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ABSTRACT
In animals and humans, some physiological and biochemical adaptations could occur to protect essential
cell functions against the heat stress and to permit a rapid recovery from moderate hyperthermic damage.
However, each tissue and organ has a different sensitivity for sustaining thermal injury. Hence, the
present study was undertaken to study histological and pathological changes due to chronic heat stress on
rat’s liver. Thirty albino wistar rats weighing about 150-200gms in experimental group were kept in
increased room temperature (i.e 38±2°C) for 15 days. Halogen heater maintained room temperature.
Similarly, thirty albino wistar rats weighing about 150-200gms in control group were kept in normal
room temperature (i.e 26±5°C) for 15 days. Room temperature was maintained by air conditioner. After
15 days, rats were sacrificed by cervical dislocation, liver tissues were removed and histological slides
were prepared. This study showed various changes occur in length and breadth of rat’s hepatocyte cell
whereas it didn’t have any effect on weight of rats. This study provides evidences in support of necrosis,
inflammatory changes, irregular cell membrane, enlarged nucleus, binucleated cell, dilated hepatic
venules and dilated sinusoids of experimental group of rat’s liver in compare to control group.
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INTRODUCTION
Exposure to excessive heat adversely affects on
associated with an enhanced heat island effect.
health and known as heat stress. This
The incidence of heat-related morbidity, such as
Colloquialism is a source of confusion because in
heat stroke in aged persons, has been increased
the scientific literature "heat stress" is
because of exposure to extremely hot
synonymous with "heat load," which carries the
temperatures in summer. Heat stroke is caused by
connotation that adverse health effects will occur
severe hyperthermia, and rectal temperatures of
only if the heat stress exceeds the person's heat
typical patients are higher than 40°C. Many
[1]
tolerance capacity . At lower levels of heat stress
organs such as liver, kidney and central nervous
there is no risk of health damage, to be even
system (CNS) are damaged by severe
though a person may feel discomfort. ldeally, it
hyperthermia [5, 6]. Thrombus, infarct, and death
would be desirable eliminate heat stress
from heat stroke may be caused by injury of these
completely by keeping the work place at a
organs. In animals and humans, some
comfortable temperature because the state of
physiological and biochemical adaptations could
discomfort has many adverse behavioral effects,
occur to protect essential cell functions against the
such as reduced work rate, increased irritability,
heat stress and to permit a rapid recovery from
carelessness, and a feeling of fatigue [2]. These
moderate hyperthermic damage [7,8,9,10]. However,
effects may render a worker more prone to
each tissue and organ has a different sensitivity
accidental injuries. Unfortunately, the cost of
for sustaining thermal injury. Hence the present
keeping all job sites at comfortable temperature is
study was undertaken to study histological and
not possible.
pathological changes due to chronic heat stress on
Typical hyperthermia sometimes occurs during
rat’s liver.
severe heat waves in summer and because of hard
MATERIALS AND METHODS
exercise throughout the world [3,4]. In some
Animal handling
temperate large cities, extreme heat stress is
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A total 60 rats were included in this study. Out of
which control group consisted of thirty rats
(Group-A) and experimental group consisted of
another thirty rats (Group-B). Control and
Experimental group were included adult albino
wistar male and female rats (n = 60) weighing
150-250gms. Animals were produced in the
laboratory- breeding house of the Department of
Human Anatomy. The control group of rats were
maintained under controlled room temperature (26
± 5°C) and light and dark (24:24 hr) conditions
and were given mixed diet to be fed ad libitum
with equal amount of water and light supply. The
experimental groups of rats were maintained
under increased room temperature (38±2°C) and
light conditions and were given mixed diet to be
fed ad libitium with equal amount of water. On
day 15, experimental and control group of rats
were sacrificed by cervical dislocation. Liver was
removed and preserved in the formalin. Further, it
was processed for section cutting and staining by
Haematoxyllin and Eosin method.
Tissue Preparation
The rat’s liver was dissected by cutting on the
ventral side. 2 – 3 mm. of the liver tissue was
kept in neutral buffered formalin (10%
formaldehyde in Phosphate buffered saline) over
24 hours. After fixation, tissues was placed in
70% ethyl alcohol for 1 hour and then in each
ascending strength (80%, 90%, 100% ethyl
alcohol) for 1 hour each. The amount of alcohol
used was 15 times greater than the size of the
tissue. Then, the tissue was kept in acetone for a
period of 1 – 2 h with periodical shaking. After
removing the acetone, xylene was added to check
for the milky appearance. Then, the dehydrated
tissue was kept in paraffin wax (m.p. = 50˚C) for a
period of 1h at 58° – 60°C.Then, the tissue was
poured in the molten paraffin fixed in L-block and
allowed it to become hard. Then, the tissue was
sectioned into very thin (2–8 or 5 – 10
micrometer) sections using a microtome. Then,
the tissue was mounted on the slides with Mayer’s
albumin solution (a mixture of equal parts of egg
white and glycerin, beaten and filtered with the
addition of 1% sodium salicylate) and keep in
warm oven for 2 h at ˚C.Then,
60
placed slides
containing paraffin sections on a slide holder.
Haematoxyllin and Eosin Staining
Tissues from above step were deparaffinized with
Xylene was done for 20 – 30 minutes and blotted
the excess xylene.Then, the tissue was rehydrated
successively with 100%, 90%, 80% ethyl alcohol
for 2–3 min. each & kept it into water for 3
min.Then, Blotted the excess water and the tissue

was kept into Haematoxyllin stain for 3 – 5
minute. Then, tissue was removed it from
Haematoxyllin stain and then again it was kept
into tap water for 3 – 5 minute. Then, the tissue
was immersed in Eosin stain for 3-5minute. Then,
the tissue was dehydrated successively with 80%,
90%, 100% ethyl alcohol and finally it was kept
into Xylene for 5minute. Then, mounting of slides
was done by placing cover slip on the slides by
using one drop of dibutyl phthalate xylene (DPX).
Data Analysis
Collected data were entered in Microsoft- excel2007, numbering, coding was done according to
different variables after that master chart was
prepared.
SPSS version 15.0 was used to
calculation of frequency, percentage, mean and
standard deviation (SD) as well as test of
significance, P-value.
RESULTS
Effects of heat stress on experimental group of
rat’s liver
Thirty albino wistar rats weighing about 150200gms in experimental group were kept in
increased room temperature (i.e 38±2°C) for 15
days.
Halogen heater maintained room
temperature. After 15days, rats were sacrificed by
cervical dislocation, Liver tissue was removed and
it was kept in 10% formalin for 24 hours.
Histological
slides were prepared. All the
experimental group of rat’s liver slide is shown in
(Fig 1 & 3). Large sized hepatocytes cells were
seen and swollen. Sinusoids were not densely
packed. Hepatic venules were dilated. Nuclei of
hepatocytes cells were enlarged. Length and
breadth of hepatocytes cells were larger than the
control group of rat’s liver. There was whitishgrey color of masses is seen in rat’s liver. Some
pathological changes was also seen in slide due to
heat stress such as necrosis, inflammatory cell,
some eosinophils cell, some Binucleated cell,
polymorphism, some cells does not have
cytoplasm, irregular cell membrane, single to
multiple prominent nucleoli, collagen fiber,
congested blood vessels and irregular clumping of
chromatin.
Control group of rat’s liver
Thirty albino wistar rats weighing about 150200gms in control group were kept in normal
room temperature (i.e 26±5°C) for15days. Room
temperature was maintained by air conditioner.
After 15 days rats were sacrificed by cervical
dislocation. Liver tissue was removed and kept in
10% formalin for 24 hours and histological slides
were prepared. All the control groups of rat’s liver
slide are shown in (Fig 2 & 4). Small sized
540

© 2010, IJPBA. All Rights Reserved.

Subodh Kumar Yadav et al. / Experimental Study of Effects of Heat Stress on Rat’s Liver

hepatocytes cells were seen and it was not
swollen. Sinusoids were densely packed. Nuclei
of the hepatocytes cells were small. Hepatic
venule was not dilated. Length and breadth of
hepatocytes cells were smaller than experimental
group of rats. No mass was seen in control group
of rat’s liver. There were no pathological changes
seen in slide such as necrosis, inflammatory cell,
binucleated cells, polymorphism, congested blood
vessel, irregular cell membrane, collagen fiber.

Fig 4: Control group of rat’s liver slide. H&E Stain (Rat:
LM×S40/0.65)
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Fig 1: Experimental group of rat’s liver slide. H&E Stain (Rat:
LM×S40/0.65)

Fig 2: Control group of rat’s liver slide. H&E Stain (Rat:
LM×S40/0.65)

Fig 3: Experimental group of rat’s liver slide. H&E Stain (Rat:
LM×S40/0.65)

DISCUSSION
The present study demonstrates the effects of heat
stress on rat’s liver by using various experimental
models. Sixty albino wistar rats weighing about
150-200gms evaluated in this study. The outcome
of the present study demonstrates that heat stress
produced several changes in liver morphology.
This is probably the first report on this aspect on
heat stress. However, there are previous reports of
changes in the hepatocytes of rat’s liver. For
example, Heat stress produced only a small degree
of histopathologic damage in young animals,
which peaked at 12 hours and recovered at 24
hours points after heating. The overall damage
was characterized by cellular vacuolization and
sinusoidal congestion. Old animals had
widespread liver injury that became more severe
over the 24 hours post heating period. At 24 hours
there was severe hepatic damage including
sinusoidal congestion, monocyte infiltration,
hepatocellular vacuolization and widespread
necrosis. Heat stress produced only a small degree
of histopathologic damage in young animals,
which peaked at 12 hours and recovered at 24
hours points after heating. The damage was
characterized by cellular vacuolization and
sinusoidal congestion. Old animals had
widespread liver injury that became more severe
over the 24 hours post heating period. At 24 hours
there was severe hepatic damage including
sinusoidal congestion, monocyte infiltration,
hepatocellular vacuolization, and widespread
necrosis [11, 12, 13&16]. But in present study it was
found that there was densely packed sinusoids,
length and breadth of hepatocyte size was highly
significant statistically, necrosis of liver was seen.
Heat Shock Proteins (HSPS) are present in both
prokaryotic and eukaryotic cells and their high
level of conservation suggests that they play an
important role in function cell processes [14, 15,
18&20]
. HSPS were initially discovered in
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drosophilamelanogaster larvae that were exposed
to “heat stroke” and subsequent studies [23, 25].
Moreover, this condition stimulated parabrachial
nucleus causing increase respiration, Packed cell
volume
(PCV)
and
Hemoglobin
(Hb)
concentration decreased under chronic heat stress
might cause hypoxia [20,21,22,&30]. Data from
subsequent studies demonstrated that the
induction of HSPS was associated with
development of tolerance to variety of stresses,
including hypoxia, ischemia, acidosis, energy
depletion, cytokines such as tumor necrosis factor
and ultraviolet radiation [24, 25&27]. In present study
shown, there was polymorphism, irregular nuclear
membrane, irregular clumping of chromatin, some
cell showed cytoplasm vacuolization, single to
multiple prominent nucleoli, Binucleated cells and
irregular cell membrane. So, increasing core body
temperature during heat stress caused endothelial
cell damage. Fatty degeneration is the
accumulation of neutral lipids in the cytoplasm.
This is diagnostic clue for liver injury. Excess
lipids in hepatocytes indicate that sub lethal injury
has occurred. However, the swollen, yellow,
greasy, appearance of fatty degeneration is
characteristic of liver and less common in kidney
and heart. On microscopic examination, lipid
accumulation causes cells to be enlarged, pale and
lacy, especially in centrolobular zones-areas of
liver where hepatocytes are most susceptible to
oxygen [28, 29 &31]. So many cells of these organs
were largely damaged and developed cells with fat
globules or fatty degeneration [32]. In present
study, the inflammatory cells, eosinophils,
irregular nuclear membrane, and congested blood
vessels were observed. Generally, oxygen
deficiency is one of the most common causes of
tissue injury when combined with red body
temperature and hypoxia becomes a potent cause
of death. Besides, necrosis from oxygen deficient
develops in centrolobular areas of due to hypoxic
liver. In mammal, ischemic hepatic necrosis
occurs in cardiac failure, severe anemia and shock
with prolonged low circulatory rates [33, 34].
Centritubular necrosis, dissociation of hepatocytes
and congestion are often found in the liver [35, 36].
When body temperature rise above normal range,
the parenchyma of many cells usually begins to be
damaged [38]. Because previous studies specifically
focused on the effects of heat stress on age-related
mitochondrial responses, the impact of these
mitochondrial alterations on cellular death is
outside the scope of the present study. However, it
would be enlightening in future studies to
investigate the impact of heat stress on cellular

apoptotic processes in old vs. young animals.
While hyperthermic challenge has been shown to
induce apoptosis in young mice and rats [39, 40]. In
present study, whitish grey color of masses was
seen in rat’s liver. There was increased length and
breadth of hepatocyte size of liver.
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