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Abstract: The present in vivo murine study was aimed to investigate the long-term effect of repeated administration of 

low-dose of the environmental toxicant trichloroethane (TCE) over three weeks on the spleen and peripheral blood cells, and the 

possible role of oxidative stress in TCE-induced toxicity. The results showed neither adverse clinical signs nor mortality on the 

TCE-treated mice. However, significant changes were noticed in the spleen of those animals. Grossly, the spleen of TCE-treated 

group was congested and enlarged (splenomegaly). Histpathologically, the splenic tissues of TCE-treated mice showed signs of 

toxicity as highly activated germinal centers of the white pulp with minimal apoptotic reaction as well as a prominent 

megakarocytosis and infiltration of the red pulp by comparatively increased number of eosinophiIs and mature lymphocytes were 

detected. In addition, lymphocyte numbers were decreased in peripheral blood as well as basophils. In contrast, there was an 

increase in monocyte numbers in the peripheral circulation. In addition, lipid peroxidation/ malondialdehyde formation, a 

biomarker of oxidative stress, was significantly induced by TCE treatment in the sera and spleen of mice, suggesting an overall 

increase in oxidative stress. These results provide further support to a role of oxidative stress in TCE-induced cell death, which 

could result in an impaired spleen function. This study concludes that attenuation of TCE-induced splenic damage in mice 

provides an approach for preventive and/or therapeutic strategies. 
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1. Introduction 

In recent years, the extensive use of chemicals has been 

criticized due to their persistence in the environment and 

their accumulation in the living tissues of organisms. 

Evaluating the toxicity of chemicals, such as cadmium, 

mercury, bisphenol A (BPA), dioxin, and trichloroethane 

(TCE), is one of the most concerned issues in the modern 

society. Some of these toxicants show immediate impact 

while others can result in subtle alterations that are delayed 

in their expression [1]. TCE, an ubiquitous environmental 

toxicant, is a volatile organic solvent that has been used in 

large quantities as a dissolvent, metal degreaser, chemical 

intermediate, and component of consumer products [1-2]. 

Originally produced as a safer alternative to other 

chlorinated solvents, the TCEʹs acute and chronic toxicities 

are relatively low. However, there is a risk of toxic impacts to 

those that encounter TCE in high concentrations in the 

workplace or recreationally abuse the solvent [2-3]. It has 

been reported that severe exposures of humans to TCE have 

resulted in sensitization of the heart to epinephrine-induced 

arrhythmias and mild hepatorenal impacts [3], but the central 

nervous system (CNS) is considered the principal target. 

Acute exposures to volunteers have produced impaired 
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performance in tests of manual dexterity, eye hand 

coordination, perceptual speed, and reaction time [2, 4]. The 

spleen contains vascular and lymphoid elements and is a site 

of hematopoiesis and removal of affected, degenerated and 

aged red blood cells as well as particulate materials and 

circulating bacteria from the blood supply [5]. The spleen is 

a site of direct and indirect toxicity, a target for some 

carcinogens and also a site for metastasis of malignant 

neoplasms arising in other sites [5]. 

Spleen function can be affected through several cellular and 

molecular mechanisms. Numerous studies have suggested 

oxidative alterations in splenocytes such as mitochondrial 

dysfunction, membrane injury, and denaturation of DNA and 

other cell components [6]. Reactive oxygen species (ROS) 

formation, such as the superoxide anion O2
-
 and hydroxyl 

radicals (HO
-
) can lead to altered in the enzyme activity, 

decreased DNA repair, impaired utilization of oxygen, 

glutathione depletion, and lipid peroxidation. Some of these 

alterations induced by oxidative stress have been recognized 

to be characteristic features of necrosis [7-8]. Furthermore, 

pathological studies have involved the oxidative stress as a 

cause of cell death [6]. ROS have been involved in the 

pathogenesis of autoimmune diseases via dysregulation of 

immune function, autoantigen production through oxidative 

modification and induction of autoantibody formation [9-10]. 

A variety of ROS-mediated modifications of proteins have 

been reported in various diseases [1, 11]. Increasing evidence 

suggests that those ROS-modified proteins, such as carbonyls 

and lipid peroxidation-derived aldehydes (LPDA), including 

malondialdehyde (MDA) and 4-hydroxynonenal 

(HNE)-protein adducts, may elicit an autoimmune response 

and contribute to disease pathogenesis [12]. Indeed, higher 

levels of MDA-/HNE-modified proteins and protein carbonyls 

have been seen in autoimmune disease patients [12-13], 

illustrating a role for these oxidatively modified proteins in 

autoimmune diseases. Oxidative stress can affect cell integrity 

only when antioxidant mechanisms are no longer able to cope 

with free radical generation. 

To the best of our knowledge, until now there are few 

studies investigating the impact of TCE exposure on splenic 

tissues. Therefore, the main aim of this study was to 

investigate the long-term impact of low-dose exposure to TCE 

on the splenic tissues and the peripheral blood components in 

mice. 

2. Materials and Methods 

2.1. Animals and Housing 

A total of twenty four female Albino mice aged between 4-6 

weeks with a weight range of 21–24 g, were used in this study. 

Mice were kept under a constant light-dark cycle (dark period 

from 7: 00 pm to 7: 00 am) at 24 ± 1°C and 55 ± 5% relative 

humidity. Food and drinking water were available ad libitum. 

All efforts were made to minimize the pain during animal 

handling and experimentation and to reduce the number of 

animals used. Animals were bred and experimentation was 

carried out in the animal house of Zoology Department at 

Faculty of Science, University of Tripoli, Libya. 

2.2. Experimental Design 

Animals were divided into four groups of six mice each. 

These groups were: 100 µg/kg TCE-treated group, 400 µg/kg 

TCE-treated group, sham control group, and vehicle control 

group. TCE (Baxter International) was dissolved in corn oil 

and administered to mice intraperitoneally with repeated 

doses of either 100 or 400 µg/kg (twice weekly for three 

weeks). The doses were calculated according to the mice body 

weight and delivered in 80-100µl of corn oil [1, 14]. TCE 

doses were selected as they considered safe by Environmental 

Protection Agency (EPA) [15]. Mice serving as vehicle 

received corn oil only, while the sham control group has not 

received any treatment. 

2.3. Clinical Assessment 

During the course of the exposure period, mice were 

observed for any abnormal clinical signs or behavior that may 

result from toxicity. Mice were assessed for morbidity and 

mortality twice a day, at midmorning and late afternoon. Night 

deaths were to be recorded the next morning and two 

independent observers were available to confirm the cause of 

death to exclude TCE-nonrelated mortality. 

2.4. Tissue Processing and Histopathology 

The spleens were firstly immediately preserved in 10% 

formalin following their removal at necropsy for one hour to 

reverse the shrinkage that had been caused by the high 

concentration of formalin. Histological slides were prepared 

as previously standardized in our laboratory and described by 

[16]. The splenic tissues were dehydrated in an ascending 

grade of isopropyl alcohol by overnight immersion in 80% 

and 100% isopropyl alcohol for one hour. The dehydrated 

tissues were cleared in two changes of xylene for one hour 

each. The wax-impregnated tissues were embedded in paraffin 

blocks using wax of the same grade. The paraffin blocks were 

mounted and cut with a rotary microtome at a three-micron 

thickness. The sections were floated in a tissue floatation bath 

at 40°C and placed on glass slides that were smeared with 

equal parts of egg albumin and glycerol. The sections were 

then melted in an incubator at 60°C for five minutes and 

allowed to cool. Then, the sections were deparaffinized by 

immersion in xylene for ten minutes in a horizontal staining jar. 

The deparaffinized sections were washed in 100% isopropyl 

alcohol and stained in Ehrlich’s hematoxylin for eight minutes 

in a horizontal staining jar. After staining with hematoxylin, 

the sections were washed in tap water and dipped in acid 

alcohol (8.3% HCl in 70% alcohol) to remove the excess stain. 

The sections were then placed in running tap water for 10 

minutes to promote bluing (slow alkalization). Then, the 

sections were counter-stained in 1% aqueous eosin (1g in 

100ml tap water) for one minute, and the excess stain was 

washed in tap water before the sections were dried. The 

complete dehydration of the stained sections was achieved by 
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placing them in an incubator at 60°C for five minutes. When 

the sections were cooled, they were mounted in DPX mount, 

which has the optical index of glass; the sections were wetted 

in xylene and inverted onto the mount and then placed on the 

cover slip for microscopic examination. 

The spleen architecture was observed and imaged using a 

low-power objective under a light microscope (Leica, 

Germany). All histological assessments were investigated in a 

blinded fashion by two investigators. 

2.5. Peripheral Blood Sampling 

After three weeks of TCE treatment, the control and treated 

animals were euthanized under anesthesia (Nembutal, Sodium 

Pentobarbital, Sigma), and blood was withdrawn from the 

inferior vena cava. Sera from mice, obtained following blood 

clotting and centrifugation, were stored in small aliquots at − 

20°C until further analysis.  

2.6. Peripheral Blood Leukocyte Count 

Leukocytes (white blood cells; WBCs) were counted as 

previously described [17] on a blood film from control and 

TCE-treated mice. The blood film was left to dry in air for 5 

minutes. The blood film was stained by covering the dry blood 

film with drops of Giemsa stain for 15 minutes. The slides 

were washed several times with tap water and then the blood 

film was dried in air. The slides were mounted with Canada 

balsam. Differential leukocytic count was performed under 

the high power of the microscope (Leica, Germany) field by 

field. 

2.7. Lipid Peroxidation (MDA) Measurment 

Lipid peroxidation level was determined 

spectrophotometrically as a concentration of final lipid 

peroxidation products, which in reaction with thiobarbituric 

acid (TBA) form colour complex (thiobarbituric acid-reactive 

substances, TBARS) 

2.7.1. Estimation of TBARS in Spleen Homogenate 

The supernatant of spleen homogenate (10% W/V in 

Phosphate buffered saline) (1.0 ml) was added to 2 ml of (1: 1: 

1 ratio) TCA-TBA HCL reagent (thioarbituric acid 0.37%, 

0.24 N HCL and 15% TCA) and then boiled at 100℃ for 15 

minutes, and allowed to cool. After centrifugation at 3000 rpm 

for 10 minutes, the supernatant was removed and the 

absorbance was read at 532 nm. The calibration curve was 

obtained using different concentrations of 1, 1, 3, 

3-tetramethoxypropane as standard to determine the 

concentration of TBA-MDA adducts in samples as nmol/ml 

[18]. 

2.7.2. Estimation of TBARS in the Sera 

0.5 ml of the sample was mixed with 2.5 ml of TCA 20% 

(m/V) in order to precipitate the serum proteins and then the 

mixture was centrifuged at 1500 × g for 10 min. After that, 2 

ml TBA (0.2 %) and 2.5 ml of sulfuric acid (0.05 M) was 

added to the sediment, shaken, and incubated for 30 min in a 

boiling water bath. Then, 4 ml n-butanol was added, and the 

solution was centrifuged, cooled and the absorption of 

supernatant was obtained using spectrophotometer at 532 nm. 

The calibration curve was obtained using different 

concentrations of 1, 1, 3, 3-tetramethoxypropane as standard 

to determine the concentration of TBARS in samples as 

nmol/ml [18-19]. 

2.8. Statistics 

Statistical significance was determined using analysis of 

variance or t-test, as appropriate (SPSS, version 20). Data are 

presented as means ± SEM. 

3. Results 

3.1. TCE Has not Induced an Acute Fatal Toxicity 

By the daily clinical follow-up of the mice in this study, no 

mortality has been recorded among mice in all groups along 

the course of the experiment, except for one death case 

belonged to 400 µg/kg TCE-treated group recorded four 

weeks post-treatment, and no signs of acute toxicity have been 

noticed.  

3.2. TCE Induced a Splenomegaly and Increased Numbers 

of Infiltrating Lymphocytes and Apoptotic Events in 

Splenic Tissues 

To investigate whether the early exposure to low-dose of 

TCE affects the spleen, the later of all mice in the different 

groups has been examined grossly and histpathologically.  

3.2.1. Gross Pathology 

At necropsy, no gross pathological changes have been 

noticed on control groups. However, a congested and enlarged 

spleen (splenomegaly) was seen in several TCE-treated mice 

(Figure 1). Sections from different parts of spleens were 

submitted to histopathological examination. 

 

Figure 1. Representative pictures of gross appearance of spleen. A. Spleen of 

control mice with normal size and bright color. B. Congested and enlarged 

spleen (splenomegaly) of TCE-treated mice. 

3.2.2. Histopathological Changes of Splenic Tissues 

Histopathological examination showed that there was no 

histopathological changes in the spleen of sham controls 

(Figure 2); the spleens of control animals showed normal 

morphologic white and red pulp structures except for some 

apoptotic lymphocytes (pyknotic lymphocytes) in the 

germinal centers and mildly activated megakaryocytes 
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represented in increased numbers and the presence of 

primitive cells. The red pulp was infiltrated by mature 

lymphocytes and a few eosinophiles. The results also showed 

there is a mild apoptotic changes (Figure 2, A and B).  

The histopathological examination of splenic tissues of 100 

µg/kg TCE-treated mice showed moderate megakaryocytosis 

and infiltration of the red pulp by moderate number of mature 

lymphocytes and eosinophiles (Figure 2C). There were also 

mild apoptotic changes in the germinal centers of the white 

pulp. In addition, the walls of the central arterioles were 

ruptured and showed increasingly narrow lumens. 

The histopathological changes caused by TCE treatment 

were remarkably increased in mice treated with 400 µg/kg of 

TCE (Figure 2D) as highly activated germinal centers of the 

white pulp with minimal apoptotic reaction as well as a 

prominent megakarocytosis and infiltration of the red pulp by 

comparatively increased number of eosinophiles and mature 

lymphocytes were detected (Figure 2D). Furthermore, a 

histocytosis represented by a focal replacement of the red pulp, 

and parts of the white pulp, by increased number of 

macrophages was seen. Multi-focal hemorrhages were also 

detected in the red pulp (Figure 2D). 

 

Figure 2. Representative splenic sections of control and TCE-treated mice 

(H&E staining). A. A normal morphologic tissue architecture of white and red 

pulp with minimal apoptotic changes in some of the lymphocytes of germinal 

center in a sham control (100X). Apoptotic changes in some lymphocytes of 

the germinal center of the white pulp of a sham control (arrows). B. Activated 

germinal center with prominent mantile and peripheral zone cells (T 

lymphocytes) in a vehicle control (arrows) (100X). A moderate 

megakarocytosis and infiltration of moderate number of mature lymphocytes 

and few eosinophiles in the red pulp of a vehicle control (arrows). C. Splenic 

tissues of a 100 µg/kg TCE-treated mouse showing highly activated germinal 

center of the white pulp with minimal apoptotic reaction (arrows) (100X). An 

infiltration of the red pulp by moderate number of mature lymphocytes and 

eosinophiles in a 100 µg/kg TCE-treated mouse (arrows) (100X). D. Splenic 

tissues of a 400 µg/kg TCE-treated mice showing focal hemorrhage (arrows) 

(100X). Congestion, prominent megakarocytosis and infiltration of the red 

pulp by a comparatively increased number of eosinophiles and mature 

lymphocytes in a 400 µg/kg TCE-treated mice (arrows). 

3.3. The Impact of TCE on Peripheral Blood Cellular 

Components 

Further investigation of the impact of TCE was involved the 

cellular components of the peripheral blood through a 

differential cell count. The results have revealed a 

non-significant decrease in the total leukocyte (WBC) counts 

in 100 µg/kg TCE-treated mice (39.44 ± 2.79) compared to 

control (P = 0.416; 47.67 ± 8.09; Figure 3A). However, such a 

decrease was significant for the 400 µg/kg TCE-treated mice 

(P = 0.015 vs control; 22 ± 4.16; Figure 3A) comparing to 

controls. 

Moreover, there was also a reduction in the counts of 

lymphocytes and basophils in the 100 µg/kg and 400 µg/kg 

TCE-treated groups compared to control (Figure 3B and C). In 

contrast, the results showed a significant increase in the 

monocyte count in the 100 µg/kg and 400 µg/kg TCE-treated 

mice compared to control (P < 0.05; Figure 3B and C). The 

quantitative analysis revealed that the percent of monocytes 

was higher in TCE-treated groups compared to controls. 

Although there were no significant differences (P > 0.05) in 

the percent of monocytes between TCE-treated groups and 

controls, the percentage of monocyte increased by up to 

1.16-fold (25.52 ± 1.09%) and 1.17-fold (25.69 ± 4.22%) in 

100 µg/kg and 400 µg/kg TCE-treated mice respectively, 

compared to controls (21.93 ± 81%; Figure 3D). Moreover, 

TCE treatment had no effect on the counts of neutrophils and 

eosinophiIs (data not shown). 

 

Figure 3. Changes in peripheral blood cellular counts due to repeated 

exposure to a low-dose of TCE over 3 weeks. A. Total leukocyte count in 

different mice groups. B. The parentage of lymphocyte in the peripheral blood 

film of different groups. C. The parentage of basophils in the peripheral blood 

film of different groups. D. The parentage of monocytes in the peripheral 

blood film of different groups. Values are appeared as means ± SEM. #*P < 

0.05. # vs controls; * vs 100 µg/kg TCE. 
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3.4. TCE Increases Lipid Peroxidation in the Serum 

TCE has been shown to generate free radicals and induce 

oxidative stress both in-vivo and in-vitro [1]. To evaluate the 

role of lipid peroxidation in TCE-induced toxicity, the serum 

levels of MDA in mice treated with TCE were determined 

(Figure 4). Lipid peroxidation (malondialdehyde; MDA) is a 

marker of oxidative lipid damage and a major oxidative 

product of peroxidized polyunsaturated fatty acids [19]. The 

results showed that serum MDA levels were significantly 

increased in the TCE-treated mice when compared with those 

in controls, with the highest levels recorded in the 400 µg/kg 

TCE-treated mice (Figure 4A). In addition, vehicle had no 

effect on the MDA levels when applied under normoxic 

condition (data not shown). 

Since TCE-induced increases in MDA levels in the sera of 

TCE-treated mice, it was of interest to obtain further 

evidence for the involvement of oxidative lipid marker MDA 

in TCE-mediated splenic toxicity. Therefore, and due to the 

paucity of the biological material, the formation of MDA in 

the spleen homogenates of TCE-treated and controls mice in 

one experiment was also quantified. The results showed that 

TCE treatment led to a significant increase in the formation 

of MDA in the spleen of TCE-treated mice comparing to the 

controls (Figure 4B). 

 

Figure 4. Changes of the levels of MDA due to TCE treatment. A. Levels of 

MDA (nmol/ml) in the sera of the different groups. B. Levels of MDA (nmol/ml) 

in the spleen homogenates of the different groups in a single experiment. The 

values are means ± SEM. *P < 0.05 vs. controls; #P < 0.05 vs. TCE-treated 

mice. 

4. Discussion 

It has been reported that the environmental chemical 

exposure can cause serious detrimental impacts on different 

biological systems [1, 20-26]. TCE is a non carcinogenic 

according to the last update of U. S Environmental Protection 

Agency (EPA) and the National Toxicology Program (NTP) 

technical reports [27-28], as there is no inadequate evidence 

for its carcinogenicity in both human and animal models. In 

addition, according to a WHO toxicological report, TCE is not 

considered as toxic compound [29]. However, the Agency for 

Toxic Substances and Disease Registry (ATSDR) indicated 

that TCE affects many internal organs within the 

cardiovascular and the nervous systems [30]. Despite the TCE 

safe profile claimed in the aforementioned reports, TCE 

toxicity was documented by several studies in many animal 

models [31-34]. Moreover, prior studies have reported that 

perinatal exposure to TCE affects the development of the brain, 

liver, adipose tissue and adversely affects their functions in 

animals [1, 21-25]. However, based on the best of the author's 

knowledge, no study had focused on the long-term impact of 

low-dose TCE exposure on the mouse spleen. Thus, this study 

was designed to explore the possible hazardous impacts of the 

exposure to environmentally relevant levels of TCE on splenic 

cytoarchitecture and peripheral blood cells at later life using a 

mouse model. The administration of TCE safe-considered 

doses to mice was through intraperitoneal injection. This 

mode of exposure has never been reported previously but the 

advantage of such exposure is to put the toxic chemical in 

close contact with the target cells and avoid rapid 

bio-elimination of TCE, which is two hours [35]. In-vivo 

experimental studies are crucial to evaluate environmental 

chemicals with adverse risk to health at birth or later in life. 

The in-vivo study of the toxicity of chemicals is of great 

importance because animal systems are extremely 

complicated, and the interaction of chemical compounds with 

biological components could lead to unique biodistribution, 

clearance, immune responses and metabolism. 

In the present study, we showed that the early exposure to 

TCE can induce serious splenic toxicity and subsequent 

splenocyte death. The results also demonstrated that oxidative 

stress as a potential mechanism mediating splenocyte cell 

death. We sought to use a combination of techniques to obtain 

morphological and biochemical evidence for oxidative stress 

and apoptosis. Although other forms of cell death might have 

occurred, our data suggest that oxidative stress may contribute 

to the loss of splenocytes after TCE induced spleen injury. 

The spleen contains hematopoietic and lymphoid elements, 

is a primary site of extramedullary hematopoiesis, removal of 

degenerated and aged red blood cells as well as particulate 

materials and circulating bacteria from the blood supply [5]. 

Lesions of this important component of the immune system 

may center on the red pulp, the white pulp or involve both 

compartments. The spleen is a site of direct and indirect 

toxicity, a target for some carcinogens, and also a site for 

metastatic neoplasia. Many systemic or generalized diseases 

have a splenic involvement [5]. Therefore, the pathological 

conditions interfering with the normal spleen physiology 

might result in impaired immune performance. Our data show 

that the spleens of mice treated with TCE showed many 

changes that may be due to the toxicity of TCE. Such changes 

included lymphocyte depletion in the white pulp associated 

with many aggregates of pyknotic cells. In addition, the walls 

of the central arterioles ruptured and showed increasingly 

narrow lumens. Major changes in the red pulp included 

increases in the numbers of macrophages, neutrophils and 

nests of pyknotic cells. The detection of pyknosis in the spleen 

may be related to an increase in T cell susceptibility to 

apoptosis, which may be an important mechanism of 

autoimmune diseases and immune senescence [36]. 

This study showed that TCE exposure could induce a 

splenomegaly, an enlargement in the spleen, highly likely due 

to an inflammatory process. Histpathologically, TCE exposure 

A B

0

5

10

15

##

###

TCE (µµµµg/kg)

 Sham    100     400

M
D

A
 (

n
m

o
l/
m

l)

0.0

1.5

3.0

TCE (µµµµg/kg)

 Sham    100     400

M
D

A
 (

n
m

o
l/
m

l)



6 Massaud S. Maamar et al.:  Oxidative Stress Mediated Cytotoxicity of Trichloroethane in a Model of Murine Splenic Injury  

 

was associated with tissue changes in the spleens of mice 

treated with 100 µg/kg and 400 µg/kg of TCE which could be 

considered as a direct splenic toxicity due to TCE, as such 

changes have not been noticed in control mice. Similar spleen 

changes were previously reported [37], and all of these 

changes may be attributed to a loss of infiltration efficiency. 

The detection of pyknosis in the spleen may be related to an 

increase in T cell susceptibility to apoptosis, which may be an 

important mechanism of autoimmune diseases and immune 

senescence [36]. The TCE-treated mice had a significant 

increase in the number of apoptotic splenocytes while controls 

had only rare apoptotic cells. A limitation of this study is that 

the cell death mechanism/s triggered by TCE is/are not 

explored. A splenocyte cell death was viewed to occur by 

either apoptosis or necrosis following spleen injury [6]. 

Growing evidence from the increasing understanding of the 

biochemical and molecular mechanisms implicated in cell 

demise has provided an expanding view of various modes of 

cell death that can be triggered during both acute and chronic 

damage such as necroptosis, pyroptosis, and autophagic cell 

death [6]. However, the complexity of assessing the 

predominant mechanism of cell death during specific spleen 

damage in either humans or experimental in-vivo models is 

highlighted by the fact that, in many instances, there is 

significant crosstalk and overlap between the different cell 

death pathways [38]. 

Spleen function can be affected through several cellular and 

molecular mechanisms. Numerous studies have suggested 

oxidative alterations in splenocytes such as mitochondrial 

dysfunction, membrane injury, and denaturation of DNA and 

other cell components [6]. ROS formation, such as the 

superoxide anion O2
-
 and hydroxyl radicals (HO

-
) can lead to 

altered enzyme activity, decreased DNA repair, impaired 

utilization of oxygen, glutathione depletion, and lipid 

peroxidation. Some of these alterations induced by oxidative 

stress have been recognized to be characteristic features of 

necrosis [7-8]. Furthermore, pathological studies have 

involved the oxidative stress as a cause of cell death [6]. ROSs 

have been involved in the pathogenesis of autoimmune 

diseases via dysregulation of immune function, autoantigen 

production through oxidative modification and induction of 

autoantibody formation [9-10]. A variety of ROS-mediated 

modifications of proteins have been reported in various 

diseases [1, 11]. Increasing evidence suggests that those 

ROS-modified proteins such as protein carbonyls and lipid 

peroxidation-derived aldehydes [LPDAs, including 

malondialdehyde (MDA) and 4-hydroxynonenal 

(HNE)]-protein adducts may elicit an autoimmune response 

and contribute to disease pathogenesis [12]. Indeed higher 

levels of MDA-/HNE-modified proteins and protein carbonyls 

have been seen in autoimmune disease patients [12-13], 

illustrating a role for these oxidatively modified proteins in 

autoimmune diseases. Oxidative stress can affect cell integrity 

only when antioxidant mechanisms are no longer able to cope 

with free radical generation. 

To further support these findings and offer new mechanistic 

evidence for the role of oxidative stress in TCE-induced 

toxicity, we first examined the markers of oxidative stress in 

the sera of TCE-treated mice. TCE-treated mice showed a 

significant increase in the serum MDA level compared to 

untreated controls. TCE insult also led to an increased 

formation of MDA in spleen cells, where TCE could generate 

free radicals and induce autoimmune disorders [1, 23]. The 

kinetics of the immune responses is largely orchestrated by the 

cellular peripheral blood components. The first and often most 

important response to infectious agents is non-specific 

immunity. This includes the soluble and cellular factors of 

acute inflammation, various serum proteins such as 

complement proteins and circulating and tissue phagocytes 

[39]. The primary function of leukocytes is defense against 

foreign bodies, which is achieved by leukocytosis and 

antibody production. 

In this study, we found that the total WBC count was 

reduced in the peripheral blood of TCE-treated mice which 

could be attributed to their recruitment in the extra-vascular 

ongoing inflammatory reaction. This observation was not 

consistent with previous study [40]. In current study, we have 

also found that TCE treatment has induced an increase in 

monocyte counts in the peripheral circulation. However, such 

increase could be due to the escape of another cell component 

like lymphocytes from the circulation as a response to an 

extra-vascular inflammatory process. 

In conclusion, the current study indicates that early 

exposure to low-dose of TCE could cause a serious damage to 

the mouse spleen and changes of relative counts of peripheral 

blood cells. Further studies focused on the potential pathways 

mediating splenocyte death and the effect of such damage on 

the number and the characteristics of circulating cells in the 

peripheral blood circulation should be performed in order to 

determine the mechanism(s) by which TCE inducing splenic 

toxicity/ damage and its biological consequences. 
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