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2-thiotriazone (TTZ) is a thiourea derivative that produces marked 
pulmonary toxicity in rats. Previous studies have shown TTZ toxicity 
to be both age and sex dependent (Tate et al., 1991). Immature rats 
(30-40 days of age) are innately resistant to the effects of TTZ. Female 
rats are also resistant with only 40% mortality being produced at 
dosages up to 100 mg TTZ/Kg bw. Resistance or protection against 
TTZ can also be produced by prior exposure to a single sublethal dose 
of TTZ (1 mg/kg), prior pretreatment with N-acetyl-L-cysteine and 
induction with beta-napthoflavone (BNF) (Tate et al., 1991). 

The effects of TTZ, like other thiourea compounds is potentiated by 
diethylmaleate (glutathione depictor) pretreatments. Diethylmaleate 
(DEM) pretreatments also abolished resistance in immature rats, 
female rats, TTZ induced and BNF induced resistant male rats. 
Based on previous results, interest in the glutathione concentration 
in rats dosed with TTZ developed because, glutathione seemed to play 
a major role in the toxicity of TTZ. 

Previous investigations with thiourea indicated that  sulfhydryl 
compounds, including cysteine, and 2-aminoethylisothiouronium 
bromide protected rats against the lethal effects of thiourea 
derivatives (Van Den Brenk et al., 1976). Giri and Combs (1970), 
found that  cysteine and reduced glutathione inhibi ted both 
pulmonary endematogenic effects and hyperglycemic effect of 
pheylthiourea in rats. Several experiments suggested that sulfhydryl 
compounds could modulate susceptibility to the toxicity of thiourea. 
Because of this, the effect of diethylmaleate (DEM) pretreatment on 
the toxicity and covalent binding of 35S ANTU was studied by Boyd 
and Neal (1976). DEM depleted liver and lung GSH levels by 80%. Both 
pulmonary toxicity and i.~n vivo covalent binding was strikingly 
increased after DEM pretreatment. These findings showed that GSH 
could possibly detoxify reactive species involved in the toxicities of 
thiourea by forming non-toxic conjugates (Hollinger et al., 1976). 
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This study was developed to determine if the glutathione 
concentration was affected in TTZ exposed rats and to determine if 
glutathione plays a role in the metabolism and mechanism of action 
of TTZ. 

MATERIALS AND METHODS 

Glutathione content was analyzed in adult male and female rats (3 
rats per group). All animals were dosed intraperitoneally and 
sacrificed by decapitation at 1 hr post-dosing. Control animals were 
administered distilled water (10 ml/kg) and treated animals were 
adminis tered TTZ at doses of 1.25, 2.5, 5, and 10 mg/kg. 
Diethylmaleate (DEM) control animals were administered DEM 
(0.5 ml/kg), and animals pretreated with DEM and subsequently 
dosed with TTZ were administered DEM (0.5 ml/kg) 30 minutes prior 
to dosing with TTZ (10 mg/kg). N-Acetyl-L-cysteine (NAC) control 
animals were administered NAC (150 mg/kg) alone and animals 
pretreated with NAC (150 mg/kg) and subsequently dosed with TTZ 
(10 mg/kg) were administered NAC 30 minutes prior to the 
administration of TTZ. 

Livers and lungs were removed from each of the animals and quick 
frozen in liquid nitrogen. Duplicate sample pieces weighing 
approximately 0.1 g were broken off from frozen liver and lung 
tissues, placed on ice in 2 ml of 2% sulfosalicylic acid and 
homogenized. The homogenate was centrifuged at 10,000 g for 15 
minutes. Fifty microliter aliquots of the supernatant were added to 
cuvettes containing 1 ml of 0.1M phosphate buffer (pH 7.4; 10 ml 0.2M 
monobasic sodium phosphate, 81 ml 0.2M dibasic sodium phosphate, 
diluted to 200 ml with distilled water). A 1000 uM stock standard 
solution of glutathione was prepared with distilled water. Other 
standards were prepared by diluting the stock glutathione (100 uM 
and 500 uM). A 20 ul aliquot of 5,5'-dithiobis-(2-nitobenzoic acid) 
(DTNB) (0.4M in phosphate buffer pH 7.4), was added to each tube, 
mixed and incubated for 15 minutes at room temperature (22-250C). 
Glutathione concentrations were determined by measur ing  
absorbances of samples and standards at a wavelength of 400 nm 
(according to the method of Mitchell et al. 1973 as modified by Droy 
1987). All results are presented as mean _+ SD. Statistical comparison 
between groups are by analysis of variance (ANOVA). 

RESULTS AND DISCUSSION 

2-Thiotriazone produced a dose-dependent decrease in glutathione 
(GSH) concentration in the lung of adult male rats. The decrease in 
GSH (non-protein sulfhydryl) was observed at 1 hr following exposure 
of male rats to TTZ (Table 1). All treatment values were depressed 
from control values. TTZ also decreased non-protein sulhydryl 
(NPSH) concentration in the lungs of adult female rats but, in a dose- 
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i ndependen t  manner .  TTZ did not affect the g lu ta th ione  
concentrations in the liver of neither adult male or female rats, 
except that, 1.25 mg TTZ/kg caused a significant decrease in male 
liver GSH concentration when compared to controls and 10 mg 
TTZ/kg caused a significant decrease in female liver GSH 
concentration. These results suggest that glutathione probably plays 
a protective role in the metabolism of TTZ in both male and female 
rats  and tha t  glutathione concentration in the lungs is very 
important in the detexification of TTZ. The exact reasoning for the 
abrupt decrease in glutathione concentration at 1.25 mg TTZ/kg in 
male liver and at 10 mg/kg in female liver may be due to increased 
absorption or availability of TTZ to exert an effect on the glutathione 
concentration in the liver. 

The importance of GSH in TTZ induced pulmonary toxicity was 
tested by pre t rea tment  of adult  male and female rats  with 
diethylmaleate (DEM). Both liver and lung GSH levels were depleted 
by DEM (Table 2). DEM depleted liver GSH in male rats to 10.5% of 
control and 25.9% of control in female rats. Lung GSH levels were 
depleted to 7.1% of control in males and 22.1% of control in females. 
DEM-TTZ (combined treatment) depleted liver GSH in male rats to 
1.09% of control and 18.3% of control in females; lung GSH 
concentration in male rats was depleted to 27% of control and 43.7% 
of control in female rats. These results show that DEM depleted GSH 
stores in in both the liver and lung of both male and female rats. 
However, GSH was depleted more in the liver than in the lungs. The 
increase in GSH in the lungs of both male and female rats may be 
due to subsiding effects of DEM, as resynthesis of GSH in the lung is 
faster than resynthesis in the liver. Glutathione concentrations in 
the lung of female rats were much higher than those of males 
administered DEM-TTZ and DEM alone. The fact that  higher 
concentrations of GSH were present in the lungs of female rats after 
depletion with DEM suggest that more GSH was available, which 
could deactivate reactive metabolites formed by metabolism of TTZ. 
Previous studies by Tate et al. 1991 showed that DEM pretreatment 
potentiates the toxicity of TTZ in adult and immature rats producing 
90-100% mortality at sub-lethal doses. 

The effect of N-acetyl-L-cysteine (NAC), on GSH levels in liver and 
lungs of rats treated with TTZ is shown in Table 3. Administration of 
NAC mainta ined liver GSH concentrat ions significantly above 
control values even in the presence of a toxic dose of TTZ (10 mg/kg) 
in male rats (152.2% of control for NAC treated rats and 149.5% of 
control for NAC-TTZ treated rats). Also, liver GSH concentrations 
were maintained at 89.8% of control values for NAC treated female 
rats (Table 3). Lung GSH concentrations were maintained in male 
rats at 96.9% of controls in rats treated with NAC alone and 87% of 
control for NAC-TTZ treated animals. However, female lung GSH 
concentrations were significantly decreased to 33-43% of control. 
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These results show that NAC maintains glutathione concentration to 
much higher levels when animals are exposed to TTZ, which would 
in turn protects the rats from TTZ toxicity. These results also suggest 
that  GSH synthesis in females may be high enough to keep up with 
the depletion caused by TTZ (Previous studies by Tate et al. 1991 
showed that  female rats were more resistant to TTZ toxicity than 
male rats). Also instead of increasing the concentration of 
glutathione in the lungs of female rats NAC had a negative effect, 
possibly because of the overabundance of glutathione. 
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