte membrane.

Dietary Conjugated diene Alanine liberated
protein Groups of animals (nmole/mg  membrane | lodine number (Omole/ml packed RBC)
levels protein

Control (6) 5.74 11J0.38 41.05 JJ1.22 0.47 J1J0.01

Heat-exposed (8) 5.47 1110.16 36.39 (1(11.09 0.54 [1110.005
18% (p°<0.05) (p°<0.001)

Heat-exposed + Ascorbic | Not measured Not measured Not measured

acid supplementation (6)

Control (6) 3.94 100.21 32.00 £J0.91 0.52 J1J0.01

Heat-exposed (8) 4.96 11110.13 30.08 [1110.49 0.59 11110.02
6% (p?<0.01) (p?<0.05)

Heat-exposed + Ascorbic | Not measured Not measured Not measured

acid supplementation (6)
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Values are means [1T1SEM.

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.: Effects of chronic heat-exposure on acetylcholine esterase, (na*-k*)-atpase, (ca’*-mg®*)-atpase and mg**-atpase activities

of erythrocyte membrane.

AchE

. + et 2+ 2+

Dietary . (mmole  -gH | & K-ATPase | Ca' -Mg Mg?*-ATPase ((imole Pi/mg

protein Groups of animals (Omole Pi/mg | ATPase (Omole .

levels gr./mg protein/hr.) Pi/mg protein/hr.) protein/hr.)

protein/hr.)

Control (5) 1.51 (1110.06 3.41 100.12 2.46 1110.39 0.58 (1110.02
Heat-exposed (6) 1.80 1110.02 1.70 0010.07 1.06 (1010.07 0.29 J1J0.03

18% (p?<0.01) (p?<0.001) (p?<0.01) (p?<0.001)
Heat-exposed + | 1.64 110.02 1.62 1110.08 1.20 J(10.04 0.21 JJ0.01
Ascorbic acid | (p"<0.001) (p°<0.001) (p°<0.01) (p"<0.05) (p°<0.001)
supplementation (6)
Control (5) 1.65 (1010.01 3.39 000.11 1.88 1110.38 0.46 (1110.05
Heat-exposed (6) 1.75 110.04 0.61 (J1J0.07 1.03 1(10.09 0.22 (11J0.02

6% (p?<0.05) (p?<0.001) (p®>0.05) (p?<0.01)
Heat-exposed + | 1.67 J10.07 0.64 1110.08 1.27 1110.04 0.22 J1J0.01
Ascorbic acid (p°<0.001) (p°<0.05) (p°<0.01)
supplementation (6)

Values are means [1T1SEM.
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 3b.: Effects of acute heat-exposure on acetylcholine esterase, (na*-k*)-atpase, (ca**-mg**)-atpase and mg?*-atpase activities of

erythrocyte membrane.

A + o+ 2+ 2+

Dleta_ry Groups of AchE Na™-K ATPasg Ca"-Mg ATPgse Mg?-ATPase (/Imole

protein . (mmole -SH gr./mg | (Cmole Pi/mg | (Omole Pi/mg | _. .
animals . . . Pi/mg protein/hr.)

levels protein/hr.) protein/hr.) protein/hr.)

Control (6) 1.51 (1110.06 3.41 100.12 2.46 1110.39 0.58 (1110.02
Heat-exposed (6) | 1.50 [J(J0.03 2.32 110.10 1.61 1010.01 0.34 J1J0.01
(p®>0.05) (p?<0.001) (p®>0.05) (p?<0.001)
0,

18% Heat-exposed + | 1.42 [1110.04 1.94 1111041 1.44 1111001 0.35 (1110.04
Ascorbic acid (p">0.05) (p°<0.05) (p°<0.001)
supplementation (p°<0.01)

(6)
Control (6) 1.65 1010.01 3.39 000.11 1.88 1110.38 0.46 (1110.05

6% Heat-exposed (6) | 1.69 [1(10.02 1.25 0010.17 1.26 1110.10 0.23 J1J0.02

(p*>0.05) (p<0.001) (p">0.05) (p<0.01)
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Heat-exposed + | 1.64 (1(J0.01 1.17 000.12 1.24 1110.08 0.25 J1J0.03
Ascorbic  acid | (p">0.05) (p°<0.001) (p°>0.05) (p<0.01)
supplementation

(6)

Values are means [1T1SEM.

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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