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Abstract: Aim — The present study was aimed to measure some hemato-biochemical parameters of male Sprague-Dawley rats co-exposed
to different levels of heat stress and Trichloroethylene (TCE) exposure.

Methods — All male rats were randomly divided into nine equal groups of 5 animals each. They were exposed to heat stress and TCE
vapors in a subacute manner (8 hr/day for 10 days) according to experimental design. Blood samples were taken from the heart of all
animals at the end of the 10th day of exposure. Hematology and biochemical parameters were determined using the automated
hematology analyzer and an automated biochemistry, respectively.

Results — The values of WBC, RBC and HB significantly decreased after co-exposure 250 ppm TCE and extreme heat stress; although, this
exposure condition lead to statistically significant increase in mean levels of MCV, RDW, ALP, CPK and LDH. Our findings indicated that
there were the subtractive and independent interactions for the hematological parameters and the additive, subtractive and independent
interactions for biochemical parameters based on the exposure level to trichloroethylene and heat stress.

Conclusion — Heat stress may increase sensitivity of workers to trichloroethylene and the simultaneous effects of exposure provide the

circumstances for the occurrence of a variety of disorders.
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Introduction

Trichloroethylene (TCE) is one of the best-
known solvents for industrial cleaning and degreasing operations
and it has been estimated that more than 3.5 million individuals
are exposed to trichloroethylene annually [1]. Previous studies
have found that trichloroethylene adversely effects the immune
system, liver, kidney, and some hematological parameters [1].
Ramdhan et al. (2010) also reported that exposure to
trichloroethylene can lead to the increased plasma activity of
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) in all mouse lines [2]. It is well recognized that some hemato-
biochemical parameters can be affected by heat stress [3]. In this
regard, Srikandakumar et al. (2003) reported creatinine
phosphokinase (CPK) and AST have been decreased in sheep
subjected to the heat stress which adicted the observations of
Gattani et al. (2016) who reported the increased mean values of
AST and ALT as well as increase of hemoglobin (Hb) concentration,
red blood cells (RBCs), and packed cell volume (PCV) in adult
turkeys during summer season under arid tropical environment [4,
5]. According to Norloei et al. (2017), a positive relationship was
found between the variations of some hematological parameters
and Wet Bulb Globe Temperature (WBGT) index among workers
engaged in a foundry and metal melting plant [6].

Over a century, it has been recognized that the physiological
responses due to heat stress can be intensified by environmental
toxicant exposure [7]. The physiological responses to chemical
exposure, heat stress or the combination of the two stressors can
be a change in absorption, distribution, metabolism and excretion
processes of toxicants caused by altering core body temperature
[7]. Reduction in core temperature (i.e., hypothermia) due to the
thermoregulatory response to heat stress and many chemicals
may be related to the delayed clearance of most toxicants from
the body [7]. Under heat stress, several physiological mechanisms
like increases in sweat rate and skin blood flow are activated which
can result in greater uptake of chemical compounds [8].

There are a variety of workplace environments such as foundry
and metal forming industries, paint and resin industries and brake
pad manufacturers, predisposing workers to the combination of
heat and trichloroethylene exposure; provided that literature is so
incomplete with respect to variability of hematology and
biochemical parameters in response with different exposure levels
to heat stress and trichloroethylene vapors. The present study was
aimed to measure some hemato-biochemical responses of male
Sprague-Dawley rats co-exposed to different levels of heat and
trichloroethylene, under controlled laboratory conditions.
The results from this study can potentially help in furtherance of
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researchin a particular field of knowledge and can be a
guidance in administering the workplace health promotion
program for this kind of exposures.

Material and Methods
Animals

Male Sprague-Dawley rats between250 and 300
g body weight and male rats at 10-12 wk. of age were purchased
from Animal House of Shiraz University of Medical Sciences and
served as blood donors. They had been fed with normal rat diet
(Rodent Cubes, Allied Cooperative Feed and Livestock Services,
Larestan) and drank tap water ad lib. Animals were housed in a
controlled environment with a 12 h light/dark cycle (light on at 7
a.m. and light off at 7 p.m.), constant air temperature (23+1°C) and
relative humidity (35-40%).

Exposure chamber

A rectangular chamber sized 35x40x70 cm was designed to
measure the effects of co-exposure to heat stress and
trichloroethylene vapors on the rats (Figure 1). The chamber had a
stainless steel (8-mil) frame covered with insulating glass or acrylic
double glazing made up of 2 panes of glass separated by a vacuum.
A Hi-Tec HI-AH26 (Canada) cool and warm mist humidifier was
provided for controlling temperature and humidity. Wet

Bulb Globe Temperature (WBGT) as a more accurate index to
assess heat stress was measured using two WBGT heat stress
meters (Sper Scientific, Model 800036; China) [9]. Air temperature
and relative humidity were measured by a digital thermometer
and hygrometer (Super Digital Timer, DTB-8MA; Iran). X-fans
(RDM4010S1 40x40x10mm) were installed throughout the
chamber for regulating airflow of trichloroethylene vapor,
controlling temperature, compensating for pressure drops and
making uniform air flow distribution.
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Figure 1. Exposure chamber.
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Figure 2. Generation of specific concentration of trichloroethylene vapor using the evaporation method.
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Tablel. Experimental design of the study

Group Trichloroethylene (ppm) WBGT (°C)
1(Control) 0 23+1
2 100 23+1
3 250 23+1
4 0 29+1
5 0 33+1
6 100 29+1
7 100 33+1
8 250 29+1
9 250 33+1

Table 2. Interactions between trichloroethylene and thermal stress

Type of interaction Numerical example
Independent interactions* 2+4=4
Subtractive or divisive interactions (antagonism) 0+3=1

2+4=3

- 444=0
Additive interactions 2+4=6
Potentiation** 0+3=9
Multiplicative interactions (synergism) 2+4=25

* The interaction is equal to the largest single effect; ** The number O
indicates absorption, but no toxic effect.

Production of fixed concentration of TCE vapors

Trichloroethylene (purity 99%) was provided by the
Japan Association for Hygiene of Chlorinated Solvents. In order to
achieve specific concentrations of trichloroethylene vapors,
dynamic generation system based on evaporation method was
used [10]. The technique is based on passing a pure diluting gas
close to the surface and inside the liquid trichloroethylene (air was
blown in a 250 ml midget impinger). In the literature, it is
suggested that the flow rate of the diluting gas should be sufficient
low in order to ensure that the gas concentration reaches the state
of saturation [11]. A system of flow regulators is ordinarily used to
measure the flow rate. A schematic diagram of the apparatus for
the generation of fixed concentration of trichloroethylene vapors
by an evaporation method is shown in Figure 2.

Experimental Protocol

The design of the experiment is shown in Table 1. The animals
were acclimatized for 10 days prior to the experiment. Then, all
the male rats were randomly divided into nine equal groups of 5
animals each. They were exposed to heat stress and TCE vapors in
a subacute manner (8 hr/day for 10 days) according to
experimental design.

Inhalation exposure to trichloroethylene

Exposure by inhalation was selected as a mainroute of
chemical absorption at workplaces in comparison with the
ingestion and dermal route. The target concentrations of
trichloroethylene were set at 100 ppm based on Permissible
Exposure Limits of Occupational Safety and Health Administration,
and at 250 ppm as an induction of the severe halation exposure
[12]. Trichloroethylene concentrations in the chamber were
measured every 15 min by gas chromatography (SCION 456-GC;
United Kingdom) and controlled to within +1% of the target
concentration.

Exposure to heat stress

The values of WBGT (heat stress index) were set at 23 + 1°C as
heat comfort range, 29+1°C based on OSHA guideline for
moderate work load with 75% work- 25% rest regimen, and
33+1°C as an induction of extreme heat stress [12]. The different
groups of rats were subjected to the stressor from 8:00 to 16:00
according experimental protocol. During the experiments, air
temperature and relative humidity can be lowered or raised within
the range of 25-40 °C and 40-60 %, respectively.

Simultaneous exposure to trichloroethylene and heat stress

As can be seen in Table 1, four groups (No. 6, 7, 8 and 9)
experienced the simultaneous exposure to trichloroethylene and
heat stress. There was the heat comfort condition for the Groups
1, 2 and 3. Type of interactions between trichloroethylene and
heat stress can be expressed mathematically according to Table 2
[13].

Determination of hemato-biochemical parameters

Blood samples were taken from the heart of all animals at the
end of the 10th day of exposure. HB, RBC, WBC, HCT, MCV and PLT
were determined using the automated hematology analyzer
(Nihon Kohden Celltac alpha MEK-6400, Japan). The remaining
blood was transferred to polypropylene microtest tubes and
centrifuged for 10 min at 3,000 revolutions per minute for
separating the serum. The AST, ALT, BT and BD, ALP, LDH and CPK
were measured by using an automated biochemistry analyzer
(Roche Diagnostics, Cobas Mira; United States) according to the
manufacturer’s protocol.

Statistical Analysis

Statistical data analysis was performed with SPSS Version 22.0
software. Data was presented as means with the standard
deviation (SD). The Independent t-test and analysis of variance
(ANOVA) was applied to compare the means of hemato-
biochemical parameters between the different studied groups. A
bivariate correlation will be conducted to assess the relationship
between TCE and heat stress exposure and values of the studied
parameters. Evaluations for interactions were statistically
calculated by the method previously described by Winder & Stacy
(2004), based on an ANOVA test [14]. Statistical interaction is
present on the independent scale when the sum of the effects of
the individual factors is similar to the single effects of the factors.
In the subtractive or divisive interactions (antagonism), the effect
of co-exposure is actually less than the sum of the effect of the
two factors taken independently of each other. In the interaction
on an additive scale, the effect of two factor is equal to the sum of
the effect of the factors taken separately. When interaction
between two agents resulting in a toxic response significantly
greater than the sum of individual responses to each and control
group, the interaction called potentiation; but with the proviso
that one of the factors should not have a significant difference
with the control group. Where the effects multiply, the interaction
is called synergism and the effect may be many more times than
can be predicted by the individual effects and control group. The
level of significance at 0.05 was considered to be statistically
significant.
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Table 3. Hemato-biochemical responses to interaction of trichloroethylene (concentration 100 ppm) and heat stress (WBGT=29+1°C)

Hemato-Biochemical Control group (N=5) Exposed group (N=5)

Parameters 0 ppm /23+1°C 100 ppm 29+1°C 100 ppm /29+1°C Interaction
WBC (103/pl) 8.94+1.29 11.52+41.55* 6.00+1.01* 6.98+1.25* Subtractive
RBC (108/ul) 8.99+0.20 8.33+0.39* 8.51+0.17* 8.04+0.41* Subtractive
HB (g/dl) 16.04+0.40 14.66+1.11* 15.16+0.41* 15.86+0.58 Independent
HCT (%) 46.92+1.03 43.50+2.98* 44.32+1.55% 44.92+1.46 Independent
MCV (fl) 52.20+1.09 52.20+2.04 52+1.58 56+1.22* Independent
PLT (103/ul) 727.20%+45.10 841.20+50* 668.40+41.60 564.2+41.70* Subtractive
RDW (%) 14.72+0.45 15.06%1.25 14.9+1.01 14.98+1.05 Independent
AST (1U/1) 211.20433.10 207.60+50.10 262.60+51.50 249.20+42.50 Independent
ALT (1U/1) 44.80+5.06 76.60+6.04* 71.00+7.59* 77.245.88* Independent
ALP (1U/1) 206.60+£13.95 558.00+23.16* 298.00+32.86* 744.2+38.00* Additive
BT (mg/dl) 0.90+0.14 0.86+0.16 0.91+0.19 0.92+0.16 Independent
BD (mg/dl) 0.25+0.09 0.24+0.09 0.22+0.03 0.2940.05 Independent
CPK (1U/1) 1258+76.22 2019.40+84.2* 1690+65.7* 4011.20497.70* Additive
LDH (1U/1) 2735.8+88.32 2626.20+79.90 4076+81.10* 3540+74.60* Subtractive

* Mean difference of variable between control and case group is statistically significant. WBC, White blood cell; RBC, Red blood cell; HB, Hemoglobin; HCT,
Hematocrit; MCV, Mean corpuscular volume; PLT, Platelet count; RDW, Red cell distribution width; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; ALP, Alkaline phosphatase; BT, Bilirubin total; BD, Bilirubin direct; CPK, Creatinine phosphokinase; LDH, Lactate dehydrogenase.

Table 4. Hemato-biochemical responses to interaction of trichloroethylene (concentration 100 ppm) and heat stress (WBGT=331°C)
Hemato-Biochemical Control group (N=5) Exposed group (N=5)

Parameters 0 ppm /23%1°C 100 ppm 33+1°C 100 ppm /33+1°C Interaction
WBC (103/pl) 8.94+1.29 11.52+41.55%* 5.98+1.63* 4.761.82* Subtractive
RBC (108/pl) 8.9940.20 8.3310.39* 9.0410.48 7.82+0.82* Subtractive
HB (g/dl) 16.04+0.40 14.66+1.11* 17+ 0.49* 14.24+0.48* Subtractive
HCT (%) 46.92+1.03 43.5+2.98* 51.66+1.15* 40.67+1.15* Subtractive
MCV (fl) 52.20+1.09 52.20+2.04 57.00+2.00* 54.20+2.96 Subtractive
PLT (103/ul) 727.20+45.10 841.20+50* 669.60+46.20 549+49.20* Subtractive
RDW (%) 14.72+0.45 15.06%1.25 14.86+1.04 16.76+1.84* Independent
AST (1U/1) 211.20433.10 207.60+50.10 326.20+69.90* 209.20+4.20 Subtractive
ALT (1U/1) 44.80+5.06 76.616.04* 77.2048.09* 86.80+5.09* Independent
ALP (1U/1) 206.60+13.95 558.0+23.16* 321.80+18.58* 630.20+19.65* Additive
BT (mg/dl) 0.9040.14 0.86%0.16 1.01+0.22 0.80+ 0.00 Subtractive
BD (mg/dl) 0.25+0.09 0.24+0.09 0.28+0.10 0.2610.05 Independent
CPK (1U/1) 1258+76.22 2019.40+84.2* 3300+ 80.82* 2912.40+75.83* Subtractive
LDH (1U/1) 2735.80+88.32 2626.20+79.90 3752+ 82.89* 4390+ 80.45* Additive

* Mean difference of variable between control and case group is statistically significant. WBC, White blood cell; RBC, Red blood cell; HB, Hemoglobin; HCT,
Hematocrit; MCV, Mean corpuscular volume; PLT, Platelet count; RDW, Red cell distribution width; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; ALP, Alkaline phosphatase; BT, Bilirubin total; BD, Bilirubin direct; CPK, Creatinine phosphokinase; LDH, Lactate dehydrogenase.

Table 5. Hemato-biochemical responses to interaction of trichloroethylene (concentration 250 ppm) and heat stress (WBGT=29+1°C)
Control group (N=5) Exposed group (N=>5)

Hemato-Biochemical

Parameters 0 ppm /23+1°C 250 ppm 29+1°C 250 ppm /29+1°C Interaction
WBC (103/ul) 8.94+1.29 13.10+1.11* 6.00+1.01%* 6.60+1.20* Subtractive
RBC (108/ul) 8.99+0.20 8.29+0.38* 8.51+0.17* 8.24+0.35* Independent
HB (g/dl) 16.04+0.40 15.38+0.46* 15.16+0.41* 15.44+0.45 Independent
HCT (%) 46.92+1.03 43.76+1.73* 44.3241.55* 46.10+1.05 Independent
MCV (fl) 52.20+1.09 52.80+0.83 52.00+1.58 54.80+1.92* Independent
PLT (103/ul) 727.20+45.10 596.60+49.90* 668.40+41.60 659.60+44.30* Independent
RDW (%) 14.72+0.45 14.6610.76 14.9+1.01 16.80+1.11* Independent
AST (1U/1) 211.204£33.10 183.60+£14.80 262.60£51.50 299.20429.00* Independent
ALT (1U/1) 44.80+5.06 85.40+17.30* 71.004£7.59* 75.004£27.27* Independent
ALP (1U/1) 206.60£13.95 630.80+31.78* 298+32.86* 753.804+31.65* Additive
BT (mg/dl) 0.90+0.14 0.74+0.05* 0.91+0.19 1+0.33 Independent
BD (mg/dl) 0.25+0.09 0.19+0.06 0.22+0.03 0.24+0.01 Independent
CPK (1U/1) 1258+76.22 1292+40.73 1690465.70* 2960161.51* Additive
LDH (1U/1) 2735.80+88.32 1810+34.67* 4076+81.10* 7862+65.14* Additive

* Mean difference of variable between control and case group is statistically significant. WBC, White blood cell; RBC, Red blood cell; HB, Hemoglobin; HCT,
Hematocrit; MCV, Mean corpuscular volume; PLT, Platelet count; RDW, Red cell distribution width; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; ALP, Alkaline phosphatase; BT, Bilirubin total; BD, Bilirubin direct; CPK, Creatinine phosphokinase; LDH, Lactate dehydrogenase.

© 2021, LLC Science and Innovations, Saratov, Russia WwWw.romj.org



)
W ISSN 2304-3415, Russian Open Medical Journal

DOI: 10.15275/rusom|.2021.0405

2021. Volume 10. Issue 4 (December). Article CID e0405

50f9

Hygiene and Environmental Health

Table 6. Hemato-biochemical responses to interaction of trichloroethylene (concentration 250 ppm) and heat stress (WBGT =33+1°C)

Hemato-Biochemical Control group (N=5)

Exposed group (N=5)

Parameters 0 ppm /23+1°C 250 ppm 33+1°C 250 ppm/33+1°C Interaction

WBC (103/pl) 8.94+1.29 13.1041.11* 5.98+1.63* 4.98+1.08* Subtractive

RBC (108/ul) 8.99+0.20 8.29+0.38* 9.04+0.48 8.28+0.48* Subtractive

HB (g/dl) 16.04+0.40 15.38+0.46* 17.0+0.49* 15.28+0.68* Subtractive

HCT (%) 46.92+1.03 43.76+1.73* 51.66+1.15* 45.36+1.50 Subtractive

MCV (fl) 52.20+1.09 52.80+0.83 57+2%* 54.80+1.92* Subtractive

PLT (103/ul) 727.20%+45.10 596.60+49.90* 669.60+46.20 765.20+41.90 Independent
RDW (%) 14.72+0.45 14.66+0.76 14.86+1.04 16.78+1.92* Independent
AST (1U/1) 211.20+33.10 183.60+14.80 326.20+ 69.90* 233.40+43.00 Subtractive

ALT (1U/1) 44.80+5.06 85.40+17.30%* 77.20+8.09* 56.20+15.73 Subtractive

ALP (1U/1) 206.60+13.95 630.80+31.78* 321.80+18.58* 662.60+31.72* Independent
BT (mg/dl) 0.90+0.14 0.74+0.05* 1.01+0.22 0.80+0.13 Subtractive

BD (mg/dl) 0.25+0.09 0.19+0.06 0.28+0.10 0.21+0.09 Subtractive

CPK (1U/1) 1258+76.22 1292+40.73 3300+80.82* 3376+59.56* Independent
LDH (1U/1) 2735.80+88.32 1810434.67* 3752+ 82.89* 6067.20+78.66* Additive

* Mean difference of variable between control and case group is statistically significant. WBC, White blood cell; RBC, Red blood cell; HB, Hemoglobin; HCT,
Hematocrit; MCV, Mean corpuscular volume; PLT, Platelet count; RDW, Red cell distribution width; AST, Aspartate aminotransferase; ALT, Alanine
aminotransferase; ALP, Alkaline phosphatase; BT, Bilirubin total; BD, Bilirubin direct; CPK, Creatinine phosphokinase; LDH, Lactate dehydrogenase.

Results

The observations showed that the 8-hour exposure to extreme
heat stress resulted in pronounced signs such as high body
temperature, rapid and shallow breathing and reduction in body
weight. The data resulting from hemato-biochemical responses of
studied rats to co-exposure to trichloroethylene 100 ppm and
WBGT 29+1°C was presented in Table 3. Mean blood WBC, PLT,
ALT, ALP and CPK increased significantly in all the groups exposed
to TCE 100 ppm as compared to the control group (P<0.01), but
there was a significant decrease for parameters RBC, HB and HCT
(P<0.01). Heat exposure (WBGT 29%1°C) significantly resulted in a
decrease in the levels of WBC, RBC, HB and HCT; although the
raised levels of ALT, ALP, CPK and LDH were observed among rats
exposed to the heat stress compared to the control group
(P<0.01). The values of MCV, ALT, ALP, CPK and LDH significantly
increased during the simultaneous exposure of rats to permissible
heat stress (29+1°C) and trichloroethylene 100 ppm. Our results
demonstrate an additive effect of these stressors in rats on value
of CPK and ALP. Our results point to a subtractive or divisive effect
of co-exposure of heat stress and trichloroethylene on WBC, RBC,
PLT and LDH values. Moreover, the interaction of heat stress and
trichloroethylene exposure for 10 consecutive days resulted in an
independent effect in case of other hemato-biochemical
parameters.

Table 4 shows the comparison result of the mean values of
hemato-biochemical parameters between exposed and control
groups after heat exposure to WBGT 33+1°C. The extreme heat
stress significantly caused an increase in blood HB, HCT, MCV, AST,
ALT, ALP, CPK and LDH of the exposed group compared to control
group (P<0.001). Statistical analysis by independent sample t-test
indicated the significant difference between WBC levels in the
control group (8.94+1.29 103/ul) with those values (5.98+1.63
103/ul) in rats exposed to extreme heat stress (P<0.01). The rats
exposed concomitantly to heat stress (WBGT=33%x1°C) and
trichloroethylene (concentration 100 ppm) had a significantly
increase in levels of biochemical parameters including ALT, ALP,
CPK and LDH compared to those values in control group (P<0.001).
The current study found that co-exposure to extreme heat stress
and TCE caused the lower levels of hematological parameters such
as WBC, RBC, HB, HCT and PLT in the exposed group in comparison
with the rat with comfort heat condition of WBGT 23£1°C and no

exposure to TCE (P<0.01). These results suggest that the joint
effects of co-exposure of the trichloroethylene and heat stress on
ALP and LDH can be an additive interaction.

Another interrelation of simultaneous exposure to comfort
and permissible heat stress and high concentrations of
trichloroethylene (250 ppm) is presented Table 5. Rats exposed to
250 ppm TCE showed a significant decrease in levels of RBC, HB,
HCT, PLT, BT and LDH and a significant increase in levels of WBC,
ALT and ALP (P<0.001). The simultaneous exposure to 250 ppm
concentration of TCE and WBGT 29%1°C induced a significant
decrease in mean levels of WBC, RBC and PLT and also produced a
statistically significant increase in mean levels of hemato-
biochemical such as MCV, RDW, AST, ALT, ALP, CPK and LDH
(P<0.001).

As can be seen in Table 6, the co-exposure to trichloroethylene
(concentration 250 ppm) and heat stress (WBGT =29+1°C) lead to
the additive interaction for levels of ALP, CPK and LDH,
respectively.

Assessing the hemato-biochemical responses to interaction of
high concentration trichloroethylene (250 ppm) and extreme heat
stress (WBGT=33+1°C) (Table 6) was revealed that there is the
additive interaction for LDH. The values of WBC, RBC and HB
significantly decreased after co-exposure 250 ppm TCE and
extreme heat stress; although, this exposure condition lead to
statistically significant increase in mean levels of MCV, RDW, ALP,
CPK and LDH.

Discussion

To the best of our knowledge, the present study was the first
one to report the effect of in vivo co-exposure to trichloroethylene
and heat stress on hemato-biochemical parameters in adult male
Sprague-Dawley rats. In the study, WBC levels were significantly
lower in the rats exposed to heat stress. Also, a negative
relationship was found between the WBGT index and WBC value
(R=-0.52, P<0.05). These results are consistent with the study by
Norloei et al. 2017, who reported that heat stress is able to
decrease the number of WBC 6. Also, Ondruska et al. 2011, noted
that exposure to elevated levels of ambient temperature (363 °C)
decreased the number of WBCs of New Zealand white females
growing rabbits [15]. Lowered WBC counts in humans and rats may
imply lowered stem cell proliferation rates in the bone marrow. It
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tempted us to formulate a hypothesis that lowered cellular
proliferation rates may be a common physiological characteristic
in both rats and humans after increase in temperature [16].

Animals exposed to 100 and 250 ppm TCE had statistically
significant increases in WBC levels compared to the controls. WBCs
are the cells of the immune system that are involved in protecting
the body against both infectious disease and foreign invaders. It
may indicate that rats exposed to trichloroethylene levels enhance
susceptibility to infection and that the immune system is working
to destroy it. These findings are consistent with the data reported
by Liu. 2009, who noted that the WBC levels were more than
normal range in patients for whom trichloroethylene is used as the
detergent to clean metal surface [17].

Hemato-biochemical analysis of blood indicated co-exposure
to heat stress and TCE caused statistically significant decrease in
total white blood cell. Based on these results, the joint effects of
co-exposure of the trichloroethylene and heat stress on WBC
levels is a subtractive interaction. Some studies have reported that
exposure to high ambient temperature modifies various
components of immune function such as T cell counts and
lymphocyte a form of small leucocyte (white blood cell)
proliferation [18]. Animal studies also suggest that at relatively
high doses, and in one specific mouse model of systemic
autoimmunity, exposure to trichloroethylene can induce an
autoimmune syndrome which destroy WBCs or bone marrow cells
[19]. This condition, also known as leukopenia, can have important
effects on toxicological decision making, since WBC is a valuable
indicator of immunocompetence, infection, and inflammation and
can places animals and individuals at increased risk of infection.
The low WBC counts as a result of such interactions may be due to
immune system problems which destroy bone marrow cells.
Consistent evidence existed to suggest that dichloroacetic acid
(DCA) as metabolite of trichloroethylene could cause DNA damage
(DNA unwinding) in studies in vivo in bone marrow and blood
leukocytes in animals. Thus, heat stress increases sensitivity of
WBCs to trichloroethylene and the simultaneous effects of
exposure provide the circumstances for the occurrence of a variety
of diseases [19].

Similar to WBC, we did observe heat exposure (WBGT 29+1°C)
significantly resulted in a decrease in the RBC counts and HB and
HCT levels. According to a study by Seley (1960), heat stress in
mammals may decreased the level of adrenocorticotropic
hormone (ACTH) in the blood, which might then result in
decreases in RBC counts and HB concentration [20].

The extreme heat stress (WBGT 33+1°C) significantly caused an
increase in blood HB and HCT of the exposed group compared to
control group. This increase of HB and HCT levels can be due to the
nutrient availability for HB synthesis because of consuming more
food by rats or decreasing voluntary intake under sub-acute
exposure to heat [21].

The present study also evaluated hematotoxicity potential of
trichloroethylene on RBC, HB and HCT. Mean blood of those
parameters decreased significantly in all the groups exposed to
trichloroethylene as compared to the control group. The
mechanism of these changes are not presently known. Mild
macrocytic anemia has been observed in some workers
occupationally exposed to trichloroethylene which may be a
reason for the effect of this solvent on the bone marrow and cause
disorder [22].

The interaction of trichloroethylene and heat stress on RBC,
HB and HCT was mostly subtractive. The mechanism of these
changes are not presently known. Unfortunately, there were no
available satisfy data from the literature concluded clinical
condition of the effects of co-exposure of heat stress and
trichloroethylene in the RBC count and HB and HCT levels, but a
subtractive effect can be a dangerous situation for these
parameters.

Based on findings, the interaction of trichloroethylene (100
ppm) and heat stress on PLT levels was subtractive or divisive
(antagonism) scale, however there was an independent interaction
for 250 ppm groups. Very few studies have addressed the effects
of simultaneous occupational exposure to heat stress and
trichloroethylene on the PLT levels. There are no reports from such
studies conducted on laboratory animals. PLTs stop bleeding by
clumping and forming plugs in blood vessel injuries.
Thrombocytopenia (a condition in which body have a low blood
platelet count) often occurs as a result of a separate disorder, such
as anemia, bone marrow disorders or an immune system problem.
Zhang et al. (2012) observed that serum levels of both I1gG and IgM
were significantly decreased in  workers exposed to
trichloroethylene levels below 12 ppm, the median exposure level
[23]. These results provide further evidence that trichloroethylene
is immunotoxic at relatively low exposure levels. Also, evidence-
based results show that heat stress creates a greater threat to
immune function in comparison with thermo-neutral conditions
[24].

Observed values of enzymes AST, ALT, and ALP were higher in
rats exposed to heat stress compared to control group. Results
showed that the sub-acute heat exposure can increase the levels
of liver enzymes AST, ALT, and ALP which are consistent with much
of the prior research indicated that the AST and ALP values for
Beetal and Toggenburg goats between hot and cold seasons are
considerably different [5]. Our results are consistent with the
hypothesis that liver function is reduced at warmer environmental
temperatures. Evidence from pharmacology science has
demonstrated that toxicity increases with elevated temperatures
[25]. Our data suggest that even sub-acute exposures to heat
stress could significantly impair liver function and potentially the
detoxification capacity of the male Sprague-Dawley rats. In acute
hepatocellular injury, serum AST levels usually rise immediately,
reaching a higher level than ALT initially, due to the higher activity
of AST in hepatocytes and its release with liver injury. Within 24 to
48 hours, particularly if ongoing damage occurs, ALT will become
higher than AST, because of its longer plasma half-life. In chronic
hepatocellular injury, ALT is more commonly elevated than AST
[26].

After inhalation exposure to the trichloroethylene, only ALT,
ALP and CPK showed an increased value among the studied
biochemical parameters. These findings are in agreement with
Kumar et al. (2001), who showed a significant increase in all tested
serum liver enzymes (ALP, GGTP and ALT) comparing to control
group after 1 and 3 days’ post trichloroethylene injection [27].

Our results demonstrate an additive interaction between
exposure to trichloroethylene and heat stress for ALP enzyme in
rats. Rats exposed to trichloroethylene and heat stress have a
higher risk of increasing ALP level than those only exposed to one
stressor (either trichloroethylene or heat stress alone). As
previously mentioned, the co-exposure to trichloroethylene and
heat stress lead to the subtractive or independent interaction for
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levels of AST and ALT, but there was an additive effect for ALP
enzyme. Therefore, this interaction can't be due to the effect of
simultaneous exposure on the liver.

Based on present study and other researches, the exposure to
heat stress caused to increase the level of CPK enzymes [28].
These findings are in agreement with those obtained by Hubbard
et al. 1979, indicating a significant increase in rat’s blood CPK
during 24 and 96 h exposure to heat [29]. This may be because the
prolonged heat exposure affected the muscles, causing muscle
infarction as well as its fatigue.

Serum level of CPK enzymes increased significantly in all the
groups exposed to TCE 100 ppm as compared to the control group.
It was also observed the values of CPK increased during the
exposure of rats to trichloroethylene 250 ppm, although it did not
reach a level of statistical significance. It has been considered that
the increase of CPK activity has some relations with the diseases of
voluntary muscle and membrane permeability in those muscles
[30].

Interestingly, except for extreme heat stress (WBGT=33°C), all
other combinations of concentrations of trichloroethylene (2100
PPM) and heat stress (WBGT=29+1°C) after 8 h exposure indicating
a very severe additive effect for value of CPK in rats (see Table
3&5). Clinically, high levels of CPK in the blood may be an
indication of damage to CPK-rich tissue such as in rhabdomyolysis
(severe muscle breakdown), muscular dystrophy, autoimmune
myositides, and kidney injury which as mentioned previously all
are related to the destructive effects of trichloroethylene or heat
stress [31].

But with increasing heat stress (WBGT>33°C), their additive
effects decreased for those value (see Table 4&6). These results
suggest that concentrations of trichloroethylene act additively to
harmful effects of heat stress for value of CPK up to certain level
limit. After the permissible limit, these may work antagonistically
or independently with trichloroethylene. CPK catalyzes the
conversion of creatine and utilizes adenosine triphosphate (ATP)
to create phosphocreatine (PCr) and adenosine diphosphate
(ADP). PCr serves as an energy reservoir for the rapid buffering and
regeneration of ATP in situ, as well as for intracellular energy
transport by the PCr shuttle or circuit [32]. Thus CPK is an
important enzyme in such tissues and the antagonistic effects of
trichloroethylene and extreme heat stress (WBGT=233°C) may
reduce the body's energy resources.

The present experiment confirms evidence presented earlier in
that high temperature caused increased LDH activities of broilers
in the in vitro and in vivo systems [33]. LDH is an enzyme involved
in energy production that is found in almost all of the body's cells,
with the highest levels found in the cells of the heart, liver,
muscles, and kidney and in blood cells. When illness or injury
damages cells, LDH may be released into the bloodstream, causing
the level of LDH in blood to rise [34]. Several studies have also
demonstrated correlation between heart, liver [35], kidney and
blood disorders with heat [36]. Thus, high levels of LDH indicate
some form of tissue damage [6].

We found rats exposed to 250 ppm TCE showed a significant
decrease in levels of LDH. These findings are in agreement with
Cummings et al. (2000), who reported trichloroethylene caused
modest cytotoxicity in freshly isolated human proximal tubular
(hPT) cells, as assessed by significant decreases in LDH activity
after 1 hr of exposure to 500 uM trichloroethylene [36]. It should
be noted that decrease in total LDH activity, rather than LDH

release, was used as an index of cytotoxicity, because
trichloroethylene was found to inhibit LDH activity in hPT cells.

The most striking result to emerge from the data is that
combined exposure to trichloroethylene and heat stress have
induced additive effect on LDH enzyme. But, comfort
environmental temperatures, up to WBGT=29°C, and lower
solvent concentrations caused antagonism effect in the serum LDH
levels. Present research was the first to report those effects, but a
number of studies have demonstrated the relationship between
LDH enzyme levels and co exposure to ambient temperatures and
inorganic compounds.

Conclusion

Our findings indicated that there were the subtractive
(antagonism) and independent interactions for the hematological
parameters and the additive, subtractive and independent
interactions for biochemical parameters based on the exposure
level to trichloroethylene and heat stress. However, the single
effects of heat stress and TCE exposure on the hemato-
biochemical parameters could be completely different from the
effects of simultaneous exposures to these stressors.
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