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INTRODUCTION
Stroke is defined as; “rapidly developing clinical signs of focal or 
global disturbance of cerebral function, with symptoms lasting 24 
hours or longer or leading to death, with no apparent cause other 
than of vascular origin [1]. Stroke is the second leading cause of 
death in the world next to ischemic heart disease [2]. It is also one 
of the leading causes for disability in the world with one-third of 
the surviving stroke patients being dependent on others for their 
activities of daily living [3]. Previous studies have documented 
seasonal variations in the stroke incidence and mortality in humans 
hospitalized for stroke treatment. United States (US) health registry 
has reported an increased number of hospitalizations and deaths 
occur in hot season, which is attributed to elevated ambient 
temperatures [4]. Animal models of ischemic stroke serve as 
useful tool to study mechanisms of ischemic cerebral injury and to 
develop novel anti-ischemic or neuroprotective strategies. Better 
survival rate, satisfactory recovery from surgery and reproducible 
behavioural testing have made rodents the most preferred species 
to explore novel therapeutic strategies on stroke [5]. Conventionally 
experiments with rodent stroke models have either used permanent 
or temporary occlusion of intracranial (e.g. middle cerebral artery) 
or extracranial (e.g. vertebral basilar or common carotid arteries) 
arteries associated with hypotension or hypoxia [6]. 

Rat models with occlusion of extra cranial vessels are frequently 
used to study cerebral hypo-perfusion induced partial or global 
ischemia. Bilateral Common Carotid Artery Occlusion (BCCAO) 
Wistar rat model induces chronic cerebral hypo perfusion 
ischemic brain injury in a manner similar to what is seen in hypo-

 

perfusion of aging brain associated with vascular dementia [7]. A 
major advantage of this model is that it can be suitably modified 
to study the acute and chronic changes subsequent to ischemic 
brain injury. BCCAO rats undergo a brief period of acute ischemic 
phase followed by a phase of chronic cerebral hypo-perfusion 
which allows the investigator to explore and study new therapeutic 
strategies aimed at enhancing both the acute and chronic phase 
of stroke management [6]. 

Despite the several advantages of this BCCAO surgery model in 
rats, very few neuroscientists choose to work on this model due 
to its high (44%) and variable mortality rate [8,9]. Both in on-going 
studies as well as our earlier experiments using BCCAO model [10], 
a seasonal variability in mortality rate post-surgery was observed. 
The percentage of death in BCCAO rat model was highest during 
hot season of the year (March-May) in Manipal, Udupi District, a 
coastal town in the Southern part of India (74º53’ East, 12º55’ 
North). Bhat S et al., have also reported that the high ambient 
temperature and humidity of the hot season brings neuroendocrine 
imbalance and oxidative stress in female Wistar rats [11]. 

Commonly used anaesthetics like Ketamine–Xylazine (KT-XY), 
interferes with body’s haemodynamic and thermoregulatory 
mechanisms and can reduce the core body temp to 32.30±0.090 

C, and the effect can persist even 150 min after the induction 
of anaesthesia [12,13]. Studies have documented that rodents 
anaesthetized with KT-XY develops hypothermia postoperatively 
and is reported to be one of the frequent causes for mortality and 
morbidity following any invasive surgical procedure. Additionally 
the standard postoperative care recommended for all rat models is 
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ABSTRACT
Introduction: A popular rat model for hypoperfusion ischemic 
brain injury is bilateral common carotid artery occlusion 
(BCCAO). BCCAO surgery when performed in varying 
geographical locations and during different seasons of the year 
is reported to have variable mortality rates. Studies have also 
documented the diminishing influence of Ketamine-Xylazine 
(KT-XY) on thermoregulatory functions in rodents. 

Aim: To explore the impact of seasonal variant temper atures 
and laboratory room ambient temperatures on mortality of rats 
following BCCAO surgery.

Materials and Methods: The study has two parts:

1 The first part is an analysis of a three year retrospective data 
to explore the association between the geographical season 
(hot summer and cold winter) induced laboratory room ambi-
ent temperature variations and the mortality rate in KT-XY 
anaesthetized BCCAO rats.

2. The second part investigated the effect of conditioned lab-
oratory room ambient temperature (CAT) (23-250C) in KT-XY 
anaesthetized BCCAO group of rats. Rats were divided into 
4 groups(n =8/group) as-Normal control, BCCAO and Sham 
BCCAO where they were all exposed to unconditioned ambient 
temperature (UCAT) during their surgery and postoperative care. 
And finally fourth group rats exposed to CAT during the BCCAO 
surgery and postoperative care.

Results: Pearson’s chi-square test indicates a significantly 
high association (p<0.006) between post-BCCAO mortality and 
hot season of the year. CAT during the hot season reduced the 
mortality rate (24% less) in post- BCCAO rats compared to the 
rats of UCAT.

Conclusion: Despite seasonal variations in temperature, 
conditioning the laboratory room ambient temperatures to 230C-
250C, induces hypothermia in KT-XY anaesthetized ischemic 
brain injured rodents and improves their survival rate.
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prevention of hypothermia by increasing the ambient temperature 
of the procedure room, placement of a thermal blanket, careful and 
controlled use of incandescent or heat lamps during surgery and 
post-surgical recovery and administration of warmed subcutaneous 
or intraperitoneal fluids intra- and/or postoperatively [14,15].

No study till date has shown whether conditioning the ambient 
temperature to the desired level would reverse the post-stroke 
mortality rate and other abnormal changes in homeostasis. 
Although the benefits of maintaining a constant ambient room 
temperature is obvious, a systematic study to prove the advantages 
of the same in reducing mortality of postoperative BCCAO rats and 
other physiological variations is essential. In the present study post 
BCCAO rats were maintained in an isolated lab room without any 
air-conditioning facility to determine the role of lab room ambient 
temperature in preventing hypothermia and reducing mortality. 

Additionally, research studies have also reported that hypothermia 
is a robust neuro-protectant that consistently shows functional 
recovery from brain injuries [16].

In this study, we have evaluated the effect of seasonal variation-
induced changes in lab room ambient temperature on mortality 
rate of BCCAO rats and also explored the role of controlled lab 
room ambient temperature despite seasonal variations on survival 
of BCCAO rats. 

AIM 
1. To analyse the three year- retrospective experimental data 

of observed seasonal variation-induced lab room ambient 
temperature on the mortality rate of rats that had undergone 
BCCAO surgery and exposed to recommended standard 
postoperative care.

2. To explore the effect of conditioned ambient temperature 
despite seasonal variations in temperature contributing to 
mortality rate of rats that had undergone BCCAO surgery and 
exposed to recommended standard postoperative care.

MATERIALS AND METHODS
The experimental design of this study has two parts.

Part-1: The first part of this study is an outcome of a retrospective 
three- year data (2011-2014) analysis to explore the association 
between the geographical season-induced ambient lab room 
temperature variations and the mortality rate in 8-10-month-old 
male Wistar rats that had undergone BCCAO surgery with standard 
recommended postoperative care. The data were analysed, 
correlated and interpreted for the mortality rate of BCCAO rats 
and sham BCCAO rats with the ambient temperature variations 
induced by different geographical seasons.

These experiments were carried out in the same set of months 
every year.

1. The first set of experiments were done between the months 
of March and May, 2011-2014 in Manipal, a coastal town in 
South India, which has a hot and humid climate between the 
months of March and May {Hot Season (HS)} with average 
temperatures ranging from 33-37ºC and an average humidity 
ranging from 60-70%. 

2. The second set of experiments were conducted between June 
and February (maximally during July-August & December-
February), 2011-2014. In Manipal, humid and cool climate 
is recorded between June and February {Cold Season (CS)} 
with average temperatures ranging from 25-29ºC and an 
average humidity ranging from 80-90%. There is no distinct 
winter season in this region but southwest monsoons bring 
heavy rainfall during the months of June to September with an 
average rainfall 4136 mm/year (c/f: www.accuweather.com).

The data from the first set of experiments (March- May, 2011-
2014) were grouped together. They were further sub-classified 

as HS-BCCAO group of rats (n=37) and HS-sham BCCAO group 
of rats (n=35). During HS these rats underwent either BCCAO 
surgery or sham BCCAO surgery (surgical procedure same as 
that of BCCAO, except for carotid artery occlusion). The average 
experimental laboratory room ambient temperature during HS 
ranged from 33-36°C which was slightly less than the outside 
atmospheric temperature. Likewise, the average humidity of the 
room matched with that of the outside atmospheric air and was 
found to range from 60-70%.

The data from the second set of experiments (June-February, 
2011-2014) were grouped together and were further sub-classified 
as CS-BCCAO group of rats (n=39) which underwent BCCAO and 
CS- Sham BCCAO group of rats (n=28) underwent Sham BCCAO 
surgery during CS. The average experimental laboratory room 
ambient temperature during CS ranged from 26-27°C which was 
slightly more than the outside atmospheric temperature and the 
average humidity of the room matched with that of the atmosphere 
and was found to range from 80-90%.

Part-2: The second part of the study was planned and executed 
between March and May, 2014. This study was done to further 
investigate the observations recorded during part-1 experimental 
findings. Ten months-old male Wistar rats were divided into four 
groups (n =8/group) as:

•	 NC	 =	 Normal	 control	 Wistar	 rats	 reared	 in	 unconditioned	
ambient temperature. 

•	 UCAT-BCCAO	=	Wistar	rats,	reared	in	unconditioned	ambient	
temperature (UCAT), were subjected to BCCAO surgery 
and postoperative care was given for 32 days in the same 
environment.

•	 CAT-BCCAO	 =	 Conditioned	 ambient	 temperature	 (CAT)	
BCCAO group-Conditioned ambient temperature (23-250C) 
was provided in an air-conditioned facility during the BCCAO 
surgery and postoperative period for 32 days. 

•	 Sham	 BCCAO	 =	 Rats	 were	 reared	 and	 subjected	 to	 sham	
BCCAO surgical procedure and maintained postoperatively 
for 32 days in UCAT.

Standard food pellets and water was provided ad libitum to all 
animals throughout the study. Standard hygienic conditions were 
maintained in the animal facility and the rats were exposed to 
proper light and dark cycle. This study was approved by Institutional 
Animal Ethical committee of KMC, Manipal (IAEC/KMC/66/2010-
2011) and carried out as per the Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA), 
India, guidelines.

Bilateral Common Carotid Artery Occlusion Surgery 
Induced Brain Injury
Preoperatively the Wistar rats were starved without food for 12 hour 
and water was allowed ad-libitum. Chronic cerebral hypoperfusion 
ischemic brain injury was induced in Wistar rats as described 
below. Atropine (130 mg/Kg Bodywt IP) and gentamycin (4.4 mg/
Kg body weight) were administered as pre-anaesthetic medication 
and the rats were anaesthetized with ketamine (50mg/kg body 
weight IP) and xylazine (5mg/kg body weight IP) cocktail. Midline 
incision was made extending between mandible and manubrium 
sterni. Skin and superficial fascia were cleared and retracted using 
blunt forceps. Common carotid arteries on the both sides were 
identified and gently separated from vagus nerve using a glass 
rod. The carotid arteries were double ligated with silk suture just 
before the carotid bifurcation and all the tissues were closed in the 
layers. Sham BCCAO surgery was similar to the actual BCCAO 
surgery with the exception of carotid artery occlusion. Post-
surgery, all the rats were injected with 2 ml (IP) of dextrose normal 
saline to prevent dehydration and hypoglycaemia [10]. Appropriate 
standard postoperative care (infrared lamp to prevent hypothermia) 
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was provided along with proper surgical dressing using betadine 
solution (Povidone ointment USP). During the 15 days of recovery, 
the rats were maintained on a special platform designed to allow 
easy accesses to food and water [14]. 

STATISTICAL ANALYSIS 
Data obtained on mortality-rate of Wistar rats from the three-year 
retrospective study was analysed using SPSS v16. The relation 
between the mortality rates of rats that underwent BCCAO 
surgeries during different seasons (HS-BCCAO Vs CS-BCCAO) 
were analysed using Pearson’s Chi-square test. Similarly the 
mortality rate in the group of rats that had undergone BCCAO 
surgery compared with sham BCCAO group of rats during both 
seasons were analysed by using the same Pearson’s Chi-square 
tests. The p≤0.05 was considered as statistically significant. The 
mortality rate between the four groups in the second part of the 
experiments were compared and reported in percentage.

RESULTS
Analysis of mortality-rate among Wistar rats from the three-year 
retrospective study indicates that the mortality rate of Wistar rats 
following BCCAO surgery ranged between 13.5 - 60% which is 
shown in [Table/Fig-1].

[Table/Fig-1]: Post-BCCAO mortality rate of Wistar rats during HS (March-May, 
2011-2014) and CS (June-February, 2011-2014). BCCAO- Bilateral common carotid 
artery occlusion; HS- Hot season; CS- Cold season

On categorizing the results in terms of season and statistically 
analysed a significantly higher mortality rate {χ²= 8.65, df =1; 2 
sided p < 0.006} was observed in HS-BCCAO rat groups when 
compared to CS-BCCAO rat groups as shown in [Table/Fig-2]. 
Majority of rats that died subsequent to BCCAO surgery during 
HS consistently had episodes of severe epileptic seizures and 
respiratory distress before their death. Very few HS-BCCAO rats, 
that suffered seizures, recovered fully and survived BCCAO surgery. 
Surprisingly the mortality rate of the two groups of Sham BCCAO 
rats during the varying seasons did not show any significance 
{χ² =0.69, df=1; 2 sided p<0.62} as shown in [Table/Fig-2]. In 
addition, a significant association was observed between mortality 

rate during HS {χ² =13.56, df=1; 2 sided p <0.0001} and BCCAO 
rats compared with sham BCCAO. But there was no significant 
association between mortality rate during CS {χ² =2.75, df=1; 2 
sided p <0.225} and BCCAO rats compared with sham BCCAO 
as shown in [Table/Fig-2].

Alternately, the mortality rates of UCAT-BCCAO and CAT-BCCAO 
in part-2 experiments are 37% and 13% respectively. None of the 
rats died (0%) in the sham BCCAO group. Though there is no 
significant difference statistically in the mortality rate between rats 
from UCAT-BCCAO and CAT-BCCAO groups, there is a definite 
trend in reduction of mortality rate (24% less) in CAT-BCCAO 
compared to UCAT-BCCAO group of rats as shown in [Table/
Fig-3].

DISCUSSION
The results of the three-year retrospective study on BCCAO 
surgery indicate that there is a significantly high and variable 
mortality rate in Wistar rats subsequent to the surgery. Moreover, 
the survival rate of rats that have undergone BCCAO surgery 
during CS is relatively better compared to the same during HS. 
Analysis of data on this study related to outcome of BCCAO and 
Sham BCCAO surgery during HS indicates that the high mortality 
rate in BCCAO rats could be due to accentuation of acute phase 
of neuronal injury by unconditioned hot ambient temperature. A 
similar phenomenon is also reported in a United States human 
epidemiological study, showing a significant increase in the 
mortality rate in patients hospitalized for their pre-existing illness 
(Cardiovascular, respiratory, and/or cerebrovascular diseases) 
during hot summer seasons and elevated ambient temperature 
[17,18]. The temperature variations in stroke rats have shown to 
critically influence the neuro-pathological outcome [19]. Surprisingly 
in our study, 84% of rats that underwent Sham-BCCAO surgery 
survived since any variation in ambient temperature do not affect 
normal neural cells in these rats. Hence, there was no significant 
difference in the survival rate among these groups of rats during 
different seasons of the year. 

In the second part of the experiment, BCCAO group of rats that 
underwent surgery and postoperative care in conditioned ambient 

Groups

hot Season Cold Season 

Surviving rats  
n(%)

Dead rats
n(%)

Total rats
n(%)

Surviving rats  
n(%)

Dead rats
n(%)

Total rats
n(%)

Post BCCao 20 (54.1%) 17 (45.9%) 37 (100%) 33 (84.6%) 6 (15.4%)* 39 (100%)

Post Sham BCCao 32 (91.4%) 3# (8.6%) 35 (100%) 27 (96.4%) 1 (3.6%)@,,$ 28 (100%)

[Table/Fig-2]: Retrospective analysis of mortality rate in post BCCAO Wistar rats and post sham-BCCAO rats during hot and cold seasons of 2011-2014 in Manipal.
*Fisher exact test 2 sided p<0.006. Post stroke mortality rate of HS BCCAO compared with CS BCCAO. 
@Fisher exact test 2 sided p<0.622. Post stroke mortality rate of HS sham-BCCAO compared with CS sham-BCCAO.
#Fisher exact test 2 sided p<0.001. Post stroke mortality rate of HS BCCAO compared with HS sham-BCCAO.
$Fisher exact test 2 sided p<0.225. Post stroke mortality rate of CS BCCAO compared with CS sham-BCCAO. 
BCCAO- Bilateral common carotid artery occlusion; HS-Hot season (March-May,2011-2014); CS- Cold season (June-February, 2011-2014).

[Table/Fig-3]: Comparison of mortality rate of rats under CAT and UCAT during HS 
(March-May 2014). BCCAO- Bilateral common carotid artery occlusion; HS- Hot 
season; CAT – conditioned ambient temperature; UCAT – unconditioned ambient 
temperature
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temperatures (23-250C) showed better survival rate compared to 
the UCAT-BCCAO group of rats during the hot humid months of 
March- May despite use of recommended standard postoperative 
care of exposing post BCCAO rats to infrared lamp. Hypothermia 
induced by both KT-XY anaesthesia as well as conditioned 
cold ambient temperature during the acute phase of ischemic 
brain injury possibly synergistically attributes to the improved 
survival rate in CAT-BCCAO rats post-surgery. It has been well 
documented that use of KT-XY can interfere with thermoregulatory 
mechanisms and can result in postoperative hypothermia following 
any surgical procedure in rodents [20]. The hypothermia in rats 
in our experiments was also achieved by exposing the animal to 
low ambient temperatures maintained between (23-250C) using an 
air conditioning facility during the intra-ischemic (during BCCAO 
surgery) and post-ischemic periods. 

A recent study has shown that the synergetic neuro-protective 
effect of allopregnanolone and other GABA-A receptor agonists 
with hypothermia in stroke rats are predominately due to 
spontaneously evolving postoperative hypothermia in brain injured 
rats when No attempts were made to maintain the rats core body 
temperature with any other external measures [21]. Extensive 
research on the effects of rat body temperature modulation 
clearly reveal that when compared to normo-thermic rats, the 
rats exposed to hyperthermia (rats subjected to experimental 
temperature modulation so that brain temperature is equilibrated 
38-400C) particularly during the intra-ischemic and post ischemic 
period exhibited increased histopathological damage and a greater 
mortality in the first 24 hours [19]. Previous studied have reported 
post-ischemic hyperthermia aggravates oxidative stress, glutamate 
excitotoxicity, leucocyte infiltration and disruption of blood 
brain barrier in ischemic brain injured rats [22-24]. Experimental 
research on rats have documented that ischemic brain injured 
rats with intra-ischemic hyperthermia (39°C) have greater damage 
to CA1 hippocampal neurons and exhibit higher mortality at 24 
hours compared to the rats exposed to normal temperature [19]. 
Earlier studies from our lab by Bhat S et al., also have shown us 
that unconditioned ambient temperature and humidity during hot 
weather season can increase plasma cortisol levels and oxidative 
stress in rats [11]. Harmon et al., have reported a reduction in 
antioxidant activity of plasma in mid lactating cows when they are 
exposed to chamber temperatures of 29.5ºC [25]. 

Studies done on pilots who were exposed to extremes of 
temperature have shown enhanced lipid peroxidation and dec-
reased antioxidant ability in human erythrocytes [26]. Following 
deprivation of blood supply, the injured ischemic brain exhibits 
three zones, (i) the central ischemic core zone, (ii) the surrounding 
ischemic penumbra zone and (iii) the external zone of normal 
tissue. In the central infarct region the neurons are dead and 
necrosed, whereas the ischemic penumbra shows isoelectric 
electroencephalogram but morphologically normal neurons. The 
ischemic penumbra is also a frequent site for apoptosis and 
delayed neuronal cell death. Studies have shown that hyperthermia 
enhances the chances of penumbra region going in for a frank 
infarction. Hyperthermia accelerates the evolution of ischemic 
necrosis in both cerebral cortex and striatum [27]. 

Research over the past decade has shown controlled hypothermia 
to be an effective neuro-protective strategy and its protective effects 
are attributed to its ability to cause a reduction in the metabolic 
demands and to minimize the oxidative stress and acidosis of 
the hypo-perfused regions of the brain [28-32]. Previous studies 
have shown that inducing intra-ischemic and post-ischemic 
hypothermia can minimize glutamate excitotoxity and reduces the 
release of dopamine by 60% thus reducing neuronal injury [33]. 
Research on neonatal rat models of severe hypoxic ischemic 
encephalopathy showed that post-ischemic hypothermia with a 
target temperature of 33°C or less decreased infarct volume and 

improved sensorimotor functions [34]. In the present study too we 
found that the mortality rate post-BCCAO surgery was significantly 
low in the CS-BCCAO group of rats when compared with HS-
BCCAO group of rats. This could be due to reduced ambient and 
niche temperature reducing the brain temperature of BCCAO rats 
post-surgery during CS. Azzimondi G et al., in his prospective 
study on human patients admitted for acute stroke brain injury 
suggests that the high temperature of 38.30C during first seven 
days is an independent risk-factor for poor prognosis in stroke 
recovery [35].

CONCLUSION
Exposing post ischemic brain injured rats to warm/hot ambient 
temperature by infrared lamps, heating pad as part of standard 
postoperative care as well as un-conditioned lab room ambient 
temperature that is influenced by hot seasonal variations increases 
mortality and morbidity of rats. It has been well documented that 
intra and post ischemic hyperthermia accentuates the events of 
ischemic cascade and can cause the zone of severe neuronal 
injury to extend beyond the core infarct area to involve regions 
of ischemic penumbra resulting in a more severe disability or a 
higher mortality among the rat models of ischemic brain injury. Our 
study confirms the fact that the high mortality rate of rats following 
BCCAO surgery during HS is due to hot and humid unconditioned 
lab room ambient temperatures observed in our experimental 
study.
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