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NOMENCLATURE
ALT Alanine Amino Transferase
AST Aspartate Amino Transferase
ALP Alkaline Phosphatase
BCIP 5-Bromo-4-Chloro-3-Indolyl Phosphate
FU  Fluorescence Units
GSH Glutathione
GSSG	 Glutathione	Disulfide
PVDF Poly Vinylidene Di Fluoride
HR  Heart Rate
HS  Heat Stress
HSP Heat Shock Protein
LFT  Liver Function Test
MHS Moderate HS
MOD Multi Organ Dysfunction
NBT Nitro Blue Tetrazolium
NO  Nitric Oxide
RH  Relative Humidity
ROS Reactive Oxygen Species
SEM Standard Error Mean
SHS Severe HS
Ta  Ambient Temperature
Tc  Core Temperature
Ts  Skin Temperature

1. INTRODUCTION
Prolonged exposure to high ambient temperature (Ta) 

causes heat associated illnesses which progressively results in 
heat cramp, exhaustion and heat stroke. Heat cramp comprises 
of painful cramps and moist skin whereas heat exhaustion is 
commonly associated with water and sodium depletion. Heat 
stroke	 is	 a	 condition	 where	 heat	 dissipation	 is	 significantly	
reduced and is divided into classical and exertional heat stroke. 
Both stroke conditions develop as core temperature (Tc) reaches 
40 °C and above1-2. Exertional heat stroke develops rapidly 
whereas classical heat stroke develops slowly over several 
days with elevated Tc and is also associated with failure of the 
central nervous system (CNS) and multi-organ dysfunction 
(MOD)3-6. Major factors that contribute towards the production 
of HS are humidity, air movement, metabolic rate, clothing and 
temperature7. Cardiac functions are also affected on exposure 
to environmental stressors which are measured in the form of 
heart rate (HR) and mean arterial pressure ( MAP) of blood8-10. 
In general, HS affects whole body but has severe effects on 
brain, heart, lungs, intestine, kidney and liver11. 

Liver is the second largest organ of the body which 
performs more than 500 vital function that are broadly 
categorised as storage, protein synthesis, metabolism, 
excretion	 and	 detoxification	 of	 potent	 toxins12. Liver 
parenchyma functions as storage for glycogen, fat and fat-Received : 26 June 2018, Revised : 21 September 2018 
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ABSTRACT 

Exposure to heat stress (HS) elicits systemic and cellular response in experimental animals and humans. The 
current study was undertaken to determine the effect of HS on liver microstructure and function in rats. A heat 
simulation chamber with ambient temperature (Ta) 45 ± 0.5 °C and relative humidity (RH) 30 ± 5 per cent was used 
to expose animals to HS. Rats were categorised as moderately heat stressed (MHS, Tc = 40 °C) and severely heat 
stressed (SHS, Tc = 42 °C) groups. We observed that with rise in core temperature (Tc) alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) levels were increased but glucose level 
was	decreased	in	both	plasma	and	liver	tissue.	Significantly	elevated	levels	of	reactive	oxygen	species	(ROS)	and	
nitric	oxide	(NO)	were	detected	in	liver	of	MHS	and	SHS	animals.	Additionally,	glutathione	disulfide	and	glutathione	
(GSSG and GSH) ratio was found to be increased with rise in Tc which suggested saturation in antioxidant capacity 
of tissue. Furthermore, levels of heat shock proteins (HSPs) and caspases were upregulated upon HS. Results of 
histological examination indicated extensive loss of cells in liver parenchyma leading to disorganisation of lobular 
structure. Thus, biochemical and histological studies in experimental animals demonstrates that HS may severely 
altered structural and biochemical functions of liver.
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soluble vitamins which are essential for several physiological 
functions. The synthesis of plasma proteins, clotting factors, 
urea and glucose occur in the liver which is later released into 
the blood stream. Bile is synthesised in the liver and helps in 
removal of toxins and other excretory metabolic by-products 
from the body13. Heat stroke causes widespread tissue injury, if 
immediate appropriate action is not taken then it results in high 
mortality14. Heat stroke also induces liver damage which was 
initially reported more than 80 year ago but its mechanism is 
still unclear11. However, alterations in physiological variables 
and changes in biochemical parameters have been reported 
by several research groups15-17. A set of assays known as liver 
function test (LFT) are performed to monitor vital functions 
of the liver18. LFT included estimation of ALT, AST, ALP, 
blood glucose, lactate dehydrogenase (LDH), urea, bilirubin 
and albumin19. Perturbations in the above parameters indicate 
that liver is not performing normal physiological functions 
appropriately18. 

Recent reports suggest that heat exposure can induce 
oxidative damage in mammalian tissue20-21. Oxidative stress is 
defined	as	an	imbalance	between	production	and	destruction	of	
ROS via the antioxidant defense system22. ROS consisting of 
superoxide anion (O2

−), hydroxyl radical and hydrogen peroxide 
have the potential to trigger oxidative damage of proteins, 
lipids and nucleic acids. The antioxidant system is affected on 
exposure to HS, as glutathione (oxidised and reduced state) 
level shows variation in response to HS16,23,24. In addition, HSPs 
are induced in several tissues in animals exposed to numerous 
stressors. Numerous research groups have been reported that 
HSPs have strong cytoprotective effect, act as molecular 
chaperones and are involved in many regulatory pathways. 
HSP27, 70 and 90 are predominantly anti-apoptotic25, whereas 
HSP60 is pro-apoptotic in nature26. It has been shown that 
HSPs inhibit key steps in an apoptotic cascade and maintain 
physiological homeostasis which is necessary for cell survival 
during exposure to environmental stress conditions15,22,27. The 
apoptotic signals (e.g. Fas ligand and tumor necrosis) stimulate 
caspases and transform pro-caspases (e.g. procaspase-3, 8 and 
9) in to active caspases. The cleaved apoptotic substrates alters 
significant	cellular	processes	and	morphology	 leading	 to	cell	
death28-29. 

Recent reports demonstrate that rats with increased Tc 
experience hepatic injury30-31. In the present report we study the 
effect of moderate and severe HS on liver pathophysiology. To 
accomplish this objective, rats were exposed to HS followed 
by measurement of physiological and biochemical parameters. 
In addition, expression level of HSPs and caspases were 
also analysed along with histological examination of liver 
parenchymal sections. 

2. MATERIALS AND METHODS
2.1  Experimental Animals and Housing Condition 

for Rats 
Sprague dawley rats with average body weight 250 gm - 

300 gm were used from the animal house, DIPAS. Rats were 
maintained in a temperature-controlled room (Ta = 23 ± 2 °C 
and RH 55 ± 5 %) on a 12/12 h light/dark cycle with food and 
water available ad libitum. 

2.2 Experimental Design and Stress Exposure of 
Rats in Heat Simulation Chamber 
Experimental design and heat exposure of conscious rats 

were in accordance to Institutional Animal Ethical Committee 
(IAEC/DIPAS/2015-17). Tissue samples from Chauhan32, et 
al. were utilised to study the effect of hyperthermia on liver 
structure and functions. In brief, a total of 18 animal were 
randomly assigned to the following three group with six rat in 
each	group	(N	=	6).	The	first	group	was	exposed	to	Ta = 25 ± 2 
°C and RH = 30 ± 5 per cent in heat simulation chamber for 50 
- 60 min which served as the control group. The second group 
was exposed to Ta = 45 ± 0.1 °C with RH = 30 ± 5 per cent 
till Tc reached 40 °C33-34 this served as MHS group. Similarly, 
animals in third group were exposed to Ta = 45 ± 0.1 °C and 
30 ± 5 per cent RH till Tc reached 42 °C and were called SHS 
group. 

2.3  Measurement of Physiological Parameters
The major physiological parameter viz. non-invasive 

blood pressure, HR, Tc and skin temperature (Ts) were measured 
as per32,35 all parameters were continuously monitored on a 
digital display using Lab chart 7 software (AD Instruments). 

2.4  Surgery and Sample Collection
All surgical procedure of heat exposed and unexposed 

control rats were performed under anesthesia with an intra-
peritoneal dose of 80 mg/kg ketamine and 5 mg/kg xylazine. 
Rats	 were	 sacrificed,	 blood	 (further	 processed	 for	 plasma	
isolation) and tissue samples were collected followed by snap 
freezing in liquid nitrogen and stored at - 80 °C for further 
biochemical and molecular studies. 

2.5  Histological Analysis of Rat Liver Tissue
The liver sample of all three group was used to examine 

morphological changes with perfusion in saline (0.9 % NaCl). 
For histological examination, dissected tissues were immersed 
in 10 per cent formalin solution for 10 h followed by immersion 
in 70 per cent, 90 per cent, and 100 per cent ethanol for 30 
min	 each	 time.	 The	 tissue	 was	 finally	 immersed	 in	 xylene	
for	20	min	and	embedded	in	paraffin	at	58	°C	for	microtome	
sectioning	 (5	 –	 15	μm).	 Sections	were	floated	 in	water	 bath	
at 56 °C and mounted onto gelatin coated histological slides 
for hematoxylin and eosin (HE) staining. HE staining was 
performed as per standard protocol36. 

2.6  SDS-PAGE and Immuno-Blotting
For tissue lysate preparation, 100 mg of rat liver was 

homogenised in 1 ml of PBS containing proteases and 
phosphatases inhibitor cocktail. Protein estimation of tissue 
lysate was performed by Bradford method and further used for 
biochemical and molecular analysis. Equal amount of protein 
from each sample was loaded and resolved on a vertical 10 cm 
x 8 cm SDS-polyacrylamide gel at a constant potential gradient 
of 100 V for 1 - 2 h. Proteins were transferred to Polyvinylidene 
difluoride	(PVDF,	0.45	micron)	membrane	by	semi-dry	method	
at constant volt (11V). Immuno detection was performed by 
blocking the blots with 5 per cent BSA for 1 h at RT followed 
by incubation with primary antibody for overnight at 4 °C. The 
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blots were then washed three time with TBST and once with 
TBS before incubating with AP conjugated secondary antibody 
for 2 h at RT and again washed as above. Finally, the blots were 
developed with AP substrate {(5-Bromo-4-Chloro-3-Indolyl 
Phosphate (BCIP) and Nitro Blue Tetrazolium (NBT)}.

2.7 Liver Function Test 
A total of nine parameters were assessed in rat liver 

tissue lysate and plasma as per manufacturer’s instructions. In 
brief, ALT and AST were estimated by mixing reagent with 
samples in a ratio of 10:1 then absorbance was measured at 
various interval of 1 min, 2 min, and 3 min (Randox, Cat 
No. AL1205 and AS1204) at 340 nm. ALP was estimated by 
mixing reagent with samples in a ratio of 50:1 followed by 
measurement of absorbance at similar interval (Randox, Cat 
No. AP311) and wavelength. For the estimation of LDH and 
Urea samples were mixed with reagents in a ratio of 1:25 and 
100 respectively, then absorbance was measured at different 
intervals of 0.5 min, 1 min, 2 min, and 3 min (Randox, Cat 
No. LD401 and UR221) at 340 nm. Glucose and albumin 
were estimated by mixing reagents with desired samples in 
ratio of 100 and 300:1 respectively; the mixture was incubated 
for 25 min then absorbance was measured (Randox, Cat No. 
GL2614 and AB362) at 500 mm and 630 nm, respectively. For 
measurement of direct and total bilirubin samples were mixed 
with reagents in a ratio of 1:25 followed by incubation for 5 
min (Randox, Cat No. BR2361 and BR2362) then absorbance 
was measured at 546 nm. 

2.8 Measurement of Oxidative Stress Markers
2.8.1 Reactive Oxygen Species

For the estimation of ROS, 25 µl of sample was diluted 
in	 1.494	ml	 of	 PBS	 followed	 by	 addition	 of	 6	 μl	Dichloro-
dihydro-fluorescein	 diacetate	 (DCFHDA,	 1.25	 mM).	 The	
reaction mix was then incubated for 15 min at 37 °C in dark. 
The	fluorescence	was	measured	at	485	nm	Excitation	and	530	
nm Emission37-38. 

2.8.2 Lipid Peroxidation
To measure lipid peroxidation i.e of MDA levels, 150 

μl	 of	 20	 per	 cent	Trichloroacetic	 acid	 (TCA)	 and	 150	 μl	 of	
0.67 per cent 2-Thiobarbituric acid (TBA) was added to 50 
μl	of	samples	and	incubated	at	85	°C	for	45	min.	The	samples	
were	 then	 centrifuged	 at	 2000	 rpm	 for	 5	min	 and	 200	μl	 of	
supernatant was used for measuring absorbance at 531 nm23. 

2.8.3 Protein Oxidation
0.5 ml 10 mM 2,4-Dinitrophenylhydrazine (DNPH) in 2 

M hydrochloric acid (HCl) was added to 0.5 ml of sample and 
the mixture was incubated for 1 h at RT, with vortexing every 
15 min. 0.5 ml 20 per cent of TCA was then added followed 
by centrifugation at 11,000 g. The pellet obtained was washed 
thrice with 1 ml ethanol-ethyl acetate (1:1) to remove free 
reagent	and	was	solubilised	in	400	μl	of	6	M	guanidine.	The	
sample blank was incubated with 2 M HCl without DNPH. 
Protein oxidation estimated by spectrophotometer measurement 
of hydrozones generated by reaction of DNP (Dinitrophenyl) 
with protein carbonyl group at 366 nm39-40.

2.8.4 Measurement of GSSH::GSH Ratio
All reagents, samples and standards were prepared as 

per manufactures instructions using kit (Abnova, Cat No.: 
KA3779).	50	μl	samples	were	used	for	estimation	of	GSH	and	
GSSG	and	fluorescence	was	measured	at	Ex/Em	=	490/520	nm	
in	a	fluorescence	plate	reader.

2.8.5 Nitric Oxide Estimation 
To	measure	production	of	NO,	100	μl	of	griess	 reagent	

was	added	to	100	μl	sample as well as in standards (NaNO2; 
1-20 mM) and was incubated for 15 min at RT. Absorbance 
was measured at 540 nm. The result was calculated as µmole/g 
protein and expressed as percentage change with respect to 
control group.

2.9  Statistical Analysis
Data were statistically evaluated by one-way analysis 

of variance (ANOVA), using GraphPad Prism (Version 
5.0) software. Bonferroni’s multiple comparison tests were 
performed	 when	ANOVA	 was	 significant.	 The	 values	 were	
presented as the mean ± SEM of six animals and the level of 
significance	was	set	at	P	≤	0.05.

3. RESULTS AND DISCUSSION
Since exposure to SHS leads to MOD which includes 

liver injury, we investigated the effect of HS on liver structure 
and functions in experimental animals.

3.1 Measurement of Physiological Parameters 
Physiological parameters measured include Tc, Ts, HR 

and MAP. As described earlier, rats were exposed to MHS in 
which Tc reached 40 °C in 15 - 20 min and to SHS in which Tc 
reached 42 °C within 30 - 40 min. In both forms of stress, HR 
along with MAP rises with increase in Tc but MAP drops in 
SHS as compared to rats exposed to MHS32. Elevated MAP as 
observed during exposure to MHS is associated with promotion 
of vascular injury which ultimately leads to multi organ failure. 
In	contrast,	low	blood	flow	was	observed	in	vital	organs	due	to	
decreased MAP on exposure to SHS condition33,41. As discussed 
in	 previous	 reports	HS	 alters	 blood	flow	distribution	 toward	
cutaneous	 circulation	with	 decreased	flow	 in	 splanchnic	 and	
renal area resulting from vasoconstriction42. In view of the 
above, our observations suggest that animals exposed to both 
MHS and SHS are under stress and at risk of MOD43-44. We 
next examined liver functions in rats exposed to MHS and SHS 
state. 

3.2 Liver Enzyme Levels were Increased But 
Glucose Level was Decreased Under HS
Extracted plasma and tissue lysate were used to determine 

LFT parameters in MHS and SHS rats as compared to control. 
Plasma samples (2 - 10 µl) were used for determination of each 
LFT parameter. Plasma levels of ALT (Pp ≤	0.01

MHS, 0.01SHS, 
Fig. 1(A)), AST (Pp ≤	0.01

SHS, Fig. 1(C)), ALP (Pp ≤	0.05
MHS, 

0.01SHS, Fig. 1(E)), LDH (Pp ≤	 0.05
MHS, 0.05SHS, Fig. 1(K)), 

Urea (Pp ≤	0.01
SHS, Fig. 1(G)), total bilirubin (Pp ≤	0.05

SHS, Fig. 
1(O)) and direct bilirubin (Pp ≤	 0.05

SHS, Fig. 1(Q)) were all 
significantly	elevated	in	rats	exposed	to	either	MHS	or	SHS.	
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Figure 1. Measurement of LFT parameters in rat plasma and liver tissue lysate on exposure to MHS and SHS compared with 
unexposed control. ALT in plasma (A) and in tissue (B); AST in plasma (C) and in tissue (D); ALP in plasma (E) and in 
tissue (F); Urea in plasma (G) and in tissue (H); Glucose in plasma (I) and in tissue (J); LDH in plasma (K) and in tissue 
(L) Values are represented in mean ± SEM (N=6). * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001 for plasma and tissue samples; 
unit of concentration of respective LFT parameter is shown (in U/L or mg/dl). All parameters were examined using Randox 
kits and protocols were followed as per manufacturer’s manual.
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Figure 1. Measurement of LFT parameters in rat plasma and liver tissue lysate on exposure to MHS and SHS compared with 
unexposed control. Albumin in plasma (M) and in tissue (N); Total bilirubin in plasma (O) and in tissue (P); Direct bilirubin 
in plasma (Q) and in tissue (R). Values are represented in mean ± SEM (N=6). * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001 for 
plasma and tissue samples; unit of concentration of respective LFT parameter is shown (in U/L or mg/dl). All parameters 
were examined using Randox kits and protocols were followed as per manufacturer’s manual.

However, glucose levels were found to be decreased (Pp ≤	0.05	
MHS, 0.01SHS, Fig. 1I) under similar conditions in rat plasma 
samples	(Fig.	1).	To	confirm	that	the	alterations	in	parameters	
as indicated above were due to alterations in liver function 
and not due to interference from other organ(s), we further 
measured all the above parameters in liver tissue homogenate 
(working protein concentration 25 mg/ml). Similar results were 
observed in tissue lysate as compared with plasma samples. In 
the tissue homogenate levels of ALT (Pt ≤	0.001

MHS, 0.05SHS, 
Fig. 1(B)), AST (Pt ≤	0.001

MHS, 0.05SHS, Fig. 1(D)), ALP (Pt ≤	
0.05MHS, 0.05SHS, Fig. 1(F)), LDH (Pt ≤	0.05

SHS, Fig. 1(L)), Urea 
(Pt ≤	0.01

MHS, 0.05SHS, Fig. 1(H)), total bilirubin (Pt ≤	0.01
MHS, 

0.01SHS, Fig. 1(P)) and direct bilirubin (Pt ≤	0.001
MHS, 0.001SHS, 

Fig.	1(R))	were	significantly	elevated	in	rats	exposed	to	either	
MHS or SHS and glucose levels (Pt ≤	0.01

SHS, Fig. 1(J)) were 
also decreased. Albumin was also found to be increased with 
similar pattern in tissue (Pt ≤	0.05

SHS, Fig. 1(N)) and plasma (Pp 
≤	0.05SHS, Fig. 1(M)).

ALT, AST, ALP, and LDH are synthesised by several 
organs including the liver. Thus, increased levels of these 
enzymes in plasma along with tissue suggest liver damage 
with cholestatic pattern of biliary pathology in rats exposed to 
MHS and SHS. Since ALP is a membrane bound enzyme, it 
functions as marker for cellular membrane damage in animals 

exposed to HS. Elevated level of ALP also indicated inhibition 
of bile excretion of liver45. More than 1.5 time increased ratio 
of AST:ALT (De Ritis ratio) suggests presence of extra hepatic 
obstruction in liver. Bilirubin, a by-product of haemoglobin 
breakdown was also found to be increased in HS that suggests 
increased haemolysis as well as obstruction of hepatocytes 
and biliary tree function19,46. All these symptoms indicate 
that there is severe cholestasis in liver due to HS18. Albumin 
is primarily synthesised in liver and found to be increased in 
hyper-albuminemia state which are involved in dehydration 
and hyper-osmotic pressure47. In this condition transportation 
of various bio-molecules to destined tissues are drastically 
affected. This indicates that during HS the osmoregulatory 
system of organ is disrupted19. Recent reports have suggested 
that HS modulates glucose metabolism by lowering energy 
status of the cell. We also observed decreased level of glucose 
(Figs. 1 (I) and (J)) in plasma and liver tissue exposed to HS 
also suggest alteration in carbohydrate metabolism48. Previous 
investigations have recommended that lactate metabolism 
is upregulated but at the same time glucose levels were also 
decreased49. Our data also suggest the same that LDH is 
upregulated and glucose levels were decreased on exposure 
to MHS and SHS rats. Specifically,	increased	levels	of	above	
LFT parameter of plasma are comparable with increasing Tc. 
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Figure 2.  Analysis of oxidative stress markers in liver tissue lysate exposed to HS (A) ROS level (B) Protein oxidation level (C) 
Ratio of GSSG/GSH (D) NO level (E) Lipid peroxidation (MDA production) level. Values are represented in mean ± SEM 
(N=6). * Pt ≤ 0.05, ** Pt ≤ 0.01, *** Pt ≤ 0.001; where unit of concentration of respective oxidative stress parameter shown 
in graph was normalised with respect to protein concentration for each sample. 

The possible explanation for this could be that these markers 
are also secreted from other organs apart from liver.

3.3 Redox Imbalance in Rat Liver Tissue Exposed 
to HS 
A complex antioxidant system is present in mammals to 

protect cells from ROS that are produced both under normal as 
well as during exposure to stress conditions50. ROS is generated 
as a by-product of oxygen metabolism which is upregulated 
in animals on exposure to HS21,50. Previous investigators have 
also shown that NO level alters in animals exposed to stress 
conditions51. We observed high level of ROS (Pt ≤	0.001

MHS, 
0.001SHS, Fig. 2(A)) and NO (Pt ≤	0.05

MHS, 0.001SHS, Fig. 2(D)) 
in MHS and SHS tissue as compared to control. In addition 
to the above data we also found increased lipid peroxidation 
(MDA production Pt ≤	0.01

MHS, 0.001SHS, Fig. 2(E) and protein 
oxidation (Pt ≤	 0.01

MHS, 0.01SHS, Fig. 2(B)) with rise in Tc. 
Recently, investigators have reported that protein synthesis is 
affected by increased lipid peroxidation and protein oxidation 
was also shown to be higher in animals exposed to HS50,52-53. 
In previous reports it has been shown that during HS, level 
of glutathione decreases and glutathione disulphide increases 
in animal tissue24,50. In our investigation we measured level 
of both GSH and GSSG and it was observed that GSH goes 
down while GSSG goes up upon exposure to HS. Next, we 
calculated the ratio of GSSG:GSH which is upregulated (Pt 
≤	0.05SHS, Fig. 2(C)) with rise in Tc, suggesting that there is 

a decrease in potential to combat oxidative stress during HS. 
Excess production of ROS, RNS, lipid peroxidation and protein 
oxidation upon exposure to HS promotes cellular degeneration 
and cell death leading to liver injury in rats54 as shown in Fig. 
2.

3.4 Heat Induced Increased Expression of HSPs 
and Caspases in Tissue Lysate
HSPs are major players in the regulation of proteostasis 

and signal transduction pathways during exposure to numerous 
stress conditions. On exposure to HS expression of HSPs and 
HSF1 were found to be altered in liver. The protein expression 
data	 showed	 significantly	 increased	 levels	 of	 HSP70	 (Pt ≤	
0.05MHS, 0.05SHS, Figs. 3(A) and 3(B)), HSP90 (Pt≤	 0.05

MHS, 
0.05SHS, Figs. 3(A) and 3(C)), HSP105 (Pt ≤	0.01

MHS, 0.01SHS, 
Figs. 3(A) and 3(D)) and heat shock factor HSF1 (Pt ≤	0.01

MHS, 
Figs. 3(A) and 3(E)) in MHS and SHS rats. Apoptotic marker 
caspase 3 (Pt ≤	 0.05

MHS, 0.05SHS, Figs. 4(A) and 4(B)) and 
Caspase 9 (Pt ≤	 0.05

MHS, 0.05SHS, Figs. 4(A) and 4(C)) also 
showed upregulation in MHS and SHS liver tissue. HSPs are 
known to play a cytoprotective role in cells and tissues exposed 
to various chemical and environmental stressors55. Reports 
suggest that HSF1 is essentially required for activation of these 
HSPs56-57 which further interact with many cellular proteins 
including cysteine proteases. Caspases are cysteine proteases 
which interact with HSPs and participates in various stress 
conditions21,27,28. During exposure to HS interplay between 
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Figure 3:  Effect of heat exposure on HSP expression in liver tissue lysate by western blotting and immuno-detection. In brief, frozen 
liver tissue was homogenised in RIPA buffer containing proteases and phosphatases inhibitors; a total 60 µg protein was 
resolved on 8-10% SDS-PAGE and run as per standard protocol for 1-2 h at constant volt. Proteins were transferred on 
PVDF membrane; blots were first probed with antibody of respective proteins and developed with alkaline phosphatase-
conjugated anti-rabbit IgG and alkaline phosphatase substrates (BCIP and NBT). Representative data are shown as (A) 
Protein expression of HSP70, HSP90, HSP105, HSF1 and GAPDH as protein bands. Ratio of intensity of (B) HSP70 
expression (C) HSP90 expression (D) HSP105 expression and (E) HSF1 expression. Analysis of densitometry scans was 
carried out using ImageJ software with results from triplicate independent experiments for N = 6 in each condition, average 
data are shown in SD. Results were normalized to 100 for unexposed control. GAPDH was used as loading control. Bars 
are the mean ± SEM of six animals per group. * Pt ≤ 0.05** Pt ≤ 0.01, *** Pt ≤ 0.001.
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Figure 4.  Effect of thermal stress on expression of caspases in liver tissue lysate by western blotting and immuno-detection. Sample 
preparation was performed as described in Figure 3. Representative data are shown as (A) Protein expression of caspase 3, 
caspase 9 and GAPDH as protein bands. Ratio of intensity of (B) Caspase 3 expression (C) Caspase 9 expression. Analysis 
of densitometry scans were carried out using ImageJ software with results from three independent experiments for N = 
6, average data are shown in SD. Results were normalized to 100 for unexposed control. GAPDH was used as loading 
control. Bars are the mean ± SEM of six animals per group. * Pt ≤ 0.05** Pt ≤ 0.01, *** Pt ≤ 0.001.

A B C

Figure 5.  Histological examination of liver parenchymal tissue exposed to HS by HE staining. 
The representative photomicrographs for (A) Liver parenchyma of unexposed control 
(B) MHS state (C) SHS state. Pictures were captured at 10 x magnification in NIKON 
microscope (Model E-400), represented in scale of 700 µm x 700 µm, shapes and 
arrows showing labelling as indicated above. 

increased levels of caspase 3 and caspase 9 (Fig. 4) that induce 
cell death by apoptosis and elevated levels of HSPs that provide 
cytoprotective function which determine cell fate. It has been 
observed that expression of caspases and HSPs were increased 
in MHS with respect to control due to heat stress but it was 

downregulated in SHS with respect to MHS. It was expected 
that expression of these proteins might have gone higher in 
SHS state with respect to MHS. In contrast, our results showed 
decreased expression in SHS with respect to MHS; however 
it was higher as compared to unexposed control. The possible 
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explanation for this could be heat induced altered protein 
synthesis58, redox imbalance and cell death along with higher 
Tc

52. Protein expression data shows that HSP functions as 
cytoprotective agents in MHS rats but in SHS same function 
declines and unable to sustain the integrity of proteins. The 
caspases expression data indicated that there is an activation of 
apoptotic pathway.

3.5 Histological Examination of Liver Parenchyma 
in Heat Exposed Rats
So far, the study has presented alteration in markers 

of liver functions, redox imbalance and up-regulation of 
cytoprotective proteins and caspases in heat stressed rats. 
Thus, further investigation is required to study the basic 
architecture of liver exposed to HS with respect to unexposed 
control. Liver sections were stained with HE as per standard 
protocol and observed under light microscope. The dotted line 
denotes lobular region, diamond represents central vacuole 
and concentric ring marks the privenous region as shown in  
Fig. 5. Recent studies indicated structural alteration and 
enhanced injury in liver due to various pathophysiological 
states such as alcohol induced-fatty liver disease31, heat-
induced liver damage14,30. We also observed liver damage 
in both MHS and SHS animals as compared to unexposed 
control as shown in  Fig 5. During MHS rat liver parenchyma 
shows moderate loss of liver cells, indicated (spots where 
loss of parenchyma) by arrowhead due to mild effect of HS 
as shown in Fig. 5(B). In SHS rat liver, the lobular structure 
cannot	be	identified	due	to	heavy	distortion	in	orientation	of	
hepatic lobule as shown in Fig. 5(C). Thus, morphological 
investigation indicated that SHS state parenchymal damage 
was higher than MHS animals which were unable to be 
recovered by regeneration power of liver. 

4. CONCLUSIONS
Findings from biochemical and microscopic studies 

conclude that there is severe functional and structural liver 
injury in rats exposed to HS. Results establish that oxidative 
stress in liver tissue along with LFT parameters of plasma were 
increased with rise in Tc. But, it was captivating to witness 
that this pattern was not followed in LFT of tissue as well as 
in expression level of cytoprotective and apoptotic proteins. 
Surprisingly, these constraints declined in SHS with respect 
to MHS rats but remained higher as compared to control. 
The possible reason for this could be the alteration in protein 
structure and synthesis which is not maintained due to HS and 
heat stroke (increased Ta and Tc). Results of histological study 
also	reveal	that	there	is	a	significant	loss	of	parenchymal	tissue	
with distortion in lobular orientation. Thus, increased levels 
of LFT and oxidative stress parameters is in equivalent to HE 
stained tissue sections pattern resulting perturbation in liver 
parenchyma in HS rats.
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