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Abstract 

Toluene is a widely abused inhaled solvent. The current study has been designed to 

conclude whether toluene abuse affect the pituitary-adrenal axis(PAA), reproductive 

functions of both sex of  rabbits. Five–month–old male and female rabbits were exposed to 

toluene vapor inhalation (8000ppm; 2h/day) daily for 30 days resulted in a dose-dependent 

salivation and lacrimation were observed during exposure periods and intensified with 

recurrent contact. Suppression of total body weight gain and food utilization were 

experiential in toluene group. Females were exposed from 30 days before mating until day 7 

of gestation. The serum and ovary of the rabbits were collected; ELISA was applied to 

determine the sex hormone(Estradiol (E2) and Progestron (P4), Testosterone(T), 

corticosterone ) in serum; the pituitary, adrenal, ovary samples were stained with 

haematoxilyne  and eosin and the number of follicles was calculated. The sex hormone of the 

low concentration group treated with tolune was significantly lower than that of the control 

group(P≤0.05);no significant difference was found in P4 and the number of follicles between 

different groups. 

    Testicular and reproductive toxicity was evaluated after males were exposed for 30 days, 

including the mating time. While mating behavior and fertility were not affected, there was a 

rise in fetal mortality and the frequency of dams with stillborn offspring in the toluene group. 

Microscopic examination of the epididymal region of the toluene group revealed a 

considerable decrease in sperm counts, sperm motility, and sperm quality, but no changes in 

testicular weight or intratesticular spermatogenesis were seen. Rabbits with ovaries that had 

been altered by exposure to 8000 ppm toluene produced sperm without tails. The weights of 
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the spleen, thymus, testes, and ovaries of rabbits exposed to 8000 ppm toluene were 

substantially lower than those of the control group, whereas the weight of the adrenal gland 

was significantly larger. Degenerative alterations in the testis, decreased density and motility 

of epididymal sperm, and a rise in the incidence of aberrant sperm were all found. Animals' 

fertility was reduced because the average fertility rate was altered. These results reveal 

reproductive failure in both sexes of rabbits exposed to inhaled toluene levels of 8000 ppm, 

which cause detectable testicular degeneration and affect the morphology of sperm in the 

epididymis and disturb sperm maturation. After being exposed to 8000 ppm toluene for 1 

month, no discernible changes were seen in blood levels of luteinizing hormone, follicle-

stimulating hormone, or testosterone. The medulla showed no significant changes, whereas 

the cortex became hypertrophied in those who inhaled toluene. Furthermore, adrenocortical 

cell size was dramatically increased in treated-rabbits compared to the control group. 

The sex hormone in the serum of female rabbits is inhibited after exposure to a particular 

level of toluene. 

Key word: Tolune, Pituitry gland, Reproductive, Stress. 

 

Introduction 

     A necessary shock on fundamental biological processes may be triggered when a living 

thing is exposed to external variables like poisons or stressors. The toxicological interaction 

of numerous stimi may cause new and different biological reactions, either qualitatively or 

quantitatively, when they are encountered simultaneously[1]. Due to the presence of additive 

and synergistic toxicological interactions, it is possible that harmful consequences may occur 

at exposure levels that would be regarded safe in the absence of the modulating factor[2]. 

Toluene, also known as toluol, methylbenzene, and phenyl methane, is an aromatic 

hydrocarbon that is utilized primarily as a component of gasoline (92%). Toluene is a 

byproduct of styrene manufacturing and coke-oven operations [4,5] and is used in the 

manufacturing of a wide variety of industrial chemicals (benzene, toluene diisocyanate, 

phenol, benzoy, benzoic acid, toluene sulfonates, nitrotoluene, vinyl toluene, and saccharin). 

Toluene is a common solvent for a variety of different materials, including paints, lacquers, 

and adhesives. Inhaling the vapors might be harmful. The majority of human exposure to 

toluene occurs through accidental or intentional inhalation of airborne toluene[8], which can 

occur during the manufacturing, shipping, and refueling processes for gasoline and toluene. 

Workers in the chemical and petrochemical industries, as well as those who apply paint and 
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dye, are at the greatest risk of accidental exposure to toluene. Toluene can be ingested 

through the use of gasoline, cosmetics, and rubber cement, among other products. Adhesives, 

inks, dyes, fabric paintbrush cleaners, stain removers, nail polish and cigarette smoke. Female 

rabbit sex hormone serum is suppressed after exposure to a threshold amount of toluene [9–

15]. 

    The aim of the study is to effect of inhalant abusing toluene on hypothalamus-pituitary-

adrenal axis(HPA), hypothalamus-pituitary-gonads axis(HPG) and reproductive index  in 

both sex rabbits.    

 

Material and Methods 

 Experimental Materials:-The Toluene that used in this experiment were obtained from the 

chemistry. Department, College of Science, Basrah University. 

Experimental Animals:- forty local mature both sex of  rabbits. 

A total of 24 healthy domestic rabbits (Lepus cuniculus domastica) were briught from Iraqi 

local markers in Basra city. These rabbits were included both sex with 1500 to 2000 gm of 

weight and nine months age. During one month, rabbits were acclimated to their new 

environment at the animal house of Veterinary Medical College at University of Basrah. The 

animals in the experiment were housed in a climate-controlled room (24°C) with a twelve 

hours light/dark cycle, fed a feed consisted of hay in addition to green alfalfa (Medicago 

sativa), and given a prophylactic medicine against coccidiosis (Amprollium 1g/L of drinking 

water). 

Experimental Design:-Rabbits were  randomly classified into main 4 equal groups. The first 

group (6) male rabbits had been considered as controls. The second group (6) male rabbits 

treated with toluene was inhalated (8000ppm) to rabbits for1month. The third group (6) 

female rabbits had been regarded as control. The forth group (6) female rabbits treated with 

toluene was inhalated (8000ppm) to rabbits for 1month. 

   Male rabbits were housed in a 1:2 ratio with fertile females for two days as part of a 

fertility study. According to [14], the first day of pregnancy is considered to be the day that a 

vaginal smear is examined after the joining period. Male rabbits were separated into groups 

and given the extract to test orally beginning 30 days after mating. 

Sampling:- 

Blood samples:- 

Samples of blood were obtained from each animal fasted rabbits (treated animals and 

controls), from the heart at the end of the experiment period, and permitted for clotting at 
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temperature of room to separate the serum for hormonal assay such as estrogen, progesterone, 

testesterone and corticosteron level by using ELSA Kits performed as previously described 

[16]. 

Sacrifice and Preservation of Tissues: - 

    Six animals/group were sacrificed (treated animals and controls). The adrenals glands, 

pituitary, ovaries, uterus and testes were eliminated directly, adhering tissues clean and 

weighed were reserved in 10% formaline for fixation to be ready for histopathological 

examination using the light microscopy [17]. 

 

Evaluation of Fertility: - 

    Using a microscope (40X), spermatozoa were evaluated for the following characteristics 

after being collected via mincing the cauda epididmus in a known volume of physiological 

saline (w/v) at 37 C: 

Implantation Site 

According to [18], pregnant rabbits were slaughtered immediately after giving birth to 

observe the impact of treatments on the implantation location of blastocytes. After being 

slaughtered, the animals' uteri were opened by making a longitudinal incision, revealing the 

blue implantation sites, which were counted. It was decided to measure the uterus and both 

ovaries for weight. Each animal's ovaries were removed, put in a plate, and counted for the 

corpa lutea number. The percentage of implantation success was considered as: 

Percentage of success (Ps) = No. of implants   × 100 

                                             No. of corpa lutea  

Mutagenic Index =
                        

                        
      

Sperm Concentration(Count):- 

    After diluting the sperm postponement with water (1:20), mixing the contents, and 

delivering a drop of the mixture into the Neubaure haemocytometer on opposite sides of the 

chamber of counting, the spermatozoa concentration was determined. After letting the 

haemocytometer settle for 5 minutes, sperm were calculated in the huge five squares and the 

result was represented as concentration of sperm in million. This procedure was taken from 

[19]. 

Sperm Motility:-   

Microscopical evaluation of sperm motility followed the mowing down of sperm production. 

The amount of immotile sperm was first calculated, then the total sperm count was taken. 

According to [20], motility of sperm was reported as the proportion of active sperms to the 

total number of sperms. 
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Viability of Sperm via Negrosin-Eosin Stain:- 

This method is utilized for determination of which sperm are viable and which are not. Drop 

some Negrosin-Eosin stain into the sperm solution on the slide, let it sit at 37 degrees Celsius 

for 5 minutes, and then have a look at it under the microscope. Red staining may be seen on 

the sperm cell's head after it has died. Yet, the Negrosin-Eosin-free spermatozoa were able to 

survive. sperm percentage of total sperm count, as determined by [21]. 

 

Maturation of Sperm via Aniline-Blue:-  

    Nuclear maturation was assessed via aniline-blue stain, depend on [22]. Blue-staining 

sperm nuclei were deemed to be of a less developed stage. Nevertheless, aniline-blue did not 

stain nuclear mature sperm. One hundred sperm preparations from each group were analyzed 

to determine the proportion of immature sperm. 

Sperm Morphology:- 

     At the end of the five minutes at 37 degrees Celsius, a drop of Negrosin-Eosin stain was 

placed into the sperm deferment. Next, a clean slide was deposited with a drop of sperm 

suspension and the liquid was spread out to create a thin film. Air drying the film followed by 

microscopic examination for morphological alterations in sperm followed the protocol 

described in [19]. Amorphous, pin, and small head were selected as indicators of cranial 

abnormalities. Coiled flagellum, bent flagellum, and a bent flagellum tip were all noted as 

anomalies in the tail. The findings reveal the total prevalence of aberrant forms as a 

percentage. 

Hormonal assay:-Determination of serum testosterone, estradiol(E2), progesterone(P4) and 

corticosteroid by,(ELISA assay). 

Statistical analysis: 

Data were analysed by one way analysis of varians (t test)[23]. 

Results 

1-Changes in Weight of Body and Consumption of Food. 

   There were abnormal clinical signs observed in animals treated with toluene by inhalation. 

Visible signs were noted during experiment period emaciation and rough hair. Body weight 

was registered in males and females in (Table1). There were statistically significant decrease 

(p≤0.05) in body weight related to exposure to toluene  than in the control group. The food 

consumption in the treated group was decrease than that in the control group. 
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 Table (1) Effect of Toluene on Changes in Body weight in Males and Females Rabbits  

 (Mean ± SD)                                                                                                                   (n=6)             

            A,B,C= differences between groups, N=number of animals, P≤0.05 vs. control. 
                                                                   

 

 

 

2-Steriods Hormones in Female Rabbits. 

    The results in (Table2) described change in reproductive hormones  in females treated with 

toluene by inhalation. There were statistically significant raise (p≤0.05)  in progesterone, 

testesterone and corticosterone and significant decline (p≤0.05) in estrogen while in females 

rabbits related to exposure to toluene  than in the control group.  

Table (2) Effect of Toluene on Steroids Hormones  in Female Rabbits (Mean ± SD)(n=6)  
Corticosteron 

(µg/dl 
Testesterone 

(ng/ml) 

 

Progesterone 

 (ng/ml) 

 

 Estrogen 

(µg/dl) 

           Parameters                    

            

Treatments 

4.93±0.013 
B 

0.70± 0.013 

B 

0.79±0.014 
B 

 49.95±4.32 

A  
 Control  (normal saline) 

9.89±0.021 

A 

0.91±0.011 

A 

1.28±0.025 
A 

36.21±4.18 
B 

 Toluene 

         A,B,C= differences between groups, P≤0.05 vs. control, N=number of animals.  

 
 

3-Effect of Toluene on Relative Organs Weight in Female Rabbits. 

The result in Table (3) described relative  weight  in females treated with toluene by 

inhalation. There were statistically significant increase (p≤0.05) in weight of adrenal glands 

and uterus while significant decrease (p≤0.05)  in ovaries, thymus and spleen in females 

rabbits related to exposure to toluene  than in the controls.  

Table (3) Toluene impact on Relative Organs Weight in Female Rabbits (Mean± SD) 

(n=6)                                                                                                                                              

Body Weight 

(g) 

           Parameters                           

    

 

 

Treatments 

Females Males 

Final weight 

(g) 

Initial  weight 

(g) 

Final weight 

(g) 

Initial weight 

(g) 

1700±101.49 

A 

1550±108.01NS 1985±93.54 

A 

1840 ±125.4 NS Control  (normal saline) 

1100±114.01B 1516±85.08NS 1475±169.55  

B 

1850±123.13 

NS 

Toluene 

 

Uterus 

(g) 

 

Spleen 

(g) 

  

Thymus 

(g) 

Ovaries 

(g) 

 Adrenal 

Glands 

(g) 

          Weight Of organs 

(g)              

 

Treatments 
Left Right 

0.25±0.011 

B 

0.70±0.001 

A 

0.72±0.034 

A 

0.030±0.0011 

A 

0.028±0.0015 

B 

 Control 

(normal saline) 
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   A,B = differences between groups, P≤0.05 vs. control, N=number of animals. 
4-Effect of Successful Implantation %, Corpora Luteum Number and Toluene on 

Implantation Site in Sacrificed Female Rabbits 

Implantation site, corpora luteum number and successful implantation % are illustrated in the 

Table (4).   

   The results displayed a significant (P≤0.05) reduction of implantation site in toluene-treated 

female rabbits in comparison with controls.  

   Number of corpora luteum a non-significant (P≤0.05) decrease in toluene-treated female 

rabbits in comparison with controls.   

  Successful implantation % low in toluene-treated female rabbits is 41.66% in comparison 

with controls 79.87%. 

 

Table (4) Effect of Toluene on Successful Implantation %, Number of Corpora Luteum 

and Implantation Site in Sacrificed Female Rabbits (Mean ±SD)              (n=6)                                                                                                  
               Parameters 

 

Treatments 

Implantation 

Site  

Corpora Luteum 

Number 

Successful 

Implantation 

% 

Fetuses 

Resorption  

 

 

Control 

Normal saline 

5.12± 1.05 

A 

6.41±1.03 

Ns 

79.87% 0 

B 

 Toluene 2.5±1.53 

B 

6.00±0.66 

Ns 

41.66 % 2±1.03 

A 

A,B,C= differences between groups, P≤0.05 vs. control, N=number of animals. 

 

5-Effect of Toluene on Steroids Hormones  in Male Rabbits 
    The results in (Table5) described change in reproductive hormones  in males treated with 

toluene by inhalation. There were statistically significant increase (p≤0.05) in estrogen while 

significant decrease (p≤0.05) in FSH, LH, progesterone, testesterone and corticosterone in 

females rabbits related to exposure to toluene  than in the control group.  

  Table (5) Effect of Toluene on Steroids Hormones  in Male Rabbits (Mean±SD)        (n=6) 

           A,B= differences between groups, P≤0.05 vs. control, N=number of animals. 

0.33±0.016 

A 

0.27±0.001 

B 

0.34±0.031 

B 

0.014±0.0011 

B 

 

0.055±0.0001 

A 
 Toluene 

Corticosteron 

(µg/dl 

Testesterone 

(ng/ml) 
 

Progesteron

(ng/ml) 
 

Estrogen

(µg/dl) 

LH 

ng/ml)) 

 FSH 

(µlU/ml) 

             

Parameters              

                  

Treatments 
5.91±0.032 

A  
0.6±0.024 

A 

1.18±0.027 

A  
48.58±0.63 

B  
5.30±0.006 

A  
2.86±0.011 

A  
 Control 

  (normal saline) 
3.39±0.038 

B  
0.1±0.015 

B 

0.64±0.021 

B  
90.74±0.36 

A  
4.40±0.0034 

B  
2.10±0.017 

B  
 Toluene 
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6-Effect of Toluene on Relative Weight of Adrenal, Testicular, Thymus, Spleen weights 

in Female Rabbits. 

   The influence of inhalation of toluene on weights of adrenal glands, testes, thymus and 

spleen are demonstrated in Table (6). The results showed that the toluene had high significant 

decrease (p<0.01) on weights of both testes, thymus and spleen of  male rabbits while the 

toluene had high significant increase (p<0.01) on weights adrenal glands in comparison with 

controls. 

Table (6) Effect of Toluene on Relative Weight of Adrenal, Testicular, Thymus, Spleen 

weights in Female Rabbits (Mean ±SD)                                                           (n=6) 

 

 

 

 

 

 

 

 
A,B= differences between groups, P≤0.05 vs. control, N=number of animals. 

7- Effect of  Toluene on Epididymal Spermatozoa Characteristics.  

The results in Table(7) described characteristics of epididymal spermatozoa in male rabbits 

treated with tolu   caused significant decrease (p<0.05) in all characters of epididymal 

spermatozoa in comparison with controls. 

   Table (7):Effect of Toluene on Epididymal Spermatozoa Characteristics.(Mean±SD)  (n=6)                                                                                                                                          

    A,B= differences between groups, P≤0.05 vs. control, N=number of animals. 

 

 

 

 

 

 

 

 

 

 

 

 

Weight Of organs(g)        

 

Parameters 

 

 

Treatments 
Spleen Thymus Testes Adrenal 

glands left right   

 

0.70±0.001 

A 

 

0.82±0.034 

A 

 
1.95±0.02 

A 

 

1.90±0.01 

A 

 

0.028±0.0015 

B 

 

 Control 

(normal saline) 

 

0.27±0.001 

B 

 

0.47±0.031 

B 

 

0.41±0.02 

B 

 

0.34±0.01

B 

 

0.065±0.0001 

A 

  

Toluene 

Treatments 

Studied characters 

Viability% 
Sperm 

count×10
6 

Intact 

sperms(%) 

Live 

sperms(%) 

dead 

sperms(%) 

abnormal 

sperms(%) 

Control 

(normal 

saline) 

90.00±2.24 

A 

210.30±1.67 

A 

80.65±1.47 

A 

75.11±3.74 

A 

27.04±3.21 

B 

15.34±1.41 

B 

 Toluene 
22.16±2.38 

B 

60.50±0.42 

B 

63.82±2.80 

B 

18.50±2.12 

B 

87.40±4.12 

A 

60.01±2.78 

A 
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8-Histopathological Changes:- 
1-Pituitary gland:- Section of pituitary gland of control female. Showing pituicytes with 

dense nuclei deeply stained normally distributed within nervous tissue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Section of pituitary gland of control 

male. Display pituicytes (P) with dense nuclei 

deeply stained normally distributed within 

nervous tissue stain (H&E)  400X. 

 

  

P
 ؛

Fig.1 :Section of pituitary gland of control 

female. Showing pituicytes (P) with dense 

nuclei deeply stained normally distributed 

within nervous tissue stain (H&E)  400X.   

P 

Fig.2: Section of pituitary gland of toluene-treated 

female rabbits display few numbers of pituicytes (P) 

with enlarge nuclei, vacuolation of the cells (V), few 

numbers of herring bodies (HB), stain (H&E) 400X.   

 

 stain with (H&E), 100X. 

 V 

 P 

P 

Fig. 4: Section of pituitary gland of toluene-treated 

male rabbits. Display few numbers of pituicytes (P) 

with enlarge nuclei, vacuolation of the cells (V), few 

numbers of herring bodies (HB), stain (H&E) 400X.   

 
 

V 

P 
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2-Adrenal gland 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6:Section of adrenal gland of female rabbits 

 treated with toluene  stain with (H&E), 100X. 

Cortex 

 Zona glomerulosa 

 Zona fasciculate 

 Zona reticulars 

 Adrenal medulla 

Fig.5 :Section of adrenal gland of control 

female  stain with (H&E), 100X. 

 Zona glomerulosa 

 Zona fasciculate 

 Zona reticulars 

Adrenal medulla 

Cortex 

Fig. 8: Section of Adrenal gland of male 

rabbits treated with toluene. Showing 

minimal to modulate fibrosis of 

capsule(C), medulla (M), normal zona 

reticularis (ZR), enlarged zona fasciculate 

(ZF), prominent zona glomerulosa (ZG) 

Z G 

 

ZF 

ZR 

 
M 

 

Fig.7 :Section of Adrenal gland of control 

male rabbit. Showing normal gland's layers, 

surrounded by medulla(M), zona reticularis 

(ZR), zona fasciculate (ZF), zona 

glomerulosa (ZG), capsule(C) and stain 

(H&E)100X. 

Zona glomerulosa 

 

Zona fasciculate 

Zona reticulars 
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Ovaries 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Uterus-4 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

5-Epididymal Sperm Count 

  It is a highly sensitive spermatogenesis test, sperm count is also closely linked with fertility. 

Treatment of rabbits with toluene dramatically decreased total sperm count (Table7), and 

testicular histology corroborated this finding, showing degeneration and atrophy in certain 

seminiferous tubules in conjunction with a low luminal spermatozoa concentration.   

Fig.9 :Section of uterus control female shows, uterine 

gland (arrows), muscular layer (M) and endometrial 

layer(E), 100X.  

 

E 

G 

G 

M 

Fig.10:Section of uterus in female treated with 

tolueneshows, oedema(O) (arrows), fibrosis (F), 

uterine gland (G), 400X 

O 

F 
 

G 
 

Fig.10:Section of ovary of rabbit treated with 

Toluene. Disturbed ovarain tissue, primary follicles 

(P F),secondary follicles (SF), growing follicles 

(gf)and absence of Graafine follicle and large number 

thickned wall blood  vessels(BV)with less blood 

encorgement, stain (H&E) 100X. 

 

GF 

GF SF 

PF SF 

GF 
GF 

GF 

Fig.9:Section of ovary of control rabbit. 

Showing normal ovarian cellular tissue with 

secondary follicles(SF), normal primary 

follicles (PF), normal Graafine follicles (GF), 

and stain  (H&E) 100X. 
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6- Viability and Motility of Sperm 

  Testing the motility of sperm is a crucial part of semen analysis, since it allows researchers 

to tell the difference between dead and alive sperm in samples when there are a lot of them. 

The findings showed that after being exposed to toluene, the proportion of alive and moving 

organisms dropped. 

  
 

 

 

 
  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.12:Showing dead sperm in male rabbits 

treated with toluene. Stained with E&N 400X. 

 Live Sperm 

Fig.13: Showing live sperm in male rabbits 

control. Stained with E&N 100X. 

 

Fig.11: Showing live sperm in male rabbits 

control. Stained with E&N 400X. 

Dead Sperm 

Fig.14:Showing dead sperm in male rabbits 

treated with toluene. Stained with E&N 100X. 
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7-Testes    

 

 

 

 

 

 

 

 
 

8-Epididemus 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Discussion 

     With the direct conclusion potentially occupying the future generation [24,25], exposure 

to dangerous chemicals is close to the top industrial illness and the top clinical issue. 

Toluene, among these toxicants, has been found to produce a wide variety of injuries and 

damage to many bodily tissues[3]. 

Salivation and lacrimation, perhaps due to CNS gloominess, were reported in females of the 

8000 ppm-treated group beginning 30 days after contact and exacerbated with frequent 

exposure[26]. 

Toluene considerably increased plasma ACTH concentration [27]. It was shown that the 

region positive for corticosterone, an indicator of cortical hypertrophy, expanded across the 

brains of the tolune group. Thus, it is believed that the stimulation of cortical cells was 

Fig.18:Section of the epididymus of rabbits in toluene 

group, showing depression in concentration of lumen 

spermatozoa and the seminiferous tubules (S) 

degeneration  (H&E 100X).   

 

Fig.15 : The rabbits testes section in 

control group, display the normal 

mature seminiferous tubules with high 

concentration of spermatozoa in lumen 

and complete spermatogenesis 

series.(H&E 100X.   

 Fig.17: Display epididimus in male rabbits treated 

with toluene. Stained with E&H 400X. 

Fig.16:Section of the testes of toluene treated-rabbits, 

display the degeneration of seminiferous tubules (S) 

with  depression in lumen spermatozoa concentration. 

Intraepithieal vacuoles (V) in tubules (H& E 100X). 

V S 



Physiological and Biochemical Study of Modulation of Pituitary-Adrenal Axis,  Pituitary-Gonadal Axis and 

Reproductive Efficiency Responses to Stress Induced by Exposure to Toluene in Rabbits 

 

Section A-Research paper 
 

3247 

Eur. Chem. Bull. 2023, 12(Special Issue 1), 3234-3254 

responsible for the growth of these cells, which leads to cortical hypertrophy. The HPA axis, 

which includes the hypothalamus, pituitary gland, and adrenal gland, may be activated in 

response to exposure to toluene[28]. 

        Time course and dosage response of toluene-induced species of reactive oxygen (ROS) 

production in the rabbit brain have been determined. The probe 2',7'-dichlorofluorescin 

diacetate was used for determination of the rate of oxygen radical production. Exposure of rat 

kidney and lung mitochondrial and cerebellar synaptosomal crude fractions to 1.5, 1.0 and 

0.5 g/kg ip toluene induced a dose- dependent increase in ROS production. At low 

concentrations of toluene, crude synaptosomal fractions from striatum and crude 

mitochondrial fractions from liver and hippocampus produced the highest levels of reactive 

oxygen species (ROS). The hippocampus showed the greatest amounts of generated ROS 

among brain regions. Toluene-induced reactive oxygen species (ROS) peaked after 2 hours of 

exposure in vivo to a single dosage of toluene (8000ppm), and this peak matched well with 

toluene blood levels assessed at the same time[29]. Even when toluene levels in the blood 

dropped to undetectable levels during the following 24 hours, the increased oxidative activity 

remained stable. Our findings show that toluene exposure raises the typical rate of oxygen 

radical formation throughout the body, and that this impact persists in the tissues even after 

blood toluene levels have dropped rapidly[30]. Some of the clinical findings in long-term 

toluene abusers could be explained by the fact that even brief exposure to the substance 

causes long-lasting alterations associated to reactive oxygen species (ROS) [31]. 

The sex hormone of the low concentration group was considerably lesser than that of the 

controls (P≤0.05); significant difference was found in P4 and the number of follicles between 

different groups. Exposure to a certain amount of toluene has an inhibiting effect on the sex 

hormone in the serum of female rats [32-35].  Unfortunately, there is a lack of data on its 

impact on ovarian function. Previous in vitro investigations showed that toluene reduced the 

survival, proliferation, and estrogen secretion of ovarian cells [36,37]. This research used 

female rabbits to examine the in vivo effects of toluene. Low-dose exposure (8000 ppm) 

dramatically reduced body weight, our study revealed. The research is mixed on whether or 

not animals exposed to toluene gain weight. In response to toluene exposure, some studies 

have observed a drop in weight of body, while others have described a rise in weight of body 

[38]. The route of delivery, such as gavage, injection, or inhalation, may have a role in this 

difference [39]. We first confirmed that the reproductive toxicity of toluene exposure was 
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caused by the disruption of structure of ovarian, the folliculogenesis inhibition and markers 

related with steroidogenesis, the apoptosis induction, autophagy, and the subsequent loss of 

ovarian function and follicle development potential in the present study. At a level of 8000 

ppm, we found that ovarian weight in rabbits was decreased. Although the developing 

follicles number was decreased at 8000 ppm, a rise in aberrant follicles was seen alongside 

this trend. Our findings corroborate those of prior research showing that exposure to toluene 

disrupts the follicular development process in adult female rabbits and causes changes in the 

histological structure of the ovaries [40,41]. According to the knowledge that hydrocarbons 

are endocrine disruptors, it has been looked at how they affect the function of the ovaries 

directly. It has been found that the hormones progesterone and testosterone were much more 

secreted in the toluene group than in the control group. Increased testosterone levels are 

consistent with the large rise in levels of Cyp17a mRNA reported by RT-PCR, which is 

consistent with the knowledge that Cyp17a, the steroidogenic factor, has vital role in 

androgen synthesis, such as testosterone [42,43]. Previous research using cultured ovarian 

granulosa cells revealed that the toluene addition led to inhibition of secretion of 

progesterone [44], therefore the increase in progesterone liberate is at odds with those 

findings. While progesterone reduces reactive oxygen species (ROS) generation in the 

benzene-treated rats ovaries [45] as well as defends against bropirimine-mediated 

embryolethality [46], it seems to have antioxidative and protective properties. Since the 

corpus luteum's primary function is the secretion of progesterone, rising progesterone levels 

with increasing toluene dosages may not be due to an increase in corpus lutea but rather to 

the ovary's strategy of defence against exposure to toluene. The corpora lutea are not only 

controlled by the ovary but also by the uterine, pituitary, and the brain [47], it is possible that 

other causes are responsible for the large rise in progesterone. The feedback links between 

ovarian and gonadotropic hormones suggest that toluene's effects on FSH, the hormone 

responsible for the formation of ovarian follicles, may lead to an increase in progesterone. 

The large amount of progesterone released after toluene exposure may protect ovarian cells 

by activating autophagy, since this process has previously been found to be activated by 

progesterone as a strategic neuroprotective strategy [49]. 

Autophagy has been around for a long time (evolutionarily speaking, that is) because it helps 

protect cells from a wide range of damaging factors, both within and outside the body [50]. 

It's a crucial mechanism that may promote cell survival or initiate pathways of cell death 
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[51,52]. Yet, exposure to toluene induced apoptosis even at maximally effective dosing (8000 

ppm). These findings suggest that autophagy technology, which served for protection of 

ovarian cells from the harm by preventing apoptosis, may be triggered by a very high dosage 

of toluene exposure. Nevertheless, increased autophagy after extreme dosing was linked to 

apoptotic promotion rather than suppression. Our findings corroborate the involvement of 

environmental pollutants, especially industrial chemicals, in inducing autophagy [53]. These 

contaminants may increase autophagy as defensive responses to cellular damages, or they can 

change autophagy's protective role into that of pro-cell death mechanisms. It has been 

established that apoptosis and autophagy are two closely related processes that may happen at 

the same time and distribute various components in responses to different stimuli [54, 55]. 

Autophagy activation seems to precede apoptosis inhibition in certain instances of low-dose 

toxins [56,57], protecting cells from harm via self-repair. 

Animal testes are particularly vulnerable to harm caused by genetic abnormalities, toxic 

exposure in the workplace, and other factors. There is a list of specific causes of testicular 

damage[58]. The group treated with testesin had a substantial decrease in weight after 

inhaling toluene (Table 2). These adjustments received higher marks. 

The inhalation group had increased CRF immunoreactivity in the paraventricular nucleus 

(PVN). Testicular weight was found to be considerably lesser in the toluene-treated group in 

comparison with the controls. These shifts seemed muddier with prolonged exposure to 

toluene. Meanwhile, there was a discernible decrease in epididymal mass. Histopathological 

findings from the current investigation corroborated the decrease in testicular mass suspected 

from clinical examination alone, as seen in Fig (16,18). 
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