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ABSTRACT  
 
The fast economic development has polluted the environment and led to a remarkable global warming worldwide 
characterized by an environmental hyperthermia. In view of these circumstances, the investigation of some 
biological markers during the combined stress was carried out. Thus, the effect of heat stress (HS), cadmium 
chloride (Cd) and heat stress-cadmium (HS-Cd) were performed on Wistar rats for a period of 8 consecutive days. 
The control and the cadmium group (10 mg cadmium chloride daily by gavage) were housed separately 
(temperature ranges 22.23-25.45 °C). The HS and HS-Cd groups were placed in a thermal chamber where they 
exposed each day from 09:00h to 13:00h (temperature ranges 34.41-37.23 °C). However, serum total proteins, 
sodium, chlorine, calcium, potassium and blood components were investigated. The obtained results showed a 
remarkable increase of serum Na in HS-Cd and serum Cl in HS and HS-Cd were seen. However, in the cadmium 
treated group, only calcium level was affected by a notable decline after one week. In the combined treatment, the 
concentrations of serum calcium as well as that of serum total proteins were decreased significantly. Contrary, 
serum K was within normal ranges in all treated groups. RBC and WBC counts were remarkably lower in the HS-
Cd group, while hematocrit was significantly decreased in all treated groups. To conclude, the combined stress has 
made deep alterations on biological markers of Wistar rats. 
 
Keywords: Heat, cadmium, stress, electrolytes, blood, rats, toxicity. 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
Uncomfortable weather characterized with high temperature and high humidity make humans and even animals 
unable to rid out of excess heat in order to regulate body temperature. The [1] climate projection is expecting 
significant changes, as the Southern Europe is becoming warmer, and that will not certainly affect humans only [2, 
1], but it may perhaps disturbs the ecological systems including many plants and animal species. Accordingly, 
environmental hyperthermia is making today deep alterations concerning the unbalance of ecosystems ’biodiversity 
[3, 4, 5]. Therefore, the rise in temperature for longer periods would create drought, and then many species will 
disappear to be replaced with other new species able to resist the changing climate [6].  
 
Due to variation in the structure and function of ecosystems [7], some natural physiological adaptations could occur 
to cope against heat stress [8, 9]. For this reason animal physiological mechanism concerning heat stress need to be 
understood deeply in order to apply preventive and control measures [10], as for example animals having more 
sweat glands are able to regulate their body temperature better than those getting fewer glands. Furthermore, the 
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thermal regulation can also be different even within the same species
permanently live either in cold or in
 
Therefore, the objective of this study is
and cadmium pollution. 

Male Wistar rats were placed in a controlled 
pellet diet and water ad libitum. Animal
as a control; group 3 was exposed each day 
mg cadmium chloride daily by gavage
(HS-Cd). However, the control and the Cd group 
°C), while those of HS and HS-Cd 
The experiment was lasted 8 consecutive days for all groups
hygrometer throughout the experiment
experiment and blood samples were collected from each animal into dry tubes and were
centrifugation at 3000 rpm/min for 
chlorine and potassium using the biochemical multiparameters
collected in EDTA tubes to be analyzed by 
mean ± standard deviation. Student’s 
However, the significant test was used at p<0.05 level.
 

Fig 01: Variation of serum total proteins concentration (X±SD) 
S: significant at

 
In this experiment, the level of serum total proteins was slightly increased in rats experienced HS. Such finding is 
nearly similar to that of Kataria et al., 
Marwari goats during summer, which was linked to the capability of animals to maintain normal blood circulatory 
volumes even at hot season. The elevation in serum protein levels is likely related to hemo
resulted from body fluid losses through excessive s
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also be different even within the same species due to acclimation
or in hot climate [11]. 

objective of this study is to investigate some biological markers of male rats exposed to thermal stress 

 
MATERIALS AND METHODS 

 
controlled house (temperature, relative humidity, and photoperiod) with a 

Animals were divided into four groups of 10 individuals each
each day to heat stress (HS) from 09:00h to 13:00h, group 

by gavage and group 4 was exposed to a combined treatment of
However, the control and the Cd group were housed at the same room (temperature

Cd groups were housed in a thermal chamber (temperature
8 consecutive days for all groups. The temperature was continuously monitored by a 

the experiment (Tchilo model). Animals were decapitated on the eighth day
blood samples were collected from each animal into dry tubes and were

for 10 mn. Serum was used for the determination of total protein
biochemical multiparameters (Dialab Autoanalyser). A portion of blood was also 

to be analyzed by “Abacus 4 Hematology Analyzer, Hungary”
. Student’s t-test was used to compare the mean of each treated group against the control.

However, the significant test was used at p<0.05 level. 

RESULTS AND DISCUSSION 
 

 
Variation of serum total proteins concentration (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control 

In this experiment, the level of serum total proteins was slightly increased in rats experienced HS. Such finding is 
Kataria et al., [12] who reported only a negligible rise in plasma protein concentrations of 

summer, which was linked to the capability of animals to maintain normal blood circulatory 
The elevation in serum protein levels is likely related to hemo

resulted from body fluid losses through excessive sweating. On the other hand, the observed increase of serum 

Control HS Cd
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acclimation, as in humans who 

investigate some biological markers of male rats exposed to thermal stress 

, and photoperiod) with a standard 
individuals each. Group 1 was served 

, group 2 was treated with 10 
a combined treatment of heat stress-cadmium 

(temperature ranges 22.23-25.45 
temperature ranges 34.41-37.23 °C). 

continuously monitored by a 
on the eighth day of the 

blood samples were collected from each animal into dry tubes and were obtained by blood 
total proteins, calcium, sodium, 

A portion of blood was also 
4 Hematology Analyzer, Hungary”. Results are expressed as 

test was used to compare the mean of each treated group against the control. 

. 

rats exposed to HS and Cd for 1 week 

In this experiment, the level of serum total proteins was slightly increased in rats experienced HS. Such finding is 
who reported only a negligible rise in plasma protein concentrations of 

summer, which was linked to the capability of animals to maintain normal blood circulatory 
The elevation in serum protein levels is likely related to hemo-concentration, which 

On the other hand, the observed increase of serum 

HS-Cd

S
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proteins might indicate a loss of extracellular fluid due to high temperature. These results were similar to the data 
cited by Rasooli et al., [13] in Holstein heifers during summer time. 
proteins in their milk under hyperthermic situation 
accompanied with a fall in milk proteins and an elevation in plasma urea of lactating cows 
stress (daily temperatures ranging from 29.4 to 37.8°C and 20% humidity) 
reductions were likely affected by the milk production process in the mammary glands, or/and they were affected by 
the serum protein deficiency.  
 
In the present work, cadmium has made no noticeable variation in the concentration of serum total proteins after a 
one week chronic exposure. Some authors 
weeks cadmium exposure. Moreover, the decrease in serum total protein levels of 
period of two weeks [18], might be resulted from the increase in the urinary
proteins [19]. Cadmium accumulation in the kidney may cause renal dysfunction, and in turn it induces proteinuria.
Contrary, the actual result is different than those of 
proteins, accompanied by a decrease in liver 
 

Fig 2: Variation of serum sodium concentration (X±SD) 
S: significant at

 
The combined stress by HS-Cd has remarkably decreased serum total proteins in rats after one week exposure. 
Previously, it has been hypothesized that heat stressed ruminants could motivate proteins’ catabolism in order to 
produce energy through the gluconeogenesis 
levels were found to be sensitive indicators for heat stroke in rabbits exposed to temperature above 37°C 
Therefore, it is possible that the remarkable decrease of total body weights of HSH rats was promoted by proteins’ 
breakdown to produce sufficient energy; especially rats were
conditions. Furtheremore, plasma proteins were decreased in lambs exposed to 9h/d for 17 days at a temperature of 
35 °C [23]. 
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proteins might indicate a loss of extracellular fluid due to high temperature. These results were similar to the data 
in Holstein heifers during summer time. Moreover, lactating cows have produced fewer 

proteins in their milk under hyperthermic situation [14]. Furthermore, the fall of milk production by 
accompanied with a fall in milk proteins and an elevation in plasma urea of lactating cows 
stress (daily temperatures ranging from 29.4 to 37.8°C and 20% humidity) [15]. At this circumstance, milk protein 
reductions were likely affected by the milk production process in the mammary glands, or/and they were affected by 

In the present work, cadmium has made no noticeable variation in the concentration of serum total proteins after a 
Some authors [16, 17] observed a decrease in serum total protein levels in rats after four 

weeks cadmium exposure. Moreover, the decrease in serum total protein levels of rats exposed to cadmium for a 
, might be resulted from the increase in the urinary excretion of high molecular weight 

. Cadmium accumulation in the kidney may cause renal dysfunction, and in turn it induces proteinuria.
Contrary, the actual result is different than those of Ajilore et al., [20] who found an increase of seru
proteins, accompanied by a decrease in liver total proteins of rats exposed to cadmium for four consecutive weeks. 

 
Variation of serum sodium concentration (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 

has remarkably decreased serum total proteins in rats after one week exposure. 
Previously, it has been hypothesized that heat stressed ruminants could motivate proteins’ catabolism in order to 
produce energy through the gluconeogenesis [21]. Besides, creatinine phosphokinase, urea and even lactate high 

ve indicators for heat stroke in rabbits exposed to temperature above 37°C 
t is possible that the remarkable decrease of total body weights of HSH rats was promoted by proteins’ 

breakdown to produce sufficient energy; especially rats were unable to eat much food under the hard hyperthermic 
Furtheremore, plasma proteins were decreased in lambs exposed to 9h/d for 17 days at a temperature of 
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proteins might indicate a loss of extracellular fluid due to high temperature. These results were similar to the data 
lactating cows have produced fewer 

. Furthermore, the fall of milk production by 33%) was 
accompanied with a fall in milk proteins and an elevation in plasma urea of lactating cows after 21 days cyclic heat 

. At this circumstance, milk protein 
reductions were likely affected by the milk production process in the mammary glands, or/and they were affected by 

In the present work, cadmium has made no noticeable variation in the concentration of serum total proteins after a 
observed a decrease in serum total protein levels in rats after four 

rats exposed to cadmium for a 
excretion of high molecular weight 

. Cadmium accumulation in the kidney may cause renal dysfunction, and in turn it induces proteinuria. 
who found an increase of serum total 

total proteins of rats exposed to cadmium for four consecutive weeks.  

. 

rats exposed to HS and Cd for 1 week 

has remarkably decreased serum total proteins in rats after one week exposure. 
Previously, it has been hypothesized that heat stressed ruminants could motivate proteins’ catabolism in order to 

Besides, creatinine phosphokinase, urea and even lactate high 
ve indicators for heat stroke in rabbits exposed to temperature above 37°C [22]. 

t is possible that the remarkable decrease of total body weights of HSH rats was promoted by proteins’ 
unable to eat much food under the hard hyperthermic 

Furtheremore, plasma proteins were decreased in lambs exposed to 9h/d for 17 days at a temperature of 

HS-Cd
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Fig 3: Variation of serum chlorine concentration (X±SD) 
S: significant at

  
According to the obtained results, serum sodium and chlorine have been disturbed by heat stress, whereas those of 
potassium and calcium were not changed significantly. In view of that, 
calcium and an increase in sodium of Japanese quails during heat exposition 6
serum calcium were seen in heat stressed rabbits after four weeks exposure 
days at 35 °C [23]. The rise in serum chlorine may be resulted from sweating, despite the normal range of serum 
potassium. Besides, serum sodium, potassium and chlorine concentrations increased in crossbreed cattle under heat 
stress of up to 42 °C during summer time 
potassium diminution, causing however, muscle injury and dysfunction 
event of fluid diminution, is known to increase sodium and decline potassium in the blo
potassium depletion was seen in cows lived in high environmental temperature 
one of the main observed sign in all heat stressed rats. Though, fluid depletion, hypoxia, glycogen metabolism and 
membrane potential [27] could participate in muscles fatigue and the restricted movements of heat stressed rats. 
Therefore, acidosis and muscle cell damage are amongst many factors that participate in hyperkalemia, while the 
stimulation of sodium-potassium pump by catecholamines and insulin leads to hypokalemia 
acidosis appears when there is no enough oxygen delivery to the tissues 
human skeletal muscles contain the largest single pool of pota
only seen in 42 % of men and women, with an average age of 55 years, who suffered from environmental heat 
stroke, despite the recorded metabolic 
muscle contraction and nervous system function. Though, hypocalcaemia is a common feature in heat stroked 
persons [31]. Sodium chloride represents the biggest portion of sweat, followed by smaller amounts of potassium, 
calcium, and magnesium [32]. 
 
The administration of cadmium chloride for one week showed a noticeable decline of rat’s serum calcium, which is 
in line with the finding of Abd-El -
intoxication. Such variation was related to the decreased calcium absorption seen in rats during cadmium exposure 
[34] since cadmium competes with calcium absorption. Furthermore, cadmium may replace calcium in the bones 
and cause hypercalcuria [35].  
 
Concerning the electrolytes, cadmium has not in this experiment changed the levels of serum sodium, chlorine and 
potassium. Though, blood sodium and chlorine concentrations have been elevated after five weeks of exposure to 
cadmium [33]. At longer period of 6 weeks to cadmium exposure, the electrolyte levels were still higher in rats’ 
serum [36]. Also, cadmium fed rats for a low or moderate chronic exposure has had accumulated higher amount of 
dietary radio-sodium [37]. Even after a long
months, water retention was high in both sexes of growing rats 
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Variation of serum chlorine concentration (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 

According to the obtained results, serum sodium and chlorine have been disturbed by heat stress, whereas those of 
potassium and calcium were not changed significantly. In view of that, Mahiye and Orhan 

dium of Japanese quails during heat exposition 6th week. Likewise, 
heat stressed rabbits after four weeks exposure [25] and in lambs exposed to 9h/d for 17 

The rise in serum chlorine may be resulted from sweating, despite the normal range of serum 
Besides, serum sodium, potassium and chlorine concentrations increased in crossbreed cattle under heat 

stress of up to 42 °C during summer time [26]. Elsewhere, serum sodium augmentation was accompanied with 
potassium diminution, causing however, muscle injury and dysfunction [27]. Thus, aldosterone, which rises in the 
event of fluid diminution, is known to increase sodium and decline potassium in the blo
potassium depletion was seen in cows lived in high environmental temperature [14]. In the actual study, tiredness is 
one of the main observed sign in all heat stressed rats. Though, fluid depletion, hypoxia, glycogen metabolism and 

could participate in muscles fatigue and the restricted movements of heat stressed rats. 
Therefore, acidosis and muscle cell damage are amongst many factors that participate in hyperkalemia, while the 

ump by catecholamines and insulin leads to hypokalemia 
acidosis appears when there is no enough oxygen delivery to the tissues [29]. However, as it was recently reported, 
human skeletal muscles contain the largest single pool of potassium in the body [28]. Besides, hypo
only seen in 42 % of men and women, with an average age of 55 years, who suffered from environmental heat 
stroke, despite the recorded metabolic acidosis [30]. Moreover, calcium is known to be an essential e
muscle contraction and nervous system function. Though, hypocalcaemia is a common feature in heat stroked 

Sodium chloride represents the biggest portion of sweat, followed by smaller amounts of potassium, 

The administration of cadmium chloride for one week showed a noticeable decline of rat’s serum calcium, which is 
-Baset [33] who observed a significant decline of this element during cadmium 

tion was related to the decreased calcium absorption seen in rats during cadmium exposure 
since cadmium competes with calcium absorption. Furthermore, cadmium may replace calcium in the bones 

electrolytes, cadmium has not in this experiment changed the levels of serum sodium, chlorine and 
sodium and chlorine concentrations have been elevated after five weeks of exposure to 

. At longer period of 6 weeks to cadmium exposure, the electrolyte levels were still higher in rats’ 
Also, cadmium fed rats for a low or moderate chronic exposure has had accumulated higher amount of 

Even after a long exposure to low level cadmium in drinking water for nearly eleven 
was high in both sexes of growing rats [38]. However, the high blood pressure was 
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. 

to HS and Cd for 1 week 

According to the obtained results, serum sodium and chlorine have been disturbed by heat stress, whereas those of 
Mahiye and Orhan [24] found a decrease in 

week. Likewise, lower values of 
and in lambs exposed to 9h/d for 17 

The rise in serum chlorine may be resulted from sweating, despite the normal range of serum 
Besides, serum sodium, potassium and chlorine concentrations increased in crossbreed cattle under heat 

sewhere, serum sodium augmentation was accompanied with 
. Thus, aldosterone, which rises in the 

event of fluid diminution, is known to increase sodium and decline potassium in the blood. Furthermore, milk 
In the actual study, tiredness is 

one of the main observed sign in all heat stressed rats. Though, fluid depletion, hypoxia, glycogen metabolism and 
could participate in muscles fatigue and the restricted movements of heat stressed rats. 

Therefore, acidosis and muscle cell damage are amongst many factors that participate in hyperkalemia, while the 
ump by catecholamines and insulin leads to hypokalemia [28]. Hence, metabolic 

. However, as it was recently reported, 
. Besides, hypokalemia was 

only seen in 42 % of men and women, with an average age of 55 years, who suffered from environmental heat 
Moreover, calcium is known to be an essential element for 

muscle contraction and nervous system function. Though, hypocalcaemia is a common feature in heat stroked 
Sodium chloride represents the biggest portion of sweat, followed by smaller amounts of potassium, 

The administration of cadmium chloride for one week showed a noticeable decline of rat’s serum calcium, which is 
who observed a significant decline of this element during cadmium 

tion was related to the decreased calcium absorption seen in rats during cadmium exposure 
since cadmium competes with calcium absorption. Furthermore, cadmium may replace calcium in the bones 

electrolytes, cadmium has not in this experiment changed the levels of serum sodium, chlorine and 
sodium and chlorine concentrations have been elevated after five weeks of exposure to 

. At longer period of 6 weeks to cadmium exposure, the electrolyte levels were still higher in rats’ 
Also, cadmium fed rats for a low or moderate chronic exposure has had accumulated higher amount of 

exposure to low level cadmium in drinking water for nearly eleven 
. However, the high blood pressure was 

HS-Cd
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positively related to water retention only during the first week of cadmium injecte
latter authors have observed a remarkable decrease in urinary sodium and potassium only during the first three days 
of cadmium exposure. However, in the present study these two electrolytes were unchanged after one week of 
exposure, a result which could be in line with 
 

Fig 4: Variation of serum potassium concentration (X±SD) 
 

Fig 05: Variation of serum calcium concentration (X±SD) 
S: significant at

 
Regarding the combined stress (HS
same trend as that of HSH group. Thought, water evaporation due to heat stress,
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positively related to water retention only during the first week of cadmium injected male rats 
have observed a remarkable decrease in urinary sodium and potassium only during the first three days 

of cadmium exposure. However, in the present study these two electrolytes were unchanged after one week of 
xposure, a result which could be in line with [39].  

 
Variation of serum potassium concentration (X±SD) of rats exposed to HS and Cd for 1 week

 
Variation of serum calcium concentration (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 

HS-Cd), calcium level has recorded a significant drop, where it nearly followed the 
same trend as that of HSH group. Thought, water evaporation due to heat stress, and the hyper
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d male rats [39]. Moreover, the 
have observed a remarkable decrease in urinary sodium and potassium only during the first three days 

of cadmium exposure. However, in the present study these two electrolytes were unchanged after one week of 

. 

exposed to HS and Cd for 1 week 

. 

xposed to HS and Cd for 1 week 

Cd), calcium level has recorded a significant drop, where it nearly followed the 
and the hypercalcuria provoked by 

HS-Cd

HS-Cd
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cadmium intoxication, might contribute in such diminution
contraction and participates more in muscle weakness and rat fatigue.  
 
Furthermore, in this study, the combined 
concentrations. Accordingly, sodium retention is one of the known effects of cadmium on kidney functions, causing 
however high blood pressure [37]. 
lost via the sweat glands of the skin, which might led to more serum sodium retention.
 

Fig 06: Variation of red blood cell counts (X±SD) 
S: significant at

. 

Fig 07: Variation of hematocrit (X±SD) 
S: significant at

 
Concerning blood components, the HS
concentration has not been affected by the three treated groups 
to a shortage in oxygen needs, and that probably why 
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cadmium intoxication, might contribute in such diminution. However, hypocalcaemia might affect muscle 
contraction and participates more in muscle weakness and rat fatigue.   

Furthermore, in this study, the combined stress has made a noticeable elevation in serum sodium
concentrations. Accordingly, sodium retention is one of the known effects of cadmium on kidney functions, causing 

.  Hyperthermia could reduce urine volume, simply because most water is being 
lost via the sweat glands of the skin, which might led to more serum sodium retention. 

 
Variation of red blood cell counts (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 
 

 
Variation of hematocrit (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 

he HS-Cd has reduced red blood cell counts significantly, but 
has not been affected by the three treated groups after one week exposure. 

and that probably why animals were seen to have increased respiratory rate. 
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However, hypocalcaemia might affect muscle 

elevation in serum sodium and chlorine 
concentrations. Accordingly, sodium retention is one of the known effects of cadmium on kidney functions, causing 

simply because most water is being 

. 

xposed to HS and Cd for 1 week 

 

xposed to HS and Cd for 1 week 

significantly, but hemoglobin 
. The decrease in RBC leads 

animals were seen to have increased respiratory rate. 

HS-Cd

S

HS-Cd
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Hematocrit on the other hand was
combined group is in line with that of RBC
Respiratory rate was mentioned to increase in cattle during elevated temperature of up to 39 °C 
previous studies have observed a re
[41], for 21 days at 35-41 °C [42] and in lambs exposed to 9h/d for 17 days at 35 °C 
blood was found not to be responsible on the elevation of some serum indicators of humans exposed to heat stroke, 
at above 40 °C in Sahara desert, as it demonstrated by normal hematocrit level 
of cows was only observed after one day heat stress, but it was normal after a period of one week 
RBC number, hemoglobin level and hemato
°C during summer time [26].  
 

Fig 08: Variation of hemoglobin concentration (X±SD) 
  

Fig 9: Variation of white blood cell counts (X±SD) 
S: significant at
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on the other hand was altered in all treated groups. Accordingly, the decrease in hematocrit of 
is in line with that of RBC, which confirms the increasing needs of the 

Respiratory rate was mentioned to increase in cattle during elevated temperature of up to 39 °C 
a remarkable decrease in hematocrit of broiler birds put under 38 °C 

and in lambs exposed to 9h/d for 17 days at 35 °C [23]
be responsible on the elevation of some serum indicators of humans exposed to heat stroke, 

in Sahara desert, as it demonstrated by normal hematocrit level [30]. Also 
after one day heat stress, but it was normal after a period of one week 

, hemoglobin level and hematocrit have been increased in crossbreed cattle under heat stress of up to 42 

 
Variation of hemoglobin concentration (X±SD) of rats exposed to HS and Cd for 1 week

 
Variation of white blood cell counts (X±SD) of rats exposed to HS and Cd for 1 week

S: significant at p<0.05 level when compared to the control. 
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crease in hematocrit of the 
the increasing needs of the body to oxygen demands. 

Respiratory rate was mentioned to increase in cattle during elevated temperature of up to 39 °C [40]. Moreover, 
of broiler birds put under 38 °C for three hours 

[23]. Even though, dehydrated 
be responsible on the elevation of some serum indicators of humans exposed to heat stroke, 

Also blood hemoconcentration 
after one day heat stress, but it was normal after a period of one week [43]. Beyond that, 

crit have been increased in crossbreed cattle under heat stress of up to 42 

. 

exposed to HS and Cd for 1 week 

. 

xposed to HS and Cd for 1 week 

HS-Cd

HS-Cd
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In this study animals in all groups were possibly hydrated during the exposure, and the observed elevated water 
consumption throughout the experiment may confirm that. As a result, the decreased hematocrit is likely to come 
from blood hemodilution. Furthermore, the observed decrease of hematocrit is likely to come from the disturbances 
of red blood cell turnover. Cadmium was reported to decrease the hematocrit level and provoke splenomegaly 5 
days after injecting 1mg cadmium to male rats [44], to cause anemia [45] or to have no effect on hemoglobin and 
hematocrit levels after eight weeks exposure [46].     
 
White blood cell counts were significantly decreased only in the combined stress, which is an indication of the 
immune system impairment. In view of that, crossbred cattle exposed to temperature of 32 °C for 21 days had lower 
white blood cell numbers [47]. Accordingly, leucocytes were remarkably reduced in growing females of New 
Zealand rabbits at 36 °C [25]. In rabbits, leukocyte counts were suppressed by Cd [48], but they were increased by 
Pb during two week treatment [49]. Physiological impairments were reported in rats exposed to cadmium [50] and 
in farmers working in greenhouses in which they have been exposed to continuous combined stress of 
environmental temperature and pesticides’ pollution [51]. In reality, biota is under exposure to many stressors, 
including global warming and industrial pollution, and human activities are the main causes of these changes [52]. 
Such change might affect environmental health deeply and in some cases without return.   

 
CONCLUSION 

 
In conclusion, biological markers of rats have been altered by environmental stressors, especially when exposed to 
the combined treatment of heat and cadmium.  
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