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Introduction 
The hot-dry season in the Northern Guinea 
Savannah zone of Nigeria, characterized by 
high ambient temperature and high relative 
humidity, imposes heat stress on the body 
(Ayo et al., 2011). Heat stress is the net 
(overall) heat burden on the body from the 
combination of body heat generated while 
working and for being subjected to 
environmental sources such as air 
temperature, humidity, air movement, 
radiation from the sun or hot surfaces 
(Threshold Limit Values 2001). In all 
instances, the cause of heat stress is a 

working environment which can potentially 
overwhelms the body’s ability to deal with 
heat. Continous heat stress induces large 
demands on physiological and metabolic 
processes to compensate for changes in 
thermal environment which can affect the 
well being of animals including man ( 
Gordon, 1993). Heat stress is one of the 
most important stressors in hot regions of 
the world leading to enormous generation of 
free radicals (FRs) and other reactive oxygen 
species (ROS) resulting in overwhelming of 
natural antioxidant in the tissues leading to 
oxidative stress (Altan et al., 2003).  
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Abstract 
Introduction: The hot-dry season in the Northern Guinea Savannah zone of Nigeria is 
characterized by high ambient   temperature and high relative humidity which imposes 
heat stress on the body resulting in enormous generation of free radicals and behavioural 
changes.  
Aim: The aim of the study was to determine the  effect of ascorbic acid (AA) on behavior 
of Wistar rats exposed to environmental in heat stress.  
Methods: Thirty Wistar rats weighing 140-160g were divided into 3 groups of 10 each. 
Group 1 served as control and was administered normal saline 1ml/kg orally, groups 2 
exposed to environmental temperature of 38 ± 1 0C and group 3 were exposed to 
environmental temperature of 38 ± 1 0C and administered AA at 100mg/kg orally for 21 
days. Behavioral   activity in the open-field was assessed on days 1, 7, 14 and 21.  
Results: The results showed a significant increase in pellets count, urination   and 
immobilization in the control and heat exposed group compared to AA treated on days 1 
and 7. Rearing, grooming and ambulation were significantly decreased in AA treated 
group on day 1, 7 and 14. There was no significant behavioral change on the 21st day 
indicating habituation.  
Conclusion: It was concluded that ascorbic acid ameliorated some of the behavioral 
changes induced by environmental heat stress and therefore, individuals working in high 
temperature zones should be advised to be taking vitamin C supplements.  
Key words:  Heat stress, Behaviour, Ascorbic acid, Open-field.  
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At the celluar level, heat stress induces the 
expression of heat shock proteins (HSPs), 
which is closely associated with adapted 
thermotolerancce against a sudden heat 
shock (Horowitz, 2002). The expression of 
HSPs is known to be involved in an 
endogenous cellular defense mechanism that 
enables cells to cope with stressful 
conditions and generation of free radicals 
and oxidative stress (Molvarec et al.,2011).  
Free radicals play an important role in the 
functioning of the brain in physiologic and 
pathologic conditions (Drew et al., 1998). 
Heat stress can profoundly disturb the 
balance between the generation of ROS and 
the antioxidant defense system (Molvarec et 
al.,2011). The major outcome of oxidative 
stress is the irreversible damage of cell 
macromolecules by ROS leading to lipid 
peroxidation (LPO). Proteins are the major 
target for oxidants as a result of their 
abundance and their elevated reaction rate 
constants (Bizzozero, 2009). The deleterious 
effects of oxidative free radicals are 
ameliorated by antioxidants. Scavengers of 
free radicals such as ascorbic acid (AA) also 
known as vitamin C may play a pivotal role 
in preventing the cellular damage of organs 
and maintaining homeostasis during heat 
stress (Seo-Hyun et al.,2012) Ascorbic acid, 
is a potent water-soluble, naturally occurring 
antioxidant, a cofactor in various enzymes 
and a  free radical scavenger by its 
antioxidant effect (Frei et al., 1990). 
Currently ascorbic acid is the most widely 
used vitamin supplement throughout the 
world (Naidu, 2003) due to its variety of 
biological functions (Maret and Jan, 2011). 
It is an outstanding antioxidant in human 
blood plasma (Frei et al.,1989). Vitamin C 
has the ability to protect against LPO by 
acting as a scavenger of ROS and by one-
electron reduction of lipid hydroperoxyl 
radicals via the vitamin E redox cycle 
(Halliwell, 1996). Ascorbic acid has been 
shown to be of value in the prevention and 
therapy of adverse effects of stress factors. 
Clinical and epidemiological studies have 
indicated that ascorbic acid may be 
beneficial in chronic diseases such as 
cardiovascular disease and cancer 

(Valpuesta and Botella, 2004; Coulter et al., 
2006) and the ability to fight off 
environmental pollutants including carbon 
monoxide, pesticides and heavy metals 
(Iqbal et al., 2004). The health promoting 
effects of vitamin C can be attributed to its 
biological functions as a co-factor for a 
number of enzymes ( Maret and Jan, 2011). 
Studies on the effect of heat stress and 
nervous activities have been studied but 
none has linked it to free radicals and 
ascorbic acid. 
 

Materials and Methods 
Experimental Design 
A total of 30 adult Wistar rats weighing 140-
160g were fed pellets made from growers’ 
mash, Maize bran and Groundnut cake in the 
ratio of 4:2:1 with Wheat flour as binder. 
The rats were allowed to acclimatize to the 
environment for two weeks and given water 
ad libitun before the experiment 
commenced. Group I made of 10 rats served 
as the control received normal saline  and 
exposed to normal room body temperature, 
group II made of 10 rats received normal 
saline and exposed to environmental 
temperature of 38 ± 1 0C and group  III 
made up of 10 rats were exposed to 
environmental temperature of 38 ± 1 0C and 
administered  vitamin C orally at a dose of  
100mg/kg daily. The experiment lasted for a 
period of 21 days. 
 

Drug Preparation 
Ascorbic acid tablets, Med Vit C 
(100mg/tablet). Each tablet was dissolved in 
1ml of distilled water to obtain 100mg/ml 
suspension, just prior to its daily 
administration. 
 

Measurement of Rectal Temperature 
(RT) 
The RT was recorded using standard digital 
clinical   thermometer (Hartman’s Company 
Plc, England),  inserted about 5 cm into the 
rectum via the cloaca for 3 min until an 
alarm was heard, indicating that the 
temperature has been stabilized Rectal 
temperature was monitored and taken daily 
for three weeks.  
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Change in body temperature has been used 
as important criterion for stress reaction in 
animals according to Boulant (1991). 
 
Open-field test 
Behavioral   activity in the open-field (OF) 
was assessed on days 1, 7, 14 and 21.  The 
OF test was first described by Hall in 1934 
and is currently a useful tool to assess 
behaviour.  The open-field assessment was 
performed as described by Zhu et al.,(2001) 
on day 0, 7, 14 and 21 of the experiment. 
The open field apparatus was constructed as 
described by Zhu et al., (2001). Briefly, it 
was made of a cardboard box (50 x 50 x 
46cm high) with clear plexiglas on the inner 
surface. The floor was divided into 25 equal 
squares. Each animal was placed in the box 
and allowed to walk freely for 3 minutes, 
and the recordings of parameters were made 
in the next 2 minutes. The apparatus was 
used to assess activity and locomotion of 
each rat. It was also used  to evaluate anxiety 
in the rats by measuring the number of 
stretch-attend postures (risk-assessment 
behaviour) which was the frequency with 
which each animal demonstrated forward 
elongation of the head and shoulders, 
followed by retraction to the original 
position and a high frequency indicates high 
levels of anxiety (Blanchard et al., 2001)  

Other parameters measured using the 
apparatus were grooming, which was the 
duration of time the animal spent licking or 
scratching itself while stationary; grooming 
behaviour is a displacement response and is 
expected to be displayed in a novel 
environment (Espejo, 1997). The apparatus 
was first cleaned with 95% ethanol after 
assessing each anima in order to remove the 
interfering odours left by the previous 
animal.  
 
Statistical Analysis 
Data was expressed as mean ± standard error 
of mean (mean ± SEM). Analysis of 
variance (ANOVA) was used to assess the 
difference in mean values between the 
control and test groups using graphpad prism 
4.0.  Values of p<0.05 were considered 
significant. 
 
Results  
Table 1 show the body temperature 
distribution of heat stress rats supplemented 
with ascorbic acid. The ascorbic acid 
significantly decreased body temperature on 
days 1, 7 and 14 in ascorbic acid treated 
group as compared to stressed induced 
animals and no changes were observed on 
day 21. 

 
Table 1: Effect of Heat Stress on Body Temperature and Ameliorating Effect of 
Ascorbic Acid  

                       Body Temperature ( oC)  

No. of Day(s)  Control  
(n = 10) 

Stress  
(n = 10) 

Stress + AA 
(n = 10) 

Day 1 37.24 39.10* 38.02* 
Day 7 37.30 38.60* 37.35* 
Day 14 37.28 38.40* 37.34* 
Day 21 37.44 37.46 37.45 
Vales in same raw bearing the super script * are significantly different (P<0.05). 
Key: AA: Ascorbic Acid 
 
Ascorbic acid significantly increased 
movement and decreased   pellets count on 
days1, 7, and 14 as compared to stressed 
induced animals (Table 2).  A significant 
decrease in frequency of rearing and 

grooming was observed in AA treated as 
compared to stress induced group. There 
was no significant behavioral change on the 
21st day indicating habituation. 
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Table 2: Effect of Heat Stress on Behaviour and the Ameliorating Effect of Ascorbic 
Acid 

DAY 1 DAY 7 DAY 14 DAY 21 Parameter 
HS HS+AA HS HS+AA HS HS+AA HS HS+AA 

Movement 
(Sec) 

13.5 22.4* 16.2 21.3* 17.9 20.3* 20.1 21.6 

Pellet 
(Number) 

4.1 3.1* 3.5 2.2* 2.9 1.6* 1.4 1.6 

Grooming 
(Number) 

6.4 3.9* 8.4 5.2 7.3 4.8* 5.8 4.9 

Rearing 
(Number) 

13.2 6.3* 15.1 7.1* 8.4 7.2 6.1 5.8 

Stretch Attend 
Posture 
(Number) 

3.1 2.8 2.3 2.1 1.8 1.6 1.2 1.3 

* Significant. 
Keys: HS: Heat Stress, AA: Ascorbic Acids 
 

Discussion 
Behavioural changes are the main signs of 
distress and the first signs of disease in 
animals (Ayo et al., 2002) and heat stress 
environment is one of the main causes of 
distress. The open field test (OFT) is used to 
assay general locomotor activity levels and 
anxiety in rodents. Decrease anxiety leads to 
increased exploration behavior while 
increased anxiety results in less locomotor 
motion. Hall (1934) describes defecation and 
urination as indices of anxiety in rodents. He 
argues that the animal will have reduced 
locomotion in a novel environment but the 
autonomic nervous system will be activated 
which will increase defecation in this 
noxious arena. Repeated exposure to the 
open field apparatus results in time 
dependent changes in behavior (Choleris et 
al.,2001) and habituation as seen in this 
study on the 21st day. At first, when the 
apparatus is novel to the animals, more fear-
related behaviours (such as stretch attends 
and activity in the corners and walls of the 
open field) are displayed. However, with 
repeated trials, more exploration and 
locomotor activity (such as rearing and line 
crosses as well as more central square 
activity) was observed.  With repeated 
exposure, some strains show increased 
activity while others show habituation and 
decreased activity levels and others show no 
change (Bolivar et al., 2000). Grooming in 

the open field has been associated with 
anxiety-related variables from several other 
(unconditioned and conditioned) anxiety 
tests (Sira et al., 2014). In the OFT, an 
interplay between freezing and stretch attend 
posture, at one hand, and rearings and 
grooming on the other hand. This interplay 
was in line with the notion that, once in 
contact with novel stimuli, the individual 
disengages from ongoing behavior, devotes 
attention to risk assessment and, if threat is 
ruled out, exploratory behavior takes place 
(Sira et al., 2014). 
Along this sequence, arousal rises at first 
and falls afterwards. This notion/sequence 
roughly corresponds to the concept of a 
behavioral inhibition system proposed by 
(Gray and McNaughton, 2000). Thus, once 
placed in the OF, an animal is expected to at 
first show freezing and stretch attend posture 
(these behaviors are devoted to risk 
assessment) which, after some time, can be 
replaced by exploratory behaviors (for 
example: locomotion and rearing) and 
grooming (supposed to be related to 
dearousal). Therefore grooming behaviour 
should decrease with repeated exposure to 
the testing apparatus and defaecation, which 
was the number of faecal pellet produced 
and increase in defecation shows increased 
anxiety and rearing, which is the frequency 
with which the rodent stood on their hind 
legs in the field.  147 
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This behavior shows increased exploratory 
behaviour and a high frequency indicates 
increased exploration and locomotion.  
Ascorbic acid (AA) is an important dietary 
antioxidant which is highly concentrated in 
the central nervous system (Yenisey et al., 
2006) and therefore able to ameliorate the 
behavioural changes induced by 
environmental heat stress in this study. 
Ascorbic acid has a modulatory action on 
brain neurotransmitter like the cholinergic, 
serotonergic and dopaminergic systems (Dai 
et al., 2006). These neurotransmitter systems 
are important in behavioural processes 
(Ogren et al., 2008).  These observations 
indicate its potent antioxidant effect. The 
mechanism of action of AA on   stress 
factors may be caused by the fact that AA is 
an inhibitory vitaminergic neurotransmitter 
in the hypothalamus, which plays an 
important role in thermoregulation by 
inhibiting cortisol, the chief hormone of 
stress and the limbic region involved in the 
elicitation of fear and frustration (Balz 2003; 
Karanth et al., 2000). The decrease in 
temperature by AA is in line with (Ayo et 
al., 2005 and 2007). The findings of the 
present study demonstrated that AA reduced 
significantly the stress on temperature by the 
heat stress environment. Similarly, 
ameliorating effects of AA on heat induced 
stress have been documented (Minka and 
Ayo 2010, 2011). The result obtained 
indicated that AA facilitated the 
physiological mechanism of 

thermoregulation. It has been established 
that AA decreases heat load through 
reduction in heat production or increasing 
heat loss by enhancing thermal exchange 
between the body and the environment 
(Minka and Ayo, 2010; Tauler et al., 2003). 
The mechanism of action of AA in reducing 
heat stress may also be through the 
detoxification of reactive oxygen species 
known to be in abundance in the body 
during stressful conditions (Minka and Ayo, 
2007; Tauler et al., 2003). AA has been 
reported to be a chain-breaking antioxidant, 
involved in the prevention and restriction of 
free-radical chain formation and 
propagation. Ascorbic acid supplementation 
was found to alleviate detrimental effects of 
heat stress (Elsayed et al., 2008). 
 
Conclusion 
The results of the present study have 
demonstrated that AA ameliorated the 
behavioral changes induced by 
environmental heat stress, thereby 
establishing the relationship between 
thermal environment, behavioural activities 
and AA. 
 
Recommendation: Individuals working in 
high temperature zones should be advised to 
be taken vitamin C supplements.  
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