Toxicity of solvents exposure on the neuroendocrine system in rats: Role of amino acids supplementation
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Abstract

The goal of this study was to elucidate the neurotoxic effects of repeated exposure to gasoline, perchloroethylene or toluene on male rats, in addition to evaluate the interventive role of certain nutraceuticals against the neurodegenerative insult produced by inhalants abuse. The experimental groups were assigned as follows: Gp(1) control; Gp (2) exposed to gasoline vapors (3200 ppm) for quarter an hour/day; Gp(3) exposed to vapors of gasoline and treated orally with tyrosine (400 mg/kg b.wt.) with subsequent intraperitoneal injection with tryptophan (400 mg/Kg b.wt.); Gp(4) exposed to perchloroethylene vapors (800 ppm) for quarter an hour/day; Gp(5) exposed to vapors of perchloroethylene and treated with tyrosine and tryptophan; Gp(6) exposed to toluene vapors (1000 ppm) for quater an hour/day; Gp(7) exposed to vapors of toluene and treated with tyrosine and tryptophan. The experiment was extended for 45 days. Brain lipid peroxidation, reduced glutathione, serotonin, dopamine and GABA were determined, plasma testosterone, DHEA-S, T3 and T4 were determined. In addition to the histopathological investigations which were carried out. The results demonstrated that inhalation of gasoline, perchloroethylene or toluene caused elevation of brain lipid peroxidation, GABA and plasma DHEA-S levels. However, these inhalants induced depletion of brain glutathione, serotonin, dopamine as well as plasma testosterone, total triiodothyronine (T3) and total thyroxin (T4) levels. Histopathological alterations in the brain of the rats exposed to inhalants were also observed. On the other hand, marked improvement was detected on the treatment of exposed rats with tyrosine and tryptophan. Tyrosine and tryptophan supplementation exerted a modulatory effect on the most of biochemical parameters. Histopathological investigation of the brain revealed that the treatment of rats with tyrosine and tryptophan produced pronounced modulatory effect as indicated by the appearance of healthy neurons. In conclusion, the current study clearly indicated the serious effect of inhalants on the central nervous system of rats and the neuroprotective effect of tyrosine and tryptophan against inhalant neurotoxicity.
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Introduction

Inhalants are substances that generally fall into one of several chemical families including aliphatic hydrocarbons, alkyl halides, aromatic hydrocarbons and nitrates (1). Inhalant abuse is the deliberate inhalation of vapor of the inhalants (volatile substance of abuse) with the intention to alter one's consciousness. The abuse of inhalants continues to be a significant problem among our country's children and youth. Inhalant abuse can result in serious organ system dysfunction and central nervous system (CNS) disorder or even sudden death (2). 

Gasoline is an aliphatic hydrocarbon commercial product (3). It has been reported that the inhalation of gasoline is a major route for exposure for human and animals (4). Ritchie et al (5) reported that the exposure to hydrocarbon fuel produces neurotoxicity and neurobehavioral concequences. With the exception of a reduction in psychotic symptoms, the effects of sniffing unleaded petrol are similar to the effect of sniffing leaded petrol (6). The specific components included in gasoline (gasoline ethers) are methyl tertiary butyl ether, ethyl tertiary butyl ether, tertiary amyl methyl ether, butadiene, benzene, xylene, toluene, methyl alcohol and ethyl alcohol. All of these components are neurotoxic (7). Neuroimaging and neuropatho-logical studies in individuals with gasoline sniffing have identified abnormalities in the cerebral cortex, cerebellum, hippocampus, basal ganglia and brain stem(8). Also, significant CNS damage may occur in individuals who abuse gasoline before they become encephalopathic. Thus, the chronic exposure of individuals to gasoline causes cognitive deficit that includes apathy, poor concentration, memory loss, visual spatial dysfunction and decreased speed of processing complex linguistic material(9). 
Perchloroethylene (PCE) is a colorless, volatile organic liquid with an ether-like odour. It is widely used in dry cleaning, metal degreasing and printing industry as fat solvent. It is a solvent in adhesives, textile manufacturing and paint stripping (10). The symptoms associated with the exposure to PCE include depression of the central nervous system, damage to the liver and kidneys,  impairment of memory, confusion, dizziness, headache, drowness and eye, nose as well as throat irritation (11). Ebrahim and Sakthisekaran (12) demonstrated the defective antioxidant defense system in PCE exposed rats. Beliles (13) stated that PCE affects dopamine metabolism in a plausible mode of action for some types of neurotoxicity. Also, PCE potentiates the function of inhibitory receptors of γ-aminobutyric acid type A (GABAA) and glycine receptors (14).

Toluene (methyl benzene) is a volatile organic solvent commonly found in a variety of commercial, industrial and household products such as adhesive varnish, glue and paint thinners (15). Toluene is a neurotoxic chemical that has been shown to have neurobehavioral and electrophysiological effects (16). Exposure to toluene is known to result principally in central nervous system dysfunctions (17). These neurological changes were detected at prefrontal cortex, cerebellum and hippocampus which showed varying degrees of neuronal degeneration to necrosis (18). Acute toluene inhalation in adults includes harmful effects on GABAergic, glutaminergic, serotonergic and dopaminergic systems (19). In animals, exposure to toluene disrupts neurotransmitter systems in the brain stem and cerebellum specifically it alters dopamine (20), γ-amino butyric acid (GABA) and glutamate levels (21). Toluene has an anti-gonadotropic effect and may cause long-term endocrine disturbances in males (22). 

Tyrosine is a nonessential amino acid that is synthesized in the body from phenylalanine. Tyrosine is needed to make epinephrine, norepinephrine, serotonin and dopamine. Because tyrosine binds unstable molecules (free radicals) that can potentially cause damage to the cells and tissues, it is considered as a mild antioxidant. Tyrosine and tryptophan are precursors to neurotransmitters and are transported from plasma into the brain(23). A combination of 5-hydroxytryptophan (5-HTP), serotonin precursor, and tyrosine, dopamine precursor, in the treatment of CNS depression has been reported (24).
Aim of the work

The objectives of the current study were to elucidate the neurotoxic effects of repeated exposure to the inhalants; gasoline, perchloroethylene or toluene on male rats. These inhalants are the most common substances abused by children and adolescent in our population. The study was extended to evaluate the potential role of tyrosine and tryptophan as neuroprotective agents against the neurodegenerative impact produced by chronic exposure to the inhalants.

Materials and Methods

Chemicals and kits:

Chemicals:

1- Gasoline (C8 H18), Perchloroethylene (C2Cl4) and Toluene (C6H5CH3) were purchased from Fluka Chemica Co., GmbH (Germany) and the purity was above    99 %.

2- L-Tyrosine (C9 H11 O3), 
L-tryptophan (C11 H12 N2 O2) were purchased from Aldrich Chemica Co., GmbH (Germany). 

Experimental animals

Seventy male Sprague Dawley rats weighing 100-120 g were obtained from the Animal House Colony of the National Research Centre, Cairo, Egypt. The animals were maintained on standard laboratory diet and water ad libitum. After an acclimation period of one week, the animals were distributed into ten groups (10 rats/group) and housed in stainless steel cages in a temperature controlled (23 ± 1ºC) and artificially illuminated (12 h dark/light cycle) room free from any source of chemical contamination. All animals received human care and use according to the guide lines for Animal Experiments which were approved by the Ethical Committee of Medical Research, National Research Centre, Egypt.

The seven experimental groups were assigned as follows: group (1) Control group treated with 1ml/rat corn oil; group (2) The rats in this group were exposed to vapors of gasoline (3200 ppm) for quarter an hour/day (25) for 45 days; group (3) The rats in this group were exposed to vapors of gasoline and treated orally with tyrosine (400 mg/kg b.wt.) with subsequent intraperitoneal injection with tryptophan (400 mg/Kg b.wt.)(26). for 45 days; group (4) The rats in this group were exposed to vapors of perchloroethylene (800 ppm) for quarter an hour/day(27) for 45 days; group (5) The rats in this group were exposed to vapors of perchloroethylene and treated orally with tyrosine with subsequent intraperitoneal injection with tryptophan for 45 days; group (6) The rats in this group were exposed to vapors of toluene  (1000 ppm) for quater an  hour/day(28) for 45 days; group (7) The rats in this group were exposed to vapors of perchloroethylene and treated orally with tyrosine with subsequent intraperitoneal injection with tryptophan for 45 days.

Inhalation protocol 

All rats had access to food and water in their home cages but not for the brief periods in the inhalation chambers. For each daily inhalation, the rats were transported from the vivarium to the lab, in their home cages and placed into an inhalation chamber. Inhalation of gasoline, toluene and perchloroethylene were conducted once a day for 15 min to mimic the high-dose “binge” inhalation seen in human abusers. Vapors inhalation was given in sealed 36-l cylindrical glass jars with acrylic lids (similar to description in Bowen and Balster) (29). The lids were equipped with injection ports, a fan and a stainless steel mesh box holding filter paper. During gasoline, toluene and perchloroethylene inhalation, one dam was placed onto a grid floor 20 cm from the bottom and 30 cm from the filter paper in the lid of the chamber. The lid was replaced and a calculated amount of solvent was injected onto filter paper from which the fan volatilized the solvent. At the end of the inhalation period, the rats were removed immediately and returned to their home cages to a wait the next inhalation period, with the same procedure repeated daily for forty five days (30). The inhalation dose of gasoline, toluene and perchloroethylene were calculated as follows: 
ppm = (mg solute / 106 mg water) = (mg solute / liter solution)

Volume ml = (weight of solute / density of solution)

At the end of the experimental period, the animals were kept fasting for 12 hours and the blood samples were collected from the retro-orbital venous plexus under diethyl ether anesthesia. Blood sample of each animal was received in EDTA-containing tubes and plasma was separated after centrifugation at 3000 rpm for 15 min. at 4˚C. Plasma was used for determination of total testosterone, DHEA-S, T3 and T4. 

After blood collection, the rats were killed and the whole brain of each animal was rapidly dissected, thoroughly washed with isotonic saline dried and then weighed. Each brain was homogenized immediately to give 10% (w/v) homogenate in ice-cold medium containing 50 mM Tris-Hcl (pH 7.4) and 300 mM sucrose (31). The homogenate was centrifuged at 3000 rpm for 10 min. at 4 ºC. The supernatant (10%) was used for the determination of Brain lipid peroxidation, reduced glutathione, serotonin, dopamine and GABA.

A colormetric method for quantitative determination of total protein in brain homogenate using Folin phenol reagent [Folin-Ciocalteu (Lowry)] was carried out according to Lowry et al (32). Quantitative determination of lipid peroxidation in brain homogenate was performed according to the method described by Esterbauer and Cheeseman (33). Reduced glutathione in brain homogenate was determined colorimetrically as described by Beutler et al (34). Enzyme Immunsorbentassay (ELISA) technique was used for quantitative determination of serotonin in brain homogenate as described by Harenberg et al (35). A fluorometric method was applied for quantitative determination of dopamine level in brain homogenate according to Ciarlone (36) method. HPLC method was applied for quantitative determination of GABA in brain homogenate according to the method described by Seiler (37). Quantitative determination of total testosterone in plasma was done using ELISA method as described by Joshi et al (38). ELISA method for quantitative determination of dehydroepiandrosterone-sulphate (DHEA-S) in plasma was applied according to the method described by Tietz (39). Quantitative determination of plasma T3 was done using ELISA method as described by Wisdom (40). ELISA method for quantitative determination of T4 in plasma was applied according to the method described by Wisdom (40).

Statistical analysis                                     
All values are expressed as mean ± standard error (SE). Statistical differences were determined by using student t-test for the data according to the method of Snedecor and Cochran (41). A probability value P < 0.05 was considered to be statistically significant while that corresponding to P < 0.01 was considered to be highly significant and that P > 0.05 was considered to be non significant.
Results

Table (1) illustrated the results of the effect of treatment with tyrosine and tryptophan against gasoline, perchloroethylene and toluene inhalation-induced disturbance in brain lipid peroxidation and reduced glutathione levels. Inhalation of 3200 ppm gasoline for quarter an hour/day for 45 days produced significant increase (P < 0.01) in brain lipid peroxidation level whereas, it produced significant decrease (P < 0.01) in brain glutathione level as compared to control group. Treatment of rats exposed to gasoline and received tyrosine and tryptophan showed modulatory positive action on lipid peroxidation and glutathione levels as indicated by Significant decrease (P < 0.01) in brain lipid peroxidation level and  Significant increase (P < 0.05) in brain glutathione as compared to rats exposed to gasoline.


The results in Table (1) revealed significant increase (P < 0.01) in brain lipid peroxidation level in rats exposed to perchloroethylene in a dose of 800 ppm for quarter an hour / day for 45 days as compared to control group. In contrast, significant decrease (P < 0.01) in brain glutathione level was detected in the same group compared to control group as compared to control group. Supplementation with tyrosine and tryptophan to rats exposed to perchloroethylene caused significant depletion (P < 0.01) in brain lipid peroxidation level and nonsignificant increase (P > 0.05) in brain glutathione level as compared to group of rats exposed to perchloroethylene. 


Inhalation of 1000 ppm toluene, for quarter an hour/ day for 45 days produced significant increase (P < 0.01) in brain lipid peroxidation level with concomitant significant reduction (P < 0.01) in brain glutathione levels as compared to control group. Supplementation with tyrosine and tryptophan combination to rats exposed to toluene caused significant reduction (P < 0.01) in brain lipid peroxidation level and nonsignificant elevation (P > 0.05) in brain glutathione level as compared to rats exposed to toluene (Table 1). 

The data in Table (2) revealed inhibition in brain serotonin and dopamine levels (P < 0.01) in animals exposed to gasoline compared to control group. Treatment of rats exposed to gasoline with tyrosine and tryptophan resulted in significant increase (P < 0.01) in brain serotonin level and nonsignificant increase (P > 0.05) in brain dopamine level as compared to the group of those exposed to gasoline. 


Concerning the group of animals exposed to perchloroethylene, significant decrease in brain serotonin and dopamine levels (P < 0.01) was detected as compared to control group (Table 2). However, significant elevation in brain serotonin and dopamine levels (P < 0.01) was demonstrated in rats exposed to perchloroethylene and supplemented with either tyrosine and tryptophan as compared to those exposed to perchloroethylene.  


Toluene inhalation produces significant decrease in each of brain serotonin and dopamine levels (P < 0.01) as compared to control group (Table 2). supplementation with tyrosine and tryptophan to rats exposed to toluene caused nonsignificant increase (P > 0.05) in brain serotonin and significant decrease (P < 0.01) in brain dopamine level as compared to rats exposed to toluene. 

The results in Table (3) show significant decrease in plasma total testosterone level (P < 0.01) and significant increase in plasma DHEA-S level (P < 0.05) in animals exposed to gasoline as compared to control group. Nonsignificant increase (P > 0.05) in plasma total testosterone level was detected in rats exposed to gasoline and treated with tyrosine and tryptophan as compared to those exposed to gasoline. In contrast, significant decrease (P < 0.01) in plasma DHEA-S level was detected in case of treatment of gasoline exposed rats with tyrosine and tryptophan as compared to rats exposed to gasoline.

Perchloroethylene inhalation induces significant decrease in plasma total testosterone and significant increase in plasma DHEA-S levels (P < 0.01) as compared to control group. Significant increase (P < 0.05) in plasma total testosterone level accompanied with Significant decrease (P < 0.01) in plasma DHEA-S level was detected in rats administered with tyrosine and tryptophan when exposed to perchloroethylene as compared to those exposed to perchoroethylene. (Table 3).


Inhalation of toluene produces significant decrease in plasma total testosterone and significant increase in plasma DHEA-S levels (P < 0.01) as compared to control group (Table 3). Treatment of animals exposed to toluene with tyrosine and tryptophan showed significant increase (P < 0.01) in plasma total testosterone level in concomitant with significant decrease (P < 0.01) in plasma DHEA-S level as compared those exposed to toluene. 

The effect of gasoline, perchloroethylene or toluene inhalation with or without melatonin, tyrosine and tryptophan or a combination of folic acid and vitamin B12 treatment on plasma triiodothyronine (T3) and thyroxin (T4) levels is shown in Table (4). The data revealed that gasoline inhalation produced significant decrease (P < 0.01) in plasma T3 and T4 levels as compared to the control group. Administration of tyrosine and tryptophan together with gasoline inhalation resulted in significant elevation in plasma T3 (P < 0.05) and T4 (P < 0.01) levels as compared to gasoline exposed group. 


Significant depletion in plasma T3 and T4 levels (P < 0.01) was detected in rats exposed to perchloroethylene as compared to the control group. Treatment of perchloroethylene exposed rats with tyrosine and tryptophan resulted in significant increase  in plasma T3 and T4 (P < 0.01) levels as compared to perchloroethylene exposed rats.  

Toluene inhalation induced significant decrease (P < 0.01) in plasma T3 and T4 levels as compared to control group. However, significant increase (P < 0.01) in plasma T3 level accompanied with  nonsignificant increase (P > 0.05) in plasma T4 level was demonstrated in rats exposed to toluene and treated with tyrosine and tryptophan as compared toluene exposed rats (Table 4). 

Data presented in Figure (1) show the effect of gasoline, perchloroethylene and toluene inhalation as well as treatment with tyrosine and tryprophan on brain GABA concentration. The results revealed that the inhalation of either of gasoline, perchloroethylene or toluene increases brain GABA concentration as compared to control group. Treatment with tyrosine and tryptophan caused pronounced increase in brain GABA concentration as compared to the groups exposed to the selected inhalants.

Among groups that exposed to gasoline, a slight increase in brain GABA concentration was demonstrated in the group exposed to gasoline and treated with tyrosine and tryptophan compared to that exposed to gasoline  (Figure 1a).

Among groups that exposed to perchloroethylene, the treatment with tyrosine and tryptophan caused marked increase in brain GABA concentration as compared to that exposed to perchloroethylene (Figure 1b).

Among groups exposed to toluene, treatment with tyrosine and tryptophan caused considerable increase in brain GABA concentration as compared to group exposed to toluene (Figure 1c). 

Histopathological Investigation 

Microscopic examination of brain section of control rat shows the neuron with huge nuclei in comparison with those of surrounding supporting cells. These nuclei show dispersed chromatin and prominent nucleoli. The cytoplasm is basophilic. Oligodendrocytes and astrocytes have been found (Figure 2).

Gasoline inhalation in a dose equivalent to 3200 ppm, quarter an hour/day for 45 days produces earlier phase of coagulative necrosis in the brain. In some neurons, the nuclei show pale staining. Congested blood vessel surrounded by a clear Virchow-Robin space has been found (Figure 3). 
Microscopic investigation of brain section of rat after inhalation of gasoline and treatment with tyrosine (400 mg/kg b.wt.) and tryptophan (400 mg /kg b.wt.) showed some dead neurons and the other neurons revealed pink-staining. The surrounding cells showed pyknosis (Figure 4).  

 Perchloroethylene inhalation in a dose equivalent to 800 ppm, quarter an hour/day for 45 days causes complete degeneration of the neurons. Some of the neurons show partial degeneration associated with pyknotic nuclei (Figure 5). 

Examination of brain sections of rat after inhalation of perchloroethylene and treatment with tyrosine and tryptophan revealed the appearance of neurons in a healthy form. Few of them showed pyknosis (Figure 6). 

In case of the inhalation of toluene at a dose equivalent to 1000 ppm, quarter an hour/day for 45 days, the brain section of rat shows severe coagulative necrosis and the nuclei of the neurons show a degree of pyknosis. Congested blood vessel has been also found (Figure 7). 

The brain section of rat that exposed to toluene and treated with tyrosine and tryptophan showed normal neurons as well as the surrounding cells. Binuclear form appeared in many of the neurons (Figure 8). 

Table 1: Effect of repeated gasoline, perchloroethylene or toluene inhlalation with or without tyrosine& tryptophan on brain oxidant/antioxidant status of male rats.

	          parameter

Groups
	Malondoaldehyde

(nmol / mg protein)
	Reduced glutathione

(mg / g brain tissue)

	Control
	60.441 ± 1.24
	3.60 ± 0.24

	Gasoline inhalation
	89.36 ± 2.5a**
	2.20 ± 0.15a**

	Gasoline inhalation+Tyrosine &tryptophan
	72.50 ± 2.9 b**
	2.70 ± 0.11b*

	Perchloroethylene inhalation
	80.7 ± 1.27a**
	1.26 ± 0.13a**

	Perchloroethylene inhalation+ Tyrosine &tryptophan
	68.6 ± 2.6c**
	1.33 ± 0.06NS

	Toluene inhalation
	80.2 ± 3.6a**
	1.82 ± 0.35a**

	Toluene inhalation + Tyrosine &tryptophan
	60.6 ± 2.04d**
	1.93 ± 0.3NS


Data are expressed as means ± standard error SE for 8 animals/group.

     *: Significant change at P < 0.05               

     ** : Significant change at P < 0.01

     NS : Non significant change at P ≥ 0.05


     a : Differences as compared to control            

     b : Differences as compared to gasoline exposed group

     c: Differences as compared to perchloroethylene exposed group

     d : Differences as compared to toluene exposed group.

Table 2: Effect of repeated gasoline, perchloroethylene or toluene inhlalation with or without tyrosine& tryptophan on brain neurotransmitters levels of male rats.

	                Parameter

Groups
	Serotonin

(ng / g brain tissue)
	Dopamine

(μg / g brain tissue)

	Control
	2941 ± 91.1
	278 ± 11.50

	Gasoline inhalation
	2166 ± 139.6a**
	215.8 ± 7.50a**

	Gasoline inhalation + Tyrosine &tryptophan
	2732 ± 57.4b**
	239.9±8.50NS

	Perchloroethylene inhalation
	1552 ± 96.8a**
	228.4 ± 5.80a**

	Perchloroethylene inhalation+ Tyrosine &tryptophan
	2917±194.9c**
	276.2±6.30c**

	Toluene inhalation
	2524 ± 13.9a**
	204.6 ± 10.70a**

	Toluene inhalation + Tyrosine &tryptophan
	2716±223.3NS
	255.6±12.19d**


Data are expressed as means ± standard error SE for 8 animals/group.

   * : Significant change at P < 0.05                      

   ** : Significant change at P < 0.01

   NS : Non significant change at P ≥ 0.05

   a : Differences as compared to control            

    b : Differences as compared to gasoline exposed group

   c : Differences as compared to perchloroethylene exposed group

    d : Differences as compared to toluene exposed group.

Table 3: Effect of repeated gasoline, perchloroethylene or toluene inhlalation with or without tyrosine& tryptophan on plasma steroid hormones level of male rats.

	 Parameters

Groups
	Total testosterone

(ng / ml)
	DHEA-S

(μg / ml)

	Control
	9.3 ± 0.53
	1.81 ± 0.01

	Gasoline inhalation
	6.1 ± 0.26a**
	1.86 ± 0.02a*

	Gasoline inhalation + Tyrosine &tryptophan
	7.3 ± 0.64NS
	1.42 ± 0.05b**

	Perchloroethylene inhalation
	6.3 ± 0.35a**
	1.92 ± 0.02a**

	Perchloroethylene inhalation+ Tyrosine &tryptophan
	7.8 ± 0.48c*
	1.60 ± 0.10c**

	Toluene inhalation
	5.05 ± 0.46a**
	1.87 ± 0.02a**

	Toluene inhalation + Tyrosine &tryptophan
	7.2 ± 0.56d*
	1.53 ± 0.12d**


Data are expressed as means ± standard error (SE) for 8 animals / group.

  * : Significant change at P < 0.05                      

  ** : Significant change at P < 0.01

  NS : Non significant change at P ≥ 0.05

  a : Differences as compared to control            

   b : Differences as compared to gasoline exposed group

  c : Differences as compared to perchloroethylene exposed group

  d : Differences as compared to toluene exposed group.

Table 4.
Effect of repeated inhlalation of gasoline, perchloroethylene or toluene with or without tyrosine & tryptophan on plasma thyroid hormones level of male rats. 

	          parameter

Groups
	T3
(ng /ml)
	T4
(μg / dl)

	Control
	2.10 ± 0.23
	7.4 ± 0.3

	Gasoline inhalation
	0.86 ± 0.05a**
	4.9 ± 0.28a**

	Gasoline inhalation+Tyrosine &tryptophan
	1.00 ± 0.02b*
	6.3 ± 0.30b**

	Perchloroethylene inhalation
	0.81 ± 0.05a**
	4.9 ± 0.30a**

	Perchloroethylene inhalation+ Tyrosine &tryptophan
	1.80 ± 0.10c**
	7.3 ± 0.60c**

	Toluene inhalation
	0.88 ± 0.06a**
	6.0 ± 0.05a**

	Toluene inhalation + Tyrosine &tryptophan
	2.00 ± 0.09d**
	7.2 ± 0.30NS


                                [image: image1.emf]0

100

200

300

400

500

600

700

800

GABA (μg / g brain tissue )

control

gasoline

gasoline+ty.&trp.

Groups


Figure (1a)

[image: image2.emf]0

200

400

600

800

GABA ((μg / g brain tissue)

control

PCE

PCE+tyr.&tryp.

Groups


Figure (1b)

       [image: image3.emf]0

50

100

150

200

250

300

350

400

450

GABA ((μg / g brain 

tissue)

control

toluene

toluene+tyr.& tryp.

Groups


Figure (1c)
Figure 1: 1a) Effect of repeated gasoline inhalation with or without tyrosine& tryptophan on brain γ-amino butyric acid (GABA) of male rats. 1b) Effect of repeated perchloroethylene inhalation with or  without tyrosine& tryptophan  on brain GABA of male rats. 1c) Effect of repeated toluene inhalation with or  without tyrosine& tryptophan  on brain GABA of  male rats.
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Figure (2): Photomicrograph of brain of control rat shows the neuron with huge nuclei. These nuclei show dispersed chromatin and prominent nucleoli. The cytoplasm is basophilic. Oligodendrocytes and astrocytes can be seen (H& E X 400). 

Figure (3): Photomicrograph of rat brain after gasoline inhalation shows earlier phase of coagulative necrosis. In some neurons, the nuclei show pale staining. Congested blood vessel surrounded by a clear Virchow-Robin space has been appeared (H & E X 400)

Figure (4): Photomicrograph of rat brain after inhalation of gasoline and treatment with tyrosine and tryptophan shows some dead neurons and another revealed pink-staining cell depress. The surrounded cells show pyknosis. (H & E X 400).

Figure (5): Photomicrograph of rat brain after inhalation of perchloroethylene shows complete degeneration of the neurons. Some of the neurons show partial degeneration associated with pyknotic nuclei (H & E X 400).

Figure (6): Photomicrograph of rat brain after inhalation of perchloroethylene and treated with tyrosine and tryptophan shows the neurons that revealed a healthy form. Few of them show pyknosis (H& E X400).

Figure (7): Photomicrograph of rat brain after inhalation of toluene shows severe coagulative necrosis. The nuclei of the neuron show a degree of pyknosis. Congested blood vessel is seen (H & E X 400).

Figure (8): Photomicrograph of rat brain after inhalation of toluene and treatment with tyrosine and tryptophan shows normal neurons as well as the surrounding cells. Binuclear form appears in many of them (H &E X 400). 

Discussion

Inhalation results in serious organ system dysfunction (2). Airborne chemicals and volatile molecules enter the nose and can interact with chemoreceptors in the nasal cavity, especially trigeminal and olfactory receptors (42). Most solvents are easily absorbed from the blood into lipid-rich tissues and can cause widespread damage. The current results reveal that gasoline inhalation for 45 days causes significant increase in brain lipid peroxidation. This finding is in agreement with Ulakoğlu et al (43) who demonstrated an increase in brain lipid peroxidation after inhalation of gasoline and/or its additives. Moreover, Lolin (44) stated that the inhalation of gasoline additive which is called methyl tertiary-butyl ether (MTBE) induces an elevation in brain lipid peroxidation level in experimental animals. The increment in lipid peroxidation could be attributed to that gasoline expresses its toxicity via the production of reactive oxygen species (ROS) which causes cell damage (43). 

The present study reveals that perchloroethylene significantly increases brain lipid peroxidation. Perchloroethylene (PCE) is oxidized by cytochrome P450 (CYP450) to produce trichloroacetyle chloride, trichloroethanol and trichloroacetic acid (TCA) (45). In both human and experimental animals (46), TCA induces lipid peroxidation and oxidative DNA damage (47). The toxicity of PCE to mammalian tissue depends mainly on cytochrome P450-mediated oxidation as well as glutathione (GSH) conjugation (48). Thus, PCE vapor produces dose-dependent increase in cellular H2O2 resulting in lipid peroxidation (49). Furthermore, PCE exposure leads to glutathione depletion and accumulation of hydrogen peroxide as well as its distal reaction products that can induce lipid peroxidation and cellular toxicity (50). 

The present data indicate that toluene inhalation induces significant increase in brain lipid peroxidation. Toluene inhalation stimulates reactive oxygen species formation (51). This is the most important pathway of toluene neurotoxicity by which it induces oxidative damage to lipids, proteins and nucleic acids (52). Keeping on our results, Halifeoglu et al (53) reported that toluene elevates the level of malondialdehyde in the brain. Also, toluene exposure causes significant elevation in the level of lipid breakdown products in several brain regions in rats due to the generation of reactive oxygen species, which causes neurodegeneration, and cognitive deficits (54). 

Brain glutathione (GSH) shows significant decrease in the animals exposed to gasoline. This result is supported by the previous study of Raza et al (55) who found a decrease in brain GSH with concomitant increase in brain lipid peroxidation levels after gasoline exposure in rats.

The present study reveals that perchloroethylene significantly decreases brain glutathione. Ebrahim and Sakthisekaran (12) found a defect in the antioxidant defense system after PCE inhalation in rats. This was evidenced by low level of enzymatic antioxidants: superoxid dismutase (SOD) and catalase and non enzymatic antioxidants including glutathione, ascorbic acid and vitamin E with simultaneous increase in lipid peroxidation level.

The current data indicate that toluene inhalation induces significant decrease in brain glutathione level. As opposed to increasing lipid peroxidation level, a decrease in superoxide dismutase activity and glutathione level were developed (43). Herein, the lowering glutathione level as a result of toluene inhalation is attributed to the oxidative stress induced by toluene (56).

The present study demonstrated that the treatment of rats exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan combination causes significant depletion in brain lipid peroxidation level. Cadenas et al., (57) and Moosmann and Behl (58) reported that Long-chain acylated tyrosine and tryptophan or short-chain acylated derivatives are potent inhibitors of lipid peroxidation and oxidative cell death. The antioxidant properties of tyrosine and tryptophan provide a specific explanation for their protective action on neuronal membranes against oxidative stress. Recent study has been shown that serotonin and its precursor (tryptophan) have powerful antioxidant properties and the recovery of neurotransmitter concentration in brain is related to the reduction of lipid peroxide generation and improves antioxidant status of the brain (59). 

Treatment of rats exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan induced remarkable increase in brain glutathione level. Casarejos et al. (60) demonstrated an elevation in brain glutathione level in case of treatment with tyrosine metabolite. They explained this phenomenon as a compensatory mechanism of tyrosine metabolite to protect dopamine neurons from neural death. 

In the current study gasoline inhalation reduces brain serotonin (5-HT) and dopamine (DA) levels significantly as shown in Table (2). Gasoline inhalation is associated with neurocognitive deficits including memory loss and poor concentration (9) which reflect the imbalance between the neuromodulatory effects of monoamines and acetylcholine. Memory impairment is linked to low serotonin level in the neocortex which is related to the focal hippocampal dysfunction (61). This interpretation supports the previous report of Yamazaki et al (62) who stated that the central serotonergic dysfunction leads to learning retardation. Moser et al (63) stated that exposure to gasoline and /or its additives shows some markers of neurotoxicity which represented by brain dopamine depletion in concomitant with elevation of brain GABA level.

Perchloroethylene inhalation significantly decreases each of brain serotonin and dopamine levels. A growing body of evidence demonstrated that the exposure to chlorinated hydrocarbon compounds including perchloro-ethylene produces various degrees of central nervous system depression (64). This property of perchloroethylene results in a depletion in serotonin level in brain stem (65). Moreover, Seegal et al (66) supported this fact as they stated that this type of chlorinated hydrocarbons could reduce serotonin concentration in frontal cortex and hippocampus. Additionally, the ratio of serotonin metabolite (5-hydroxyindolacetic acid) to serotonin was elevated in most brain areas following exposure of rats to chlorinated hydrocarbons. This means that the exposure to chlorinated hydrocarbons such as perchloroethylene affects each of serotonin concentration and metabolism (66). The reduction in brain dopamine level in animals exposed to perchloroethylene is greatly supported by the study of Goodwill et al (67). They demonstrated that the exposure to chlorinated hydrocarbons results in peripheral inflammatory response associated with striatal terminal degeneration which in turn leads to dopaminergic loss in the striatum. In fact, chlorinated hydrocarbons could significantly reduce striatal dopamine, tyrosine hydroxylase, dopamine transporter and synaptophysin concentrations (67) in addition to their reducing effect on the number of dopamine neurons in the ventral mesencephalon (68). 

Toluene produces significant reduction in each of brain serotonin and dopamine level (Table 2). Toluene has high lipid solubility and no protein binding capability, so that it distributes according to lipid contents of the brain (69). Repeated toluene inhalation has been shown to induce permenant changes in brain which correlated with neural dysfunction (70). This is indicated by DA and 5-HT turnover in the caudate-putamen, nucleus accumbens, hippocampus, prefrontal cortex and cerebellum (63). Subchronic exposure to toluene significantly results in sensitization to toluene-induced necrosis and alteration in DA and 5-HT transmissions. These events demonstrate that subchronic toluene exposure may lead to adverse effects on neurobehavioral and neurochemical functioning (63). Moreover, a reduction in catecholaminergic neurons was previously detected in the brain stem of rats after toluene exposure (28). Furthermore, there is an evidence showed that the repeated toluene exposure results in alteration in dopaminergic transmission (62). The inhalation of toluene caused a decrease in noradrenaline (NA) level in the dorsal part of rat pons, rich in locus coeruleus and dopamine level in the hypothalamus and ventral part of the rat midbrain, rich in substantia nigra (69). 
Our results revealed that treatment of rats exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan results in general increase in brain serotonin level. These results are in agreement with Denoyer et al. (71); Arai et al. (72) and Kitahama et al. (73) who demonstrated that treatment with tryptophan and / or its derivatives can raise serotonin level in CNS. L-tryptophan administration can enhance serotonin release (74). Tryptophan is converted into serotonin in serotonergic neurons by the enzyme called aromatic amino acid decarboxylase (AADC)(75,76). Similarly, treatment of rats exposed to the different inhalants with tyrosine and tryptophan produces considerable increase in brain dopamine level.  Dietary L-tyrosine administration can enhance dopamine synthesis in human as it does in rats (77,78). AADC is also present in catecholaminergic neurons, where it normally converts tyrosine into dopamine (72). 

General anesthetics enhance central inhibitory neurotransmission-mediated by GABAA receptor-channel complex (79). These CNS depressants are known to produce their effects in part by modulating GABAA receptor function (80). Gasoline inhalation causes marked increase in brain GABA level. This finding coincides with that of Moser et al (63). Such result indicates the potential role of GABA and its receptor (A) in the neurotoxic effects of gasoline and / or its additives (81). Martin et al (82) demonstrated that the oxygenated gasoline additives and their metabolites reduce the density of the convulsant binding site on GABAA receptor in rat brain.  

Perchloroethylene inhalation moderately increases brain GABA level in rats. It has been demonstrated that perchloroethylene inhibits the function of excitatory receptors N-methyl-D-aspartate (NMDA) (83), nicotinic acetylcholine receptor (nAchR) (61) and potentiates the function of inhibitory receptors γ-aminobutyric acid type A (GABAA) as well as glycine receptors (14). The activation of GABAergic neurons in the forebrain of rats due to exposure to perchloroethylene (49) may be contributed in the increased brain GABA level in the present study.

Toluene inhalation produces non appreciable increase in rat brain GABA level. This result is in agreement with Stengard and O’connor (21) who stated that toluene exposure causes moderate increase in striatal GABA level. Toluene enhances GABAA receptor function (14). Devaud et al (84) and Charlton et al (85) reported that GABAA α-1 subunit may be an important target for the neurobehavioral and cellular actions of toluene.

Treatment of the group of animals exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan caused significant increase in brain GABA level. It has been reported that tyrosine and tryptophan increase the potency of GABA (86). Soghomonian et al. (87) suggested that tryptophan could increase GABAergic activity in the brain. 

In the present study, gasoline induces significant decrease in plasma testosterone level. In general, organic solvents have negative influence on male reproductive functions through their action at the hypothalamo-hypophyseal level (22). Moreover, gasoline and its additives, methyl tert-butyl ether (MTBE), could reduce plasma testosterone level in male rats due to their ability to accelerate the metabolism of endogenous testosterone and hence its clearance. This could be done via stimulation of some enzymes (cytochrome P450 and testosterone hydroxylase) that involved in testosterone metabolism (88). Histological study of el Feki et al (89) revealed an atrophy of the testicle, seminal vesicle and epididym     in concomitant with a decrease in plasma testosterone level in male rats exposed to gasoline.

Gasoline inhalation causes significant increase in plasma DHEA-S level. It has been reported that unleaded petrol and related volatile organic compounds activates rat hypothalamo-pituitary-thyroid-adrenal system (90). Seitz et al (91) and Vyskocil et al (92) found that the exposure to organic volatile compounds leads to significant increase in plasma dehydroepiandrosterone (DHEA) which follows the elevation of plasma corticosterone level. This is because of DHEA is closely followed the secretory profile of corticosterone (92). This may explain the elevation in plasma DHEA-S level of rats exposed to gasoline in the current study. 

Perchloroethylene inhalation significantly decreases plasma testosterone level. Perchloroethylene is well known as a reproductive toxicant which affects the hypothalamic pituitary gonadal axis (93). More recent study revealed that perchloroethylene has a direct inhibitory action on testicular testosterone biosynthesis (94). 

Plasma DHEA-S shows significant increase due to perchloroethylene inhalation. This finding agrees with that of Chia et al (95) who detected an increase in plasma DHEA-S level as a result of perchloroethylene exposure. This could be attributed to that perchloroethylene may disrupt peripheral endocrine function, perhaps through its peroxisome proliferator potential activity. Perchloroethylene and related hydrocarbons constitute an important class of environmental pollutants whose adverse effects on liver, kidney and other tissues may be mediated by peroxisome proliferator-activated receptors (PPARs) and ligand-activated transcription factors belonging to the steroid receptor superfamily. In addition, it is conceivable that trichloroethylene, one of perchloroethylene metabolites may compete with DHEA-S for binding to PPAR and this ultimately leads to the elevation of plasma DHEA-S as a compensatory response (96). 

Significant decrease in plasma testosterone level due to toluene inhalation is demonstrated in the current study. On line with this finding, Yilmaz et al (97) reported that toluene inhalation affects testosterone synthesis and secretion in male rats via a direct action on the Leydig cells. Moreover, toluene causes a reduction in leutinizing hormone (LH) secretion from the anterior pituitary which in turn inhibits testosterone production (98). Another report suggested that toluene inhibits testosterone secretion through its action on the gonadotropin releasing hormone (GnRH) neurons or through its inhibitory effect on pituitary responsiveness to GnRH. It has been suggested that toluene has an anti-gonadotropic effect and it may cause long-term endocrine disturbances in male rats (22). 

The present data reveal that toluene inhalation produces an increase in plasma DHEA-S level. Gotohda et al (99) demonstrated significant increase in the weight of adrenal gland, hypertrophy of the adrenal cortex and expansion of the corticosterone-positive area in rats exposed to toluene. Also, toluene inhalation causes an increase in serum corticosterone level. This is due to the indirect effect of toluene on microphage/ lymphocyte activity via stress induction and hence a secretion of ACTH and corticosterone(100). Since DHEA is closely followed the secretory profile of corticosterone (92), the observed increase in plasma level of DHEA-S due to toluene inhalation is a consequence of corticosterone elevation.

Treatment of the group of animals exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan resulted in marked increase in plasma testosterone level. Shishkina and Dygalo (101) reported that the administration of tryptophan and / or its derivatives increases plasma testosterone level in male rats. The suggesting mechanism of this action was reported by Pinilla et al. (102) who stated that administration of serotonin precursor stimulates gonadotropins (FSH and LH) secretion. 

Significant decrease in plasma DHEA-S level was detected in the present study in gasoline, perchloroethylene or toluene exposed rats treated with tyrosine and tryptophan. The suppressing effect of dopamine, a tyrosine product, on serum DHEA-S level was previously reported by Van den Berghe et al. (103). The lowering effect of dopamine on DHEA-S level could be linked to the suppression of circulationg prolactin level.

In the current study gasoline inhalation caused significant depletion in each of plasma triiodothyronine (T3) and thyroxine (T4) levels. These results are in agreement with Singh et al. (104) who reported that petrol exposure enhances the pituitary release of TSH and reduces serum T3 and T4 levels. This means that gasoline inhalation affects pituitary thyroid axis and inhibits response of thyroid to thyroid stimulating hormone (TSH). Moreover, it has been stated that gasoline and /or its additives cause changes in thyroid, liver and bone marrow(105). Moreover, 1,6-dimethoxyhexane (gasoline additive) has been shown to reduce colloidal density and accelerate papillary proliferation of the follicular epithelium, which indicates of a mild degree of thyroid hyperplasia. Additionally, thyroid follicular-cell adenomas was detected in rats exposed to tertiary-butyl ether (other gasoline additive)(106), which indicates the alteration in T3 and T4 synthesis in rats exposed to gasoline.   


Our study revealed significant decrease in plasma T3 and T4 levels in the group of animals exposed to perchloroethylene. These results agree well with the National Toxicology Program(107) which revealed that the exposure to halogenated hydrocarbons causes significant decrease in serum total thyroxin (T4), free T4 and T3. Halogenated hydrocarbons have a direct effect on the releasing efficacy of thyroid gland. 


Toluene inhalation caused significant decrease in each of plasma T3 and T4 in the present study. This result consides with that of Chen et al.(108) who stated that the exposure to glue solvent reveals significant depletion in serum T4, T3 and free T4 levels. Low serum T3 and T4 levels that associated with glue sniffing were compatible with central hypothyroidism. Furthermore, toluene has been shown to affect dopaminergic and adrenergic turnover within various parts of the brain. This neurotransmitter affection leads to abnormal secretion of pituitary hormones resulting in transient central hypothyroidism(108).

The current study demonstrated that the treatment of rats exposed to gasoline, perchloroethylene or toluene with tyrosine and tryptophan results in marked increase in each of plasma T3 and T4 level. Morley et al.(109) suggested that repeated dose loading of tryptophan or 5-hydroxytryptophan (5-HTP) increases plasma serotonin and T3 levels and decreases plasma TSH level. Serotonin affects thyroid gland to produce T3(109). Moreover, Tahara et al.(110) reported that supplementation with tyrosine results in rapid increase in serum T4, T3 and free T4 levels. These results could be explained by the action of dopaminergic system on both thyrotropin releasing hormone (TRH) and thyroid releasing hormone (TSH) release(111).

Gasoline inhalation produces histopathological changes in the brain of rats. These are mainly represented in coagulative necrosis. These findings are, at least in part, in agreement with Salehi et al (112) who found significant neural cell loss in globus pallidus and caudate putamen as well as in the frontal cortex in the brain of rats exposed to gasoline and/or its additives.


Perchloroethylene inhalation causes general degeneration of the neurons. This finding agrees with that of Wang et al (113) who indicated that the exposure to perchloroethylene greatly reduces the number of brain cells, possibly glial cells.

The histopathological alterations associated with toluene inhalation include severe coagulative necrosis. Several pathological effects of toluene on the central nervous system have been previously described. These effects include neurovascular complications such as microvascular ischemic changes or ischemic stroke. Other neurological complication includes central atrophy(114). 
The histopathological investigation of the brain of rats exposed to gasoline and treated with tyrosine and tryptophan revealed the death of some neurons but many neurons still survive and reveal pink-staining. Tyrosine and tryptophan administration to rats exposed to perchloroethylene or toluene resulted in the appearance of neurons in a healthy manner. Strazielle et al.(115) stated that the activation of serotonergic system by tryptophan modulates brain cell structure. Moreover, Ikemoto(116) reported that dopamine protects brain neurons against degeneration.
Conclusion

In conclusion the repeated exposure to inhalants (gasoline, perchloroethylene or toluene) induced many deleterious effects on the central nervous system of male rats. Treatment with either tyrosine and tryptophan revealed significant ameliorative effect against inhalant neurotoxicity. 
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