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1.                   INTRODUCTION 
          Temperature stress refers to the situation whereby 
the environmental temperature becomes too low or too 
high which could result into the body temperature being 
elevated or lowered. Either condition affects the normal 
body functioning and would be lethal to the organism 
(Axelrod and Diringer, 2008; Vinkers et al., 2013 ).  
 

Among the factors that are known to affect the core 
body temperature includes; changes in environmental 
temperatures, disease, exercises, age, sex, body size , 
drugs among other (Bradshaw, 2007, -Juarez, et al., 
2010). The available literature on the factors affecting 
core body temperature in humans cannot be generalized 
to other mammals.  This is because there are some 
differences between humans and other mammals in 
regard to mechanisms of temperature regulations 
(Campbell, et al., 2000; Guihong, et al., 2016). For 
example humans regulate their core body temperature 
stress through sweating alongside a number of behavior 

mechanisms but information on how it fares in non- 
sweating and furred mammals is scanty. Therefore 
taking the rat as an example there is need to assess how 
the core body temperature of furred mammals respond 
to environmental.  
 
         Hypothermia is a condition in which the body's 
core temperature drops below that required for normal 
metabolism and body functions (Petrovic, et al., 2008 ). 
This is generally considered to be less than 35 °C 
(Gisele, et al., 2011) Mild condition of hypothermia is 
characterized by symptoms like shivering and mental 
confusion and severe condition lead into madness, heart 
complications among others (Guihong et al., 2016; 
Mancini, et al., 2011).Decreased temperatures have 
been reported to increase the activities of the thyroid 
hormones which play a pivotal role in temperature 
regulation, stimulation of thermo genesis, regulation of 
cellular metabolism and hence more food is needed by 
the endotherms in maintaining the core body 

Abstract: Globally, rats are among the most important non-human mammals in both the natural ecosystems and Laboratory 
settings; they are the most commonly used models in assessing essential drugs and other substances that can subsequently be used 
safely in humans. At present, Sub Saharan Africa, and Uganda in particular, faces scarcity of rats, especially laboratory grown 
strains. This could probably be attributed to the ongoing climate change characterized by global warming.  Core body temperature 
is a major factor that controls life processes in biological systems by affecting enzymatic activities. Hence, environmental factors 
that alter core body temperature can hinder metabolic processes, leading to adverse effects such as; dizziness, madness, 
impairment of the brain function, reduced response to stimuli, improper impaired coordination, locomotion, and heart beat, and 
may eventually lead to death of the organism. Among such factors, temperature stress has been documented as being key in 
altering core body temperature of organisms. Core body temperatures can be altered by factors such as; environmental 
temperatures, drugs, disease.  
 

Though much research has been done about the effect of heat stress on core body temperature of mammals, especially man in Sub 
Saharan Africa, little is known about rats and other essential mammals that lack sweat glands and have furred bodies. This study 
assessed the effect of temperature stress on the core body temperature in normal adult rats (Rattus norvegicus) living in Sub 
Saharan Africa, taking those in Uganda as the case study, to avail data that can guide to improved availability and conservative 
utilization of rats in this region. A total of sixty rats (60) divided into three treatment groups each containing twenty (20). Twenty 
(20) rats subjected to hypothermia (10 oC) another twenty (20) hyperthermia (41 oC) while the rest kept at the prevailing room 
temperature of 25oC maintained constant by the thermostat. In each case the rectal temperature measurement estimated the core 
body temperature by inserting the digital thermometer into the anus before and after treatment. The results indicated that the core 
body temperature significantly decreased on exposure to hypothermia and insignificantly increased in hyperthermia. Therefore, it 
was concluded that the core body temperature was affected by hypothermia and not hyperthermia. Thus, hypothermia renders the 
use Rattus norvegicus ineffective experiment models to represent human beings. 
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temperature(Sean et al., 2016). Thus, decreased 
environmental temperature puts a lot of burden on the 
survival of human as a species. However, the literature 
on how furred mammals like rats respond to decreased 
temperature most especially those living in Sub-sahara 
Africa remains a major question of discussion. 
 
          Hyperthermia is elevated body temperature due to 
failed thermoregulation that occurs when a body 
produces or absorbs more heat than it dissipates 
(Giuliano et al., 2000). Extreme temperature elevation 
can result into serious medical emergency requiring 
immediate treatment to prevent disability or death  due 
denaturation of active sites of the enzymes that drives 
life processes like respiration, digestion, cell division to 
mention but a few (Giuliano et al., 2000). According to 
(Nelson and Habibi, 2009)acute temperature elevation 
may be caused by exposure to excessive heat, or 
combination of heat and humidity, overwhelms the heat-
regulating mechanisms by affecting the normal 
functioning of  central nervous system that play a role 
pertaining temperature regulation (Silvestri, et al., 
2016). This is the response of humans to hyperthermia 
and yet they used number behavioural methods to 
minimize temperature rise when it is too hot in addition 
to sweating as a mean of dissipating excessive. The 
situation could turn to be even worse in furred mammals 
including rats which hardly sweat and have limited 
behavioural mechanism in response to hot conditions 
but the literature on this is still limited. 
 
       The effect of temperature stress on core body in 
man has been extensively investigated. The available 
findings have indicated that decreased environmental 
temperatures resulted into decreased core temperature in 
the extremities; like the ears, feet and finger.(Vinkers     
et al., 2013;Guihong et al., 2016)also investigated the 
effect of on the peripheral body temperatures and their 
finding indicated that stress decreased intestinal 
temperature, figure print but did not affect the arterial 
temperature (Mancini et al., 2011). The available 
literature on humans may not be directly applicable to 
other mammal’s since there are some differences in 
thermoregulation. For example man sweat and is less 
furred unlike other mammals and employs a variety of 
behavioural mechanisms in response environmental 
stress.  With global climatic changes there is need to 
assess how these animals would respond to temperature 
extremes otherwise it would become difficult to 
conserve both domesticated and wild animals. This does 
not only put risk on the nutritional status of man in 
regards to animal protein most especially of mammals 
which must survive only after a relatively constant body 
temperature to the set point (Gisele et al., 2011). Animal 
like fish which are exothermic and live in water which  

has a high specific heat capacity and would maintain the 
water temperature irrespective of globe. This could 
serve as an alternative source of animal protein is 
increasingly becoming very expensive since they are 
acting as one of the export for the country’s revenue to 
where the study was conducted. This does not only 
make them readily available but also unaffordable most 
especially to people who survive on the less than a 
dollar a day(Bahiigwa, Mugambe, and Keizire, 
2003).Thus, any factor that is detrimental to survival of 
animal both domesticated and wild could devastate the 
economic status of individuals and the country at large. 
For example death of these animals in response to 
temperature extremes would not only result in reduction 
in export for foreign exchange but also affects tourism 
industry as well as reduction of income for the 
agriculturalist. This could turn even worse in countries 
like Uganda where the study was conducted which 
relies entirely on agriculture as its back bone (Bahiigwa 
et al., 2003; FAO, 2003). Thus, it would render it 
impossible sustainability of Millennium Development 
Goalsin such countries.  
 
2.                      MATERIALS AND METHODS 
2.1. Type of study 
          The study was a laboratory experimental 
horizontal study on eight-months old normal adult rats, 
housed in same cages for at least one month to avoid 
light variations and their effects on thyroid function.  
Constant food and water were supplied to the animals, 
right from the time they were weaned and throughout 
the experimental period to avoid the effects of starvation 
and fasting on thyroid function. The food was 
constituted by rat pencils bought from Nuvita Feeds and 
assumed to contain a balanced diet. Animals were kept 
in the Small-animal laboratory at the Physiology 
Department at College of Health Sciences, Makerere 
University Kampala. Rats were kept at room  
temperatures at 25 0C, using a thermostat that switches 
on cooling fan or heater automatically to avoid the 
effect of cold or increased temperature on the core body 
temperature on rats prior to the experiment. 
 
2.2 Scope of the Study 
        The study was only restricted to a total of sixty 
(60) adult normal rats of species Rattus norvegicus. It 
specifically assessed the effect of temperature stress on 
the core body temperature basing on the rectal 
temperatures. Rats were kept subjected to only two 
temperature extremes ie high and lower temperatures at  
41 0C and 10 0C respectively were used in this study 
with respect to the control kept at prevailing room 
temperature of 25 0 C regulated by a thermostat. The 
whole exercise took a period of six months from 
proposal development to manuscript production.  
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2.3. Experimental Procedure 
The characteristics of the study population are 

summarized in (Table 1). Sixty (60) were used in this 
study and divided into three group each containing 
twenty (20).One group of the animals were subjected to 
heat stress conditions for two hour i.e. they were put in 
the same well aerated chamber that had a thermostat set 
at 41 0C with an incubator fixed with a respirator tube 
used to supply the necessary air. The second group of 
20 rats was subjected to cold stress conditions for two 
hours by putting them in a cold chamber at temperatures 
of 10 0C, also fixed with a respirator tube to supply the 
necessary air. Rats in the third group that served as 
control were left in their cages at the prevailing room 
temperature of 250C maintained by a thermostat.  
 
2.4: Measurement of Body Mass  

The mass of each rat was taken and recorded by 
wrapping each rat in a black polythene bag and then 
weighed on the digital scale. The mass of the polythene 
bag was later taken and deducted from the total mass 
and so the remaining mass was for the rat. 
 
2.5: Temperature Measurement 

In all groups, each animal’s rectal temperature was 
used to estimate the core body temperatures, before and 
after exposure to the temperature stress conditions. A 
digital thermometer with a small probe was inserted into 
the rectum via the anus. This estimated the core body 
temperature. 
 
2.6: Data Analysis 

Data was analyzed by use of computer program of 
STATISTICS for XL-STAT 2008 VERSION. A t- test 
was then carried out to find out whether there was any 
significant increase or decrease in the core body 
between control and hypothermia and hyperthermia. 

3.                 RESULTS OF THE STUDY 
As seen from the (Table-2) lower temperatures 

decreased the core body temperature from a mean value 
of 36.945 0C to 24.765 0C for the Control. The 
maximum and minimum temperatures registered for the 
Control and hypothermia were 38.600 0C and 23.700 0C, 
respectively. A statistical analysis (t-test) at alpha=0.05) 
for the difference between the mean body temperature 
before and after exposure to hypothermia taken after 2 
hours indicated a significant decrease (p = 0.0001). 
Hence the core body temperature in normal adult rats is 
significantly decreased by low temperature extremes. 
Higher temperatures on the other hand however, slightly 
increased the core body temperature from 36.925 0C for 
the control to 38.150 0C. A statistical analysis (t-test), 
showed that the mean core body temperature before and 
after hyperthermia taken after 2 hours of exposure 
showed no significant increase (p = 0.774). Hence, the 
core body temperature in normal adult rats is not 
affected by higher temperature extremes.  
 
4.            DISCUSSION OF THE FINDINGS 

The findings show that very low environmental 
temperatures decreased the core body temperature from 
36.945 0C to 24.7650C as shown in (Table 2). A 
statistical analysis (t-test) at α=0.05 for the difference 
between the core body temperature before and after       
2-hours exposure to hypothermia, showed a significant 
decrease (p = 0.0001). These results are in line with 
those of (Nedergaard and Bengtsson, 2014)who  found 
out that the core body temperature in mice  was 
significantly reduced to 26.50 0C on exposure to 15 0C, 
and on prolonged period and they eventually died. This 
was attributed to reduction in the core body temperature 
caused by low environmental temperatures that block 
the hypothalamus thermo-receptors which later on 

 
Table 1: Characteristics of the Study Population 

 
Total population 

of the study 
Hypothermia 

(10 0C) 
Hyperthermia 

(41 0C) 
Control 
(25 0C) 

Body mass 
(g) 

Diet Genetic 
factor 

60 20 20 20 28.87 
Rat 

pencils 
9 (total) 
3 (each) 

 
Table2: Effect of Temperature Stress (Hypothermia and Hyperthermia) on the Core Body Temperature 

 
Variable Observation 

( 0C ) 
Minimum 

( 0C ) 
Maximum 

( 0C ) 
Mean Standard 

deviation 
Change in 

temperature ( 0C ) 

Control 20 36.200 37.800 36.950 0.201  

Hypothermia 20 23.700 25.500 24.765 0.635 Decreased 

Hyperthermia 20 36.500 38.600 38.150 0.237 Increased 

 
 
 

 

Effect of Heat Stress on the Core Body Temperature…                                                                                                                     167



 
 

resulted into failure of the thermoregulatory centre to 
maintain a constant body that eventually offsets below 
the set point. The death of the organism was due 
inactivation of the enzymatic activity which controls life 
processes such as respiration, cell division, digestion 
needed in maintenance of life in organisms.  However, 
to a small extent it differed from the current study. For 
example whereas in their study the experimental animal 
died was not the case to this study. This was because in 
their study the experimental animals were exposed to 
cold stress for prolonged period of time, unlike in the 
current study where the period of exposure was only 
one hour. 
 
    Similar observations were made by (Nelson and 
Habibi, 2009) where the body temperature in dogs was 
seen to decrease after hypothermia followed by an 
increase and eventually reaching the normal body 
temperature of 36± 0.2 after 96 hours after hypothermia. 
Body temperatures of dogs differed significantly from 
normal values during this period (p=0.0001). Thus, it 
appears that the core body temperature vary 
considerably depending on the nature and duration of 
exposure to environment temperature stress. 
 
       Also findings conducted by (Berry, et al.,2003) in 
lactating cows revealed that hypothermia significantly 
decreased core body temperature and but hyperthermia 
insignificantly increased it Thus, it appears that the 
response to environmental stress on the core body 
temperature in furred mammals are similar irrespective 
of the body size. This is because in mammals the core 
body temperature is controlled by the thermoregulatory 
centre of the brain, the hypothalamus whose effects are 
blocked by too low temperature. Higher temperature on 
the other hand has less effect on the hypothalamus. 
However, response in humans most especially to 
hyperthermia  would differ from the rest of mammals 
(Campbell et al., 2000). This could be attributed to less 
fur on human body and sweat in response to heat stress 
and additionally use a variety of behavioural means to 
regulate body temperature unlike other mammals. 
 
         Observations made by (Petrovic et al., 2008 ) also 
indicated that small and poorly insulated mammals have 
the highest and area-specific conductance and are likely 
to face condition of high energy demand in maintaining 
body temperature which may not be readily available 
especially in winter conditions due to limited resources 
and as such could not maintain a constant body 
temperature. Instability of core body temperature due to 
exposure temperature  extremes have been studied 
mostly in humans (Toor et al., 2008). For example 
hypothermia of more than 20C results in loss of the 
brain in the coordination of locomotory performance, 
impairment of physiological function and loss of 

consciousness. Hypothermia of more than 50C could 
often results in death. Thus, for many small and poorly 
insulated animals, survival mechanisms have evolved 
that allow them temporarily to abandon tight 
thermoregulatory control. Thus, exposure of animals to 
prolonged exposure does not only affect the core body 
temperature but also has an effect the entre brain 
functions which is lethal 
 

5.                         CONCLUSION 
 The core body temperature was significantly 
decreased in hypothermia but higher temperature 
insignificantly affected it. Thus, exposure of normal 
adult rats living in Sub-Sahara Africa to low 
temperature had an effect on core body temperature.  
 Therefore, rat exposed to very low 
temperatures are not recommend to be used as 
experimental models because their normal physiology is 
altered and hence falsifying and cannot be used to 
represent humans’ situation.  
 

Areas for Future Research  
On basis of the findings of this study, the research 

recommends that the following area would be suitable 
for further research; 
 A vertical study may be conducted of the heat 
stress on core body using varying age groups of rats. 
 A study on the effect of temperature stress on 
the core body temperature in primates living Sub-Sahara 
may also be conducted.  
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which are relatively colder than Sub-Sahara Africa. 
Thus, the findings reported by the previous researchers 
may be falsifying to the prevailing conditions in Sub-
Sahara Africa most especially when using rats as 
experimental models. The current study provided a basis 
of effect of heat stress on core body temperature in 
normal adult rats, living in sub-Saharan Africa. 
Therefore, researcher recommended that rats under 
extreme temperatures stress should not be used as 
experimental models because their physiology is altered 
and results obtained would be falsifying if extrapolated 
to represent human situations 
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