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Abstract 

The chemicals benzene, toluene, ethylbenzene, and xylene (BTEX) are neurotoxic. Although health effects of 

the individual (BTEX) chemicals are generally well described, relatively less is known on the toxicity following 

the exposures to “whole” mixtures. In the present study, the chronic toxicity of BTEX mixture following 90 days 

of consecutive oral exposure and the protective effect of citicoline was investigated in male rats. Doses for the 

BTEX mixture were selected based on the no observed adverse effect level NOAEL, as determined in previous 

animal toxicity studies for each compound. A total of 64 rats were divided in four equal groups of 16 male rats 

each. Rats in G1were the control. Rats in G2 were gavaged with BTEX mixture at doses of 600 mg/kg. Rats in 

G3 were exposed to BTEX mixture at 600 mg/kg in combination with citicoline 500 mg/kg orally. Rats in G4 

were treated with citicoline at 500 mg/kg only. All treatments were conducted 7 days/per week for 90-day oral 

exposure. Histopathological changes in the brain, liver and kidney and caspase-3-activity in brain stained slides 

were evaluated in this study. Rats treated with BTEX showed histopathological alteration such as microgliosis in 

the brain with sever degenerative changes in the liver and kidney and marked increase of caspase-3 activity in 

the brain. Rats treated with BTEX and citicoline showed improvement in brain, liver architecture and kidney and 
marked decrease in the brain positive caspase-3 activity.  

In conclusion, the results showed that the safe level (NOAEL) of BTEX compound individually, can produce a 

significant adverse effect when administrated as a mixture in male rats. The results also indicated that citicoline 

treatment can protect against BTEX induced toxicity in male rats.  
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Introduction 

          Exposure to the volatile organic compounds (VOCs) benzene, toluene, ethylbenzene, 

and xylene (BTEX) in the environment poses the greatest risk on the health of human and 

animals (18) . The volatile organic chemicals (VOCs) benzene, toluene, ethylbenzene, and 

three isomers of xylene (p-xylene, m-xylene, and o-xylene), commonly known as BTEX, are 

found in almost every contaminated environment (6,31). These chemically similar molecules 

are the main elements of crude oil, ingredients of petroleum products including gasoline, jet 

fuels, coal and kerosene and can also be found in automotive exhaust, cigarette smoke, 

solvents in paints and coatings. Oil spills, discharges from petroleum businesses, and engine 

combustion are frequently linked to extensive contamination of BTEX compounds in the 

environment (31,4).The BTEX compounds are all highly flammable (16). The BTEX group is 

well-recognized for its poisonous, mutagenic, and carcinogenic effects, particularly in an 

indoor work setting where these compounds disposed frequently (34). The US Environmental 

Protection Agency (U.S. EPA) has classed BTEX, as a major pollutant. BTEX mixture 

exposure has the potential to cause intensive hazard to public health in any region (37). BTEX 

(benzene, toluene, ethylbenzene, and xylene) and other aromatic hydrocarbons which are the 
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most common components of gasoline and diesel engine emissions (23), have also been found 

to be persistent in the air and easily transferred into natural water bodies during rainfalls 

(20,29). At hazardous waste sites, benzene, toluene, ethylbenzene, and xylenes are regularly 

mixed. Exposure to each of the constituent compounds has been studied, but there are no 

studies that directly address exposure to "total" BTEX mixture. The primary objective of this 

study is to evaluate data on the toxicity of the "whole" mixture in order to recommend 

approaches for assessing the potential environmental hazard of benzene, toluene, 

ethylbenzene, and xylenes (BTEX). Contamination of groundwater and subsurface soil with 

BTEX might result in these chemicals  entering basements as soil gas. Benzene is a well-

known industrial chemical and contaminant that enters the environment through the 

combustion of fossil fuels, motor vehicle exhaust, forest fires, and other combustion 

processes. Long-term benzene exposure causes a decrease in bone marrow cellularity, which 

looks to eventually lead to aplastic anemia and acute myelogenous leukemia development and 

cognitive damage. Toluene is a volatile organic compound (VOC) that is commonly 

employed in industrial settings and has been linked to a number of health problems, Acute 

exposure to toluene vapors and other VOCs has been demonstrated to be particularly harmful 

to the neurological and cardiovascular systems (10). Chronic ethylbenzene exposure has been 

linked to negative effects on the respiratory system and kidneys (7). Xylene, or dimethyl 

benzene C6H4 (CH3)2 including the three isomers of xylene (p-xylene, m-xylene, and o-

xylene) is one of the BTEX compounds that is widely used for the manufacture of ethyl 

benzene, polyester, and plastics as well as can be used as a solvent in paints or varnishes. 

Toxicity studies showed that exposure to mixed xylene or their individual isomers for short 

period can cause irritation of the nose, eyes and throat and can lead to neurological, 

gastrointestinal and reproductive damage. Moreover, exposure to xylene for long period may 

cause harmful effects on respiratory system, central nervous system, cardio-vascular system, 

and renal system. The toxicity of each BTEX compound including the three isomers of xylene 

are well-known in animals and human (38). However, there were no studies that looked 

specifically at the effects of joint toxicity on the neurological system or discussed the non or 

carcinogenicity of entire BTEX mixture. Citicoline (cytidine diphosphocholine, CDP-choline) 

is neuroprotective medication that used to treat acute ischemic stroke, Alzheimer’s and 

Parkinson’s disease to promote learning and memory and improve cognitive impairment. 

Clinical studies suggest that citicoline is well absorbed and highly bioavailable via oral 

treatment. Further, citicoline is an exogenous source for acetylcholine, a neurotransmitter and 

a member of the group of molecules that involve in cellular metabolism known as nucleotide 

(25). In several animal models, citicoline has been shown to minimize the toxic effects of 

volatile organic compounds (VOCs) such as toluene (44). The purpose of this paper is to 

study the histopathological alterations following chronic oral administration of BETX mixture 

(benzene, toluene, ethylbenzene, and xylene) on male rat tissues (brain, liver and kidney) and 

to investigate the protective effects of citicoline against the mixture toxicity. 
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MATERIALS & METHODS 

Preparation of BTEX and citicoline dosages: 

Benzene, toluene, ethylbenzene and Xylene (m-xylene, o-xylene, p-xylene) (BTEX) 

chemicals with high purity [≥99.5%] were purchased from Thomas Baker (Chemicals) Pvt. 

Ltd/India. BTEX were prepared individually, then concentrations of each BTEX compound 

mixed with the solvent dimethyl sulfoxide (obtained from Chem-Lab NV/Belgium) to prepare 

the final mixture. The dosing solution of BTEX compound was prepared freshly at the time of 

the experiment and stored in clean amber glass. The BETX dose was calculated depending on 

the no-observed-adverse-effect level (NOAEL) that have been reported in the litterateur 

previously as shown in (Table 1). The final concentration of BTEX solution was 600 

mg/kg/B.W. Cytidine diphosphocholine (citicoline, somazina, 1000 mg/ml oral solution; 

Ferrer international SA, Barcelona, Spain) was used in this study. The Citicoline dose was 

calculated as 500 mg/kg/BW, administrated for animals once a day for 12 weeks. 

Table (1): The no-observed-adverse-effect level (NOAEL) in rats for BTEX mixture 

Material week NOAEL mg/kg Reference 

Benzene 17 100 (39) 

Toluene 13 225  (40) 

Ethylbenzene 13  75 (35) 

Xylene 12 200 (47) 

Total   600 mg/kg BW  

 

Design of the experiment 

Total of (64) male rats were divided randomly into four equal groups, (16) rats in each group 

(all treatments were done orally via stomach gavage once in a day). Animals in control group 

(G1) were dosed with distal water. The second group (G2) rats dosed with BTEX mixture 

(600 mg/kg/BW), while the animals in the third group (G3) were dosed with BTEX mixture 

and citicoline (500 mg/kg/BW). Animals in the fourth group G4 were dosed with citicoline 

(500 mg/kg/BW) only. All treatments were done 7 days/per week for 90-day oral exposure. 

The study Approved for Care and Use of Laboratory animals from the Ethics Committee in 

the Pathology Department/ Veterinary Medicine/ Baghdad University. 

 

Histological assessment  

For histopathological examination, brain, liver and kidney samples of all treated animals were 

dissected immediately after scarified. The tissues then fixed in 10% neutral-buffered formalin 

saline. All the organs after washing with tap water were dehydrated in ascending grades of 

alcohol, cleared in xylene and embedded in paraffin. Cut sections were stained with 

hematoxylin and eosin (H&E) for histopathological study (33).  

Immunohistochemistry for caspase-3 activity 

Immunohistochemistry study was performed with a mouse monoclonal caspase-3 antibody for 
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detection of the caspase-3 activity in the brain tissues. The paraffin sections of the selected 

specimen were heated in a microwave oven (25 min at 720W) to retrieval the antigen then 

incubated with anti-caspase (1: 50 dilution) overnight at 4°C, then washed with PBS, and 

incubated with biotinylated goat-anti-rabbit-immunoglobulin G secondary antibodies (1: 200 

dilution) and streptavidin/alkaline phosphatase complex  

(1: 200 dilution) for 30 min at room temperature. DAB was used to visualize the antibody 

binding locations. The samples were dehydrated by moving them  in ascending grades of 

ethanol solutions (30, 50, 70, 80, 95, and 100 percent ethanol) after being washed with PBS 

and counterstained with H&E for 2–3 minutes. After dehydration, the slices were soaked 

twice in xylene at room temperature for 5 minutes. The slices assessed evaluated by using a 

high-powered light microscope. 

 

THE RESULTS  

To investigate histopathological effects of BTEX mixture on rat's and the prevention effect of 

citicoline against the mixture toxicity, tissues sections from brain, liver and kidney were 

examined microscopically to determine any changes following BTEX toxicity. The 

histopathological sections of the brain showed that treated rats with distilled water (G1) 

served as a negative control have no abnormal structures or noticeable lesions (Figure 1- A). 

However, animals in G2 that administrated BTEX mixture 600 mg/kg/B.W. showed 

remarkable lesions in comparison with the control group G1. Congestion of the meninges in 

rats treated with BTEX mixture (12 weeks by oral gavage) (Figure 1-B) with mild focal 

inflammation within the meninges. All animals that treated with BTEX mixtures 600 

mg/kg/B.W. for 12 weeks showed remarkable microgliosis (increase number of the cells) in 

response to the BTEX toxicity (Figure 2-A) next to perineural edema (Figure 2-B). Figure 2-

A  showed perivascular spaces (Virchow–Robin spaces (VRS) and perineural edema in all 

brain sections from animals dosed with BTEX mixture. Moreover, (Figure 3-A) indicated 

neuron necrosis, neuronal edema and vacuolated neuropil (Figure 3-B). Figure 4 illustrated 

neuron swelling (neuronal body balloons), the degenerating neurons shows swollen cytoplasm 

and peripheral chromotalysis (Figure 4-A, B). Perineural satellitosis also seen represented by 

cluster of glial cells surrounding the cell body of neurons near degenerating neuron cell body 

(Figure 5-A, B). On the other hand, rats treated with citicoline following BTEX mixture (G3) 

showed lesions which can be described as less severity comparing the lesions that seen in 

BTEX group G2. The proliferation of the glial cells and chromatolysis of neuron cells 

noticeably decreased in comparison with G2 (Figure 6-A). Animals in G4 that treated with 

citicoline 500 mg/kg/B.W. showed no clear lesion comparing with G1, G2 and G3 (Figure 6-

B).  
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Figure (1): Histopathological sections of brain tissues in male rats from control group G1  (A) and treated group 

with BTEX mixtures 600 mg/kg/B.W. for 12 weeks G2 (B). (A): brain tissue shows normal structure of neuron 

cells. (B): congestion of the meninges with mild focal inflammation. H & E (A x40, B x40). 

 

 
Figure (2) : Histopathological sections of brain tissues in male rats treated with BTEX mixtures 600 

mg/kg/B.W. for 12 weeks G2 (A and B) (A): microgliosis (arrow) next to perineural edema (arrow head). Note 

the increase the number of elongated, irregular nuclei of typical microglial cells.  (B): perivascular spaces 

(Virchow–Robin spaces (VRS) (arrow). H & E (A x40, B x10). 

 

 
Figure (3) : Histopathological sections of brain tissues in male rats treated with BTEX mixtures 600 

mg/kg/B.W. for 12 weeks G2 (A and B) (A): neuron necrosis (arrow), and perivascular space (VRS) (arrow 

head). (B): : vacuolated neuropil (arrow) H & E (A x40, B x40). 
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Figure (4): Histopathological sections of brain tissues treated with BTEX mixture 600 mg/kg/B.W. G2 for 12 

weeks (A and B): shows neuron swelling (neuronal body balloons), the degenerating neurons shows swollen 

cytoplasm and peripheral chromotalysis (arrow) H & E, (A x10, B x40). 

 

 
Figure (5): Histopathological sections of brain tissues treated with BTEX mixture 600 mg/kg/B.W. G2 for 12 

weeks (A and B): shows perineural satellitosis represented by cluster of glial cells surrounding the cell body of 

neurons near degenerating neuron cell body (circles) H & E, (A x40, B x40). 

 

 
Figure (6): Histopathological sections of brain tissues treated with (A) BTEX mixture 600 mg/kg/B.W. and 

citicoline 500 mg/kg/B.W. G3 and (B) from rat treated with citicoline 500 mg/kg/B.W. G4 for 12 weeks (A and 

B):  (A) shows remarkable decrease in the proliferation of the glial cells (B) normal neuron cells H & E, (A 

x40& B x40). 

  

The histopathological sections of the liver showed that treated rats with distilled water (G1) 

served as a negative control have no abnormal structures or noticeable lesions (Figure 3-A). 

The liver loss its normal architecture following BTEX mixture 600 mg/kg/B.W. 
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administration orally after 12 weeks leading to significant lesions in comparison with the 

control group G1. (Figure 7-B) showed focal inflammation with marked vacuolation of the 

hepatocytes (Figure 8- A) (circle). Furthermore, severe congestion of portal vein (arrow) and 

degeneration of hepatocytes were seen (Figure 8-B). Significant disruption of the liver 

architecture hepatocyte with sinosidal diltation and congestion in rat treated with BTEX 

mixture G2. On the other hands, histopathological sections of liver tissue in male rats treated 

with BTEX mixture 600 mg/kg/B.W. and citicoline 500 mg/kg/B.W. G3 showed remarkable 

improvement in liver histological structure (Figure 9- A). Normal hepatocytes were seen 

without any degenerative changes. Central vein and sinusoids appears normal (Figure 9-A). 

Animals treated with citicoline 500 mg/kg/B.W. G4 alone revealed normal histological 

structure of the central vein and surrounding hepatocytes (Figure 9-B). 

 

 
Figure (7): Histopathological sections of liver tissue in male rats in control group G1 (A), histopathological 

sections of liver tissue in male rats treated with BTEX mixture 600 mg/kg/B.W. G2 for 12 weeks (B). A: shows 

normal histological structure of the central vein and surrounding hepatocytes, B: focal area of inflammatory cells 

infiltration (arrow) H & E (A x20, B x10). 

 

 

 
Figure (8): Histopathological sections of liver tissue in male rats treated with BTEX mixture 600 mg/kg/B.W. 

G2 for 12 weeks (A and B), (A): showed multipal areas shows cytoplasmic vaculation of hepatocytes represent 

sever degenerative changes (circle) and necrosis. (B): showed Blood vessel congestion (arrow head) with marked 

hepatocytic degeneratration (circle) H & E (A x40, B x40). 
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Figure (9): Histopathological sections of liver tissue in male rats BTEX mixture 600 mg/kg/B.W. and citicoline 

500 mg/kg/B.W. G3 (A and B) in male rats treated with citicoline 500 mg/kg/B.W. G4 alone. (A): shows 

improvement in liver architecture, the hepatocyte appears normal, (B): shows normal histological structure of the 

central vein and surrounding hepatocytes H & E (A x20 and B x10). 

 

The histopathological sections of the kidney showed that treated rats with distilled water (G1) 

served as a negative control have no abnormal structures or noticeable lesions (Figure 10-A). 

Histopathological sections of kidney tissue in male rats treated with BTEX mixture 600 

mg/kg/B.W. G2 for 12 weeks indicated significant lesions. Interstitial hemorrhage, congested 

blood vessels, renal tubules cloudy swelling and segmented glomeruli were detected mostly in 

all experimental rats with BTEX dosed. Detached epithelium lining, increase Bowman space 

and retraction of capillary tufts with segmented glomeruli were noted in designated animals in 

G2 (Figure 10-B). Moreover, hyaline cast formation in the renal tubules was observed (Figure 

11-A). In addition, focal areas of mononuclear cells infiltrations with tubules desquamation of 

its epithelial cells were seen (Figure 11-B).  

However, the histopathological sections of kidney tissue in male rats treated with BTEX 

mixture 600 mg/kg/B.W. and citicoline 500 mg/kg/B.W. G3 after 12 weeks revealed normal 

glomeruli and renal tubules structure (Figure 12-A). Furthermore, animals treated with 500 

mg/kg/B.W. of citicoline G4 (Figure 12-B) showed no clear lesion with normal 

morphological structure of kidney tissue. 

 

 
Figure (10): Histopathological sections of kidney tissue in male rats in control group G1 (A), histopathological 

sections of kidney tissue in male rats treated with BTEX mixture 600 mg/kg/B.W. G2 for 12 weeks (B). (A): 

histopathological sections of kideny tissue in male rats in control group G1 shows normal histological structure 

of the renal tubules and glomeruli. (B): increase Bowman space and retraction of capillary tufts (arrow), renal 

tubules shows cloudy swelling (star) and segmented glomeruli (arrow head) H & E, 

(A x20, B x20).  
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Figure (11): Histopathological sections of kidney tissue in male rats treated with BTEX mixture 600 

mg/kg/B.W. G2 for 12 weeks (A and B). (A): hyaline cast formation in the renal tubules (arrow), (B): focal areas 

of mononuclear cells infiltrations (arrow), some tubules shows desquamation of its epithelial cells (arrow head) 

H & E, (A x40, B x40). 

         

 
Figure (12): Histopathological sections of kidney tissue in male rats treated with BTEX mixture 600 

mg/kg/B.W. and citicoline 500 mg/kg/B.W. G3 (A) and histopathological sections of kidney tissue in male rat 

treated with citicoline 500 mg/kg/B.W. only G4 (B), (A): shows no clear lesion with normal morphological 

structure of kidney tissue (B): shows normal glomeruli and renal tubules structure. H & E, (A x20, B x20). 

 

Caspase-3 area activity in studied groups 

A photomicrograph of brain tissue sections stained immunohistochemically with caspase-3 

antibody revealed normal caspase-3 activity in control group G1(Figure 13-A-B). Rats treated 

with BTEX compounds 600 mg/kg B.W. G2 showed marked increase of caspase-3 activity 

when compared with normal reaction in control group G1(Figure 14 A-B). However, rats 

treated with BTEX mixture 600 mg/kg/B.W. and citicoline 500 mg/kg/B.W. G3 showed that 

positive caspase-3 activity is markedly decreased when compared with G2 (Figure 15-A). 

Rats treated with citicoline 500 mg/kg/B.W. G4 showed normal caspase-3 activity when 

compared with normal reaction in control group G1(Figure 15-B). 
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Figure (13): A photomicrograph of brain tissue sections stained immunohistochemically with caspase-3 

antibody (A-B control group), (A-B): normal caspase-3 activity in control group 

 

 

 

Figure (14): A photomicrograph of brain tissue sections stained immunohistochemically with caspase-3 

antibody in rat treated with BTEX compounds 600 mg/kg B.W. G2. (A-B): shows marked increase of caspase-3 

activity (arrow) (A x40, B x40). 

 

 
Figure (15): A photomicrograph of brain tissue sections stained immunohistochemically with caspase-3 

antibody (A) in rats treated with BTEX mixture 600 mg/kg/B.W. and citicoline 500 mg/kg/B.W. G3 (B) in rat 

treated with  citicoline 500 mg/kg/B.W. (A-B): (A): shows that positive caspase-3 activity is markedly 

decreased, (B): shows normal caspase-3 activity (A x40, B x40). 

 

 

DISCUSSION 

In this study, we investigated the toxic effect of benzene, toluene, ethylbenzene, and xylene 

(BTEX), on brain, liver, and renal tissues. In addition, we investigated the protective effect of 
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citicoline against BTEX toxicity. The BTEX compounds can accumulate in the body through 

direct intake of contaminated crops, inhalation of vapour from the soil, intake of contaminated 

drinking water and skin exposure (12). All of the BTEX compounds particularly after chronic 

exposure has been associated with damage to the central nervous system, liver and kidney 

damage while exposure to benzene can additionally cause haematological effects including 

aplastic anaemia and acute myelogenous leukaemia, impairment in foetal development, male 

reproductive function, respiratory system, metabolic function and immune system (11,48). As 

a common volatile chemical, benzene is easily absorbed and metabolized. Although benzene 

is not commonly thought of as an acute toxin, it has been linked to neurological impairment, 

hematotoxicity, and the development of aplastic anemia and leukemia (15). Benzene is 

transformed to a range of hydroxylated and ring-opened compounds in the liver, which are 

then transferred to the peripheral tissues for secondary metabolism. The covalent binding of 

reactive benzene metabolites to cellular macromolecules may cause toxicity from benzene and 

its metabolites (45). 

Two enzymes, cytochrome P450 2E1 (CYP2E1) and quinone oxidoreductase, have been 

implicated in the mechanism of benzene toxicity. Toluene is a cyclic benzene ring with a 

methyl group attached. It is produced from mono-substituted benzene. Furthermore, toluene is 

a lipophilic and non-polar molecule, allowing it to rapidly distribute to organs with high lipid 

content (13).  

Toluene inhalation causes neuronal apoptosis in the central nervous system in rats (32). Most 

inhalation toluene is converted to benzoic acid in the liver by two enzymes: alcohol 

dehydrogenase and aldehyde dehydrogenase (22).  

Inhalation of ethylbenzene at high concentration may cause dizziness and throat and eye 

irritation in human. Furthermore, exposure to low concentration of ethylbenzene via 

inhalation, has caused hearing problems and renal damage in animals (8).  

Exposure to xylene has a harmful effect on the neurological system, respiratory tract, liver, 

kidneys and reproductive system (30,38). 

Oral exposure of BTEX in rats showed significant damage to the brain, liver and kidney 

tissues.  

These changes include gliosis, neurons shrank and darkened (karyorrhectic) in the cerebral 

cortex in brain tissue (44). Kanter (27) suggested that chronic exposure of toluene in rats 

caused significant degenerative alterations, reduced cytoplasm, and dark picnotic nuclei in 

neurons of the frontal cortex. Furthermore, neuronal apoptosis in the central nervous system 

was seen in rats following toluene inhalation (32). Moreover, vaculation and gliosis of 

myelined nerve fibers, as well as vaculation perkanji nerve cells in the cerebrilum were seen in 

mice exposed to benzene via inhalation (41). In another study, vacuolar degeneration, gliosis, 

perivascular demyelination, and numerous pyknotic cells and necrosis were seen in rabbits 

administrated toluene (19). 

These findings are in agreement with the result of our study, which demonstrated that BTEX 

mixture can cause causes brain toxicity. All animals that treated with BTEX mixtures 600 

mg/kg/B.W. for 12 weeks showed remarkable microgliosis (increase number of the cells), 

perineural edema, perivascular spaces (Virchow–Robin spaces (VRS), neuron necrosis, 
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vacuolated neuropil and perineural satellitosis.  

Rats and mice exposed to benzene at different concentrations showed pathological lesions in 

the liver tissues such as blood vessels congestion, hemorrhage, vacuolar degeneration, 

necrosis, with infiltration of inflammatory cells and dilatation of the central vein (24,28).  

These results are in accordance with our findings in the liver of rats that exposed to 600 

mg/kg/B.W. of BTEX for 12 weeks. Histopathological alterations showed dilatation and 

congestion of blood sinusoids with vacuolar degeneration of the hepatocytes.  

In another study, the pathological effect of benzene on mice renal tissue showed increase 

interstitial tissue and cellular hyperplasia suggested as a preneoplastic response to benzene 

toxicity beside fibrosis, glomerular enlargement, and necrosis of the renal tubules (5). 

Meydan, et al.(36) indicated that toluene exposure in rats causes glomerular tuft reduction and 

increase in the connective tissue at the interstitial area. Moreover, El-Sheikh, et al. (21) found 

that toluene can induce nephrotoxicity in rats. Furthermore, rat exposed to 750 ppm 

ethylbenzene via inhalation showed an increase in the number and size of hyaline droplets in 

cells of the proximal convoluted tubules of the kidney (46). These results strongly supported 

our results that BTEX mixture is toxic to kidney. All rats that treated with 600 mg/kg/B.W. of 

BTEX mixture showed  blood vessels congestion, degeneration renal tubules, segmented 

glomeruli, increase Bowman space and formation of hyaline cast in the renal tubules. In 

addition, mononuclear cells infiltrations and desquamation of epithelial lining cells.  

Citicoline is the generic name for cytidine-5'-diphosphocholine (CDP-choline), an 

endogenous molecule that interacts with the formation of cellular membrane phospholipids, 

particularly phosphatidylcholine, to enhance neurotransmitter levels in the central nervous 

system (14). Citicoline from exogenous sources is hydrolyzed and absorbed as cytidine and 

choline (43). Citicoline, as an exogenous choline source for acetylcholine synthesis, re-

synthesis  membrane phospholipids (particularly phosphatidylcholine) that leads to inhibit 

neuronal cell death (2). Citicoline has the ability to ameliorate the disruption of glucose 

metabolism, increased brain choline levels and stimulated acetylcholine synthesis (26). In 

animal models of cerebral ischemia, citicoline was observed to minimize brain edema and the 

damage of the blood-brain barrier in rats (9). Citicoline appears to enhance dopamine release 

in the brain in rats, by enhance acetylcholine release (3). Many studies have shown that 

citicoline improves impairments caused by a variety of diseases in humans and in induced 

animals (1). Our results showed that treatment with 500 mg/kg B.W. citicoline can protect 

against  BTEX toxicity through  reducing  the pathological changes in the brain, liver and 

kidney. Also, examination of caspase-3 activity proved the ability of citicoline to ameliorate 

BTEX toxicity by deceased apoptosis via inhibiting caspase 3 activity. Inappropriate 

apoptosis has been linked with neurodegenerative disease, ischemic damage, development of 

cancer and autoimmune diseases (42), as caspase-3 is responsible for chromatin condensation, 

DNA disintegration and laddering, and membrane protein degradation (17). In this study, 

administration of BTEX was found to induce strong caspase-3 immunostaining, suggesting 

the involvement of caspase-3 activation. Our findings also indicated the ability of citicoline to 

inhibit the activation of caspase-3 in the brain of rats treated with BTEX.  
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Conclusion: 
In conclusion, the results showed that the safe level (NOAEL) of BTEX compound 

individually, can produce a significant health adverse effect when administrated as a mixture. 

It’s important to say that at hazardous waste sites, benzene, toluene, ethylbenzene, and 

xylenes are regularly mixed. Also our findings shown a protective action of citicoline against 

BTEX toxicity. In this study, administration of BTEX was found to induce histopathological 

alteration in the brain, liver and kidney in male rats following 90 days of administration and 

strong caspase-3 immunostaining in the brain sections. Obviously, treatment rats with 500 

mg/kg BW. of citicoline showed significant improvement in the brain, liver and kidney 

tissues and marked decrease in the activation of caspase-3 in the brain-treated rats. In this 

context, citicoline has the ability to reduce the harm effects of BTEX chemicals and inhibit 

caspase-3 activity in the brain tissues. 
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