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Abstract 

The influence of acetylsalicylic acid (ASA) on the elimination of trichloroacetic acid and trichloroethanol 
in the urine, liver and kidney of cytochrome P-450-dependent monooxygenase systems in rats exposed to 
trichloroethylene (TRI) vapours were examined. The obtained results show that acetylsalicylic acid decreased 
the elimination of both trichloroethylene metabolites and induced cytochrome P-450 concentration in the liver, 
whereas slightly inhibited cytochrome b5 and activites of NADPH-cytochrome P-450 reductase and NADH-
cytochrome b5 reductase. After mixed exposures, acetylsalicylic acid elevated cytochrome P-450 concentration 
and NADPH-cytochrome P-450 reductase activity to values observed in the control group. The concentration of 
cytochrome b5 was much lower than after ASA or trichloroethylene alone. The activity of NADPH-cytochrome 
P-450 reductase was strongly inhibited by TRI, whereas in ASA the presence was elevated, but was still 
lower than in control. Acetylsalicylic acid stimulates cytochrome P-450; however, other compounds of the 
MFO system do not react positively on this ester. 
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Introduction 

The use of salicylate has been established for over 100 
years. Today salicylates are available in hundreds of dif-
ferent forms and annual consumption of tablets can be me-
asured in millions. For many years they were used as drugs 
of first choice for the treatment of rheumatic diseases. 
Now, according to their properties, they are widely used for 
modifying inflammation, in the prophylaxis of cerebrovas-
cular disease, coronary artery disease, and arterial trom-
bosis [1]. Acetylsalicylic acid (the salicylate ester of acetic 
acid) is still the most commonly used salicylate in Poland 
(Polpiryna, Polopiryna S, Polopiryna C, Asprocol, Calcipi-
ryna, Aspirin etc.). After oral administration their absorp-
tion follows first-order kinetics with an absorption time 
ranging from 5 to 16 minutes. One route of metabolism of 
acetylsalicylic acid is the way of its rapid hydrolisis to 
salicylic acid (2-hydroxybenzoic acid) in reaction catalized 

by a nonspecific enzyme that has been referred to as aspiri-
nase. Unlike most esterases (which are predominantly 
bound to the microsomal fraction) the enzymes hydroly-
zing acetylsalicylic acid are present in equal amounts in the 
cytosol [2]. Enzymatic hydrolysis of ASA has been obser-
ved in intestinal mucosa, in liver cytosol, and in serum, 
each being an effective site for detoxication of xenobiotics, 
so only about 68% of the dose reaches the systemic cir-
culation as an acetylsalicylic acid. The serum half time 
duration of acetylsalicylic acid is approximately 20 minu-
tes. Substantial evidence indicates that mitochondria con-
tain a cytochrome P-450 like enzyme system which is in-
volved in the biotransformation of salicylate to reactive 
intermediates, capable of protein binding. Renal mitochon-
dria were 4 times more active than liver ones in converting 
salicylate to 2,3-dihydroxybenzoic acid, the catechol analo-
gue of salicylate [3]. Isolated renal mitochondria converted 
salicylate to its ortho hydroxylation products, 2,3-dihydro- 



 

 

xybenzoate (2,3-DHBA), but produced very little gentisina-
te (2,5-DHBA). The formation of salicylate derived reac-
tive intermediates can also occur via hydroxyl radials gene-
ration, but this mechanism of salicylate oxidation is still 
unknown. Hepatic and renal metabolism of salicylic acid 
produce the glicyne conjugate, salicyluric acid (49% 
- 72%), and the glucuronic conjugates, salicyl phenolic and 
acyl glucuronide as the major urinary metabolites of acetyl-
salicylic acid in man after therapeutic doses. The ring pro-
ducts of salicylic acid, gentisic acid (2,5-DHBA) and 2,3-
dihydroxybenzoic acid, together with gentisuric acid and 
salicyluric acid phenolic glucuronide are all formed in 
minor amounts [4,5]. At low salicylic acid concentrations, 
the maximum formation of salicylic phenolic glucuronide 
and salicyluric acid is easy to obtain and their formation is 
described by Michaelis-Menten kinetics. The other metabo-
lic products follow first-order kinetics [1]. Salicylic acid 
(small amounts of unchanged) and its metabolites are re-
nally excreted. The rate of elimination is influenced by 
urinary pH, the presence of organic acids, and the urinary 
flow rate. 

Metabolic pathways for trichloroethylene (TRI) appear 
to be qualititavely similar in mice, rats, and humans. TRI 
metabolism is quantitaly different as metabolic capacity is 
considerably lower in rats compared to mice. The amount 
of metabolized TRI in mice is more proportional to body 
surface than to body weight. It would be expected that the 
same would be true for humans. The main TRI metabolites 
are trichloroacetic acid (TCA) and trichloroethanol (TCE). 
Both are accepted as biological markers in the assessment 
of risk from TRI exposure. 

Occupational exposure to high atmospheric concentra-
tions of trichloroethylene can cause headaches and nausea, 
which may lead to taking analgetics. Acetylsalicylic acid 
and other drugs containing this substance are non-prescrip-
tion medications commonly taken by people, both acciden-
tally and intentionally, so there is the possibility that this 
drug might influence liver biotransformation of trichloro-
ethylene, and finally may change the urine excretion of its 

main metabolites which are accepted as biological markers 
in the assessment of risk from exposure. 

The aim of this study was to evaluate the influence of 
acetylsalicylic acid on the liver and kidney system of cyto-
chrome P-450-dependent monooxygenases and the urine 
elimination of trichloroacetic acid and trichloroethanol in 
rats exposed to trichloroethylene. 

Materials and Methods 

Materials 

All chemicals and reagents used were of analitycal gra-
de. Trichloroethylene was purchased from Ubichem (Ham-
pshire, England). Carbon disulfide and acetylsalicylic acid 
were purchased from Merck (Darmstadt, Germany). 

The rats were obtained from Animal Husbandry, Depar-
tment of Toxicology, Karol Marcinkowski University of 
Medical Sciences of Poznan, Poland. 

Experimental Procedures 

The experiments were performed on adult male Wistar 
rats weighing approximately 270 g (± 10%). The rats were 
housed in a humidity (60%) and temperature (22 ± 2°C) 
controlled room with 12/12 hours light/dark cycle. The ani-
mals were fed the standard Murigram chow and allowed 
tap water ad libitum. 

The rats were treated in a dynamic exposure chamber 
(126 dm3) for five consecutive days, six hours daily in 
spring (from 8 a.m. till 2 p.m.). 

Two concentrations of trichloroethylene in the air were 
estimated: 1.5 mmol/m3 and 4.5 mmol/m3. Vapour trich-
loroethylene was generated by heating liquid solvent in 
a washer. The designed concentration of vapour was ob-
tained by diluting them in the air. Trichloroethylene con-
centration in the chamber was monitored by gas chromato- 

Table 1. Changes in urine elimination of trichloroacetic acid (TCA) and trichloroethanol (TCE) in rats exposed to trichloroethylene at the 
concentration of 1.5 or 4.5 mmol/m3 of air (6h/day, 5 days), separately or in combination with acetylsalicylic acid (ASA) at doses of 150 or 
300 mg per kg of body weight (x ± SD, n = 6). 
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graphic analysis of air samples that were withdrawn from 
the chamber at 30 min intervals. The chromatograph 
Chrom-5 was used. The separation was performed with 
4 m glass column packed with bentone (5%), squalene 
(5%), dinonyl phthalate (2%) on Chromosorb W. Nitrogen 
was used as a carrier gas. The column temperature was 
80°C, while that of the injection port and detector was set 
at 100°C. 

Before the start of inhalation, rats were pretreated with 
acetylsalicylic acid, administered intragastrically, at doses 
of 150 mg or 300 mg per kg of body weight (1/10 or 1/5 
LD50 for rat). In control groups, the rats received only dis-
tilled water. 

After termination of exposure, rats were placed in Si-
max glass metabolic cages (Czech Republic), and the urine 
samples were collected for the two following days. The 
amounts of trichloroethanol and trichloroacetic acid excre-
ted in the urine were determined according to the Ogata et 
al. method [6]. 

72 hours after exposure termination, rats were decapita-
ted between 8.30 and 9.30 to eliminate circadian fluctua-
tions in the activity of the MFO system [7-10]. Liver and 
kidney microsomes were isolated by the method of Dallner 
[11]. In the microsomal fractions cytochromes P-450 and 
b5 contents were determind by the method of Estabrook 
and Werringloer [12]. NADPH-cytochrome P-450 reducta-
se and NADH- cytochrome b5 reductase activities were 
determined by Hodges and Leonard [13]. 

Cytochromes levels were expressed in nanomoles of 
a cytochrome per 1 milligram of microsomal protein, whe-
ras both the reductase activites were expressed in micromo-
les of reduced cytochrome c per 1 min/mg protein. 

The protein concentration was determined by the method 
of Lowry et al. [14] with bovine albumin as a standard. 

Statistical Analysis 

The results of biochemical analysis were expressed as 
the arithmetic mean of six or three independent measure-
ments for liver and kidney, respectively. To compare dif-
ferent groups we used Student's t-test at p = 0.05. 

The levels of metabolites in urine were presented as the 
arithmetic mean of six independent measurements. Analy-
sis of variance and the Tuckey test were used for statistical 
evaluation of the results [15, 16]. 

Results 

Elimination of Trichloroacetic Acid and 
Trichloroethanol with Urine 

The results of urine elimination of trichloroacetic acid 
(TCA) and trichloroethanol (TCE) in rats exposed to trich-
loroethylen (TRI) at the concentration of 1.5 mmol/m3 or 
4.5 mmol/m3 of air, separately or together with acetylsali-
cylic acid (ASA) at doses of 150 mg or 300 mg per kg of 
body weight are presented in Table 1. 

Our results show that ASA, in dependently of dose, 
diminished excretion of trichloroacetic acid and trichloro-
ethanol in both experimental inhalations of trichloroethylene 
at the concentration of 1.5 mmol/m3 and 4.5 mmol/m3. At 
the lower concentration of TRI (1.5 mmol/m3) we observed 

Table 2. Liver and kidney systems of cytochrome P-450-dependent monooxygenases in rats exposed to TRI (trichloroethylene) at concent-
rations of 1.5 mmol/m3 or 4.5 mmol/m3 of air, separately or together with ASA (acetylsalicylic acid) per os at doses of 150 or 300 mg per kg 
of body weight (6h/day, 5days, x ± SD, n = 6). For more information see Materials and Methods. Abbreviations used: P-450, cytochrome P-
450; NADPH, NADPH-cytochrome P-450 reductase; cyt. b5, cytochrome b5; NADH, NADH-cytochrome b5 reductase. 
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a stronger inhibitory effect of ASA than in others. The 
elimination of TCA in the first 24 hours after exposure was 
diminished by ASA at dose of 150 mg/kg of b.w. by about 
21%, whereas a dose of 300 mg/kg was about 38%. The 
excretion of TCE was weakly inhibited by about 14% and 
26%, respectively. In rats exposed to trichloroethylene at 
a concentration of 4.5 mmol/m3, ASA at the dose of 150 
mg inhibited TCA and TCE excretion by 6% and 9%, re-
spectively, whereas in dose of 300 mg, the elimination of 
both trichloroethylene metabolites was reduced by about 
22% and 20%. 

Liver Cytochrome P-450-dependent 
Monooxygenase System 

In Table 2 the results of contents of cytochrome P-450 
and cytochrome b5 as well as activities of reductases of 
NADPH-cytochrome P-450 and NADH-cytochrome b5 in 
liver and kidney microsomal fraction are presented. 

After the lower ASA dose liver cytochrome P-450 con-
tent tended to increase, while the 1/5 DL50 dose of ASA 
significantly induced this protein (about 130% of the cont-
rol value; Table 2). NADPH-cytochrome P-450 reductase 
activity markedly decreased after the lower ASA dose 
(about 85% of control value, Table 2) and did not change 
after the higher dose. After both ASA doses, cytochrome 
b5 tended to decrease, but the decrease was not significant 
(p < 0.05). The 1/10 DL50 dose of ASA inhibited enzyme 
activity, while after the 1/5 DL50 dose the activity tended to 
increase (Table 2). 

Inhalation of TRI at 1.5 mmol/m3 caused a decrease in 
cytochrome P-450 content (to 85% of control value) but 
did not alter NADPH-cytochrome P-450 reductase activity. 
TRI also decreased cytochrome b5 content (95% of control 
value) and NADH-cytochrome b5 reductase activity (80% 
of control value; Table 2). 

The lower ASA dose combined with TRI decreased the 
extent of inhibition of cytochrome P-450 (90% of control 
value). The higher dose slightly induced this hemoprotein 
(Table 2). None of the ASA doses used in combination 
with TRI altered the activity of NADPH-cytochrome P-450 
reductase as compared with the control. 
The decrease in cytochrome b5 content caused by TRI 
combined with ASA was greater than after TRI alone. In 
contrast, the inhibitory effect of TRI on NADH-cytochro-
me b5 reductase activity was reduced by the lower ASA 
dose, but the higher ASA dose combined with TRI dec-
reased this enzyme activity (about 90% of control value). 
Inhalation with TRI at 4.5 mmol/m3 still more decreased 
cytochrome P-450 content (about 80% of control value) and 
produced a comparable decrease in NADPH-cytochrome P-
450 reductase activity. Cytochrome b5 content and NADH-
cytochrome b5 reductase activity were also decreased, 75% 
and 55% of control value, respectively (Table 2). TRI at 4.5 
mmol/m3 combined with 150 mg/kg ASA decreased 
cytochrome P-450 content, but the decrease was no longer 
observed after the higher dose of ASA. Acetylsali-cylic acid 
reversed the inhibiting effect of TRI on NADPH-
cytochrome P-450 reductase activity, and the higher ASA 
dose even increased this activity (160% of the value found 
in TRI-treated rats). ASA still more decreased cytochrome 
b$ content compared with the content decreased by TRI 
alone, and reduced the inhibiting effect of TRI on NADH-
cytochrome b5 reductase activity. 

Kidney Cytochrome P-450-dependent 
Monooxygenase System 

The lower ASA dose (150 mg/kg) had no effect on 
kidney cytochrome P-450 content, while the doubled dose 
increased it (Table 2). Both ASA doses had no effect on 
kidney NADPH-cytochrome P-450 reductase activity. In 
contrast, NADH-cytochrome b5 reductase activity markedly 
decreased after ASA, while cytochrome b5 content remained 
unchanged. 

TRI at the lower dose decreased the levels of cytochro-
mes P-450 and b5 to 90% and 75% of control values, re-
spectively. The activities of their reductases also decreased 
(Table 2). 

TRI combined with ASA had no significant effect of 
cytochrome P-450 content as compared with the effect of 
TRI alone. However, ASA reduced the inhibiting effect of 
TRI on NADPH-cytochrome P-450 reductase activity; even 
the lower ASA dose restored the reductase activity to the 
control level. 

Cytochrome b5 content was not changed by the com-
bined action of ASA and TRI when compared with that 
after TRI alone. The higher ASA dose reduced the inhibi-
ting effect of TRI on NADH-cytochrome b5 reductase ac-
tivity, although enzyme activity was still 80% of control 
value. 

TRI inhalation (Table 2) inhibited all components of 
both microsome electron transport chains. The weakest in-
hibiting effect was found for NADPH-cytochrome P-450 
reductase (about 75% of control value), while the other 
reductases activity decreased almost 2-fold. Both cyto-
chromes decreased to about 60% of control values. 

ASA did not neutralize the inhibiting effect of TRI on 
cytochrome P-450 content, but only slightly modified it. In 
contrast, the inhibition of NADPH-cytochrome P-450 redu-
ctase activity by TRI was reduced even by the lower ASA 
dose. Compared with TRI alone, both ASA-TRI combina-
tions did not affect cytochrome b5 content but reduced the 
inhibiting effect of TRI on NADH-cytochrome b5 reductase 
activity. This activity, however, was still lower compared 
with control (about 85% of control value). 

Discussion 

Trichloroethylene is an industrial solvent that has been 
extensively used for the degreasing of metals and a variety 
of other purposes. TRI is regarded as a weak hepatotoxi-
cant. Trichloroethylene is metabolized by the liver micro-
somal cytochrome P-450 system to reactive intermediates, 
which are considered responsible for its hepatotoxicity. 
The izoenzymes of cytochrome P-450 involved in trich-
loroethylene metabolism have been identified as CYP 2E1, 
CYP 2B1/2, CYP 2C11, and others [17]. Phenobarbital and 
ethanol are inducers of cytochrome P-450, which accelera-
tes the TRI metabolism and potentiates its hepatotoxicity 
[18, 19]. 

In rats metabolism of orally administered acetylsalicylic 
acid resulted in excretion of 81-91% dose in urine in the 
first 24 h. Salicylic acid is the major urinary metabolite 
(43%-51%). The excretion of salicyluric acid decreased 
with increasing dosages, whereas the excretion of gentisic 
acid and salicyl phenolic and acyl glucuronides increased 
[5]. The profile of acetylsalicylic acid metabolites is quali- 
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tatively similar in man and rat. But there are quantitative 
differences. The rat, like man, has a limited capacity to 
form salicyluric acid but relies on this pathway to a lesser 
extent; saturation was compensated for by increased utili-
zation of other routes. Human dependence on salicyluric 
acid formation was high and in overdose, compensation by 
other routes was incomplete [4, 5, 20]. 

TRI and ASA show differences in their toxicokinetics, 
mainly with respect to metabolism. TRI is transformed by 
oxidation to trichloroethylene oxide, which is subsequently 
converted to chloralhydrate. Chloralhydrate is partialy re-
duced to TCE and partialy oxidized to TCA. The first step 
of the metabolic conversion of TRI to epoxides is catalyzed 
by an appropriate cytochromes P-450 [17]. ASA is rapidly 
hydrolyzed by nonspecific enzymes to salicylic acid. Hepatic 
and renal biotransformation of salicylic acid produce the 
glicyne and glucuronic conjugates as the main metabolites. 
Gentisic acid as well as 2,3-dihydroxybenoic acid together 
with gentisuric acid and salicyluric acid phenolic glucuro-
nide are formed in minor amounts [5]. 

The mechanism of inhibitory effects of acetylacetic acid 
upon TRI transformation to TCA and TCE is not clear. 

Certain administrated chemicals may alter the metabo-
lism of both substances. The inhibition of acetyl salicylic 
acid metabolism has been demonstrated following treat-
ment with benzoic acid, salicylamid and m-xylene. In cont-
rast, the elimination of salicylic acid is enchanced in oral 
contraceptive steroid users and during corticosteroid treat-
ment [21]. The biotransformation of trichloroethylene may 
be changed, for example by ethanol [22-24], organic sol-
vents [25-28] and drugs [29]. 

The decrease in urine TCE excretion with a concomi-
tant increase in the ASA dose can be explained by a higher 
rate of oxidation TCE to either chloral hydrate (CH) [30] or 
TCA [31, 32]. The major metabolic pathway of TCE is 
oxidation to CH by cytochrome P-450 [33]. Cytochrome 
P-450 content slightly increased after ASA treatment, sug-
gesting a higher rate of conversion of TCE into CH than 
into TCA. The concomitant decrease in urine TCA excre-
tion indicates that TCE was not converted into TCA. 

We found that the amount of TRI metabolites in rat 
urine increased rapidly with increasing TRI concentrations 
to which the rats were exposed. Surprisingly, concomitant 
administration of ASA and TRI did not increase the levels 
of metabolites excreted in urine. ASA is a weak inducer of 
cytochrome P-450 [34, 35], and this cytochrome is directly 
involved in the metabolism of TRI. To explain this finding, 
one should study changes in the levels of P-450 isoforms, 
but it seems that CYP2E1 and CYP2B1/2 play key roles 
[17, 36, 37]. 

Low TRI concentrations also affect other liver parame-
ters. Firstly, relative rat liver weight increases [38], and 
secondly, prolonged TRI treatment results in the prolifera-
tion of peroxisomes [39]. The latter may change the meta-
bolic pathway of TRI in hepatocytes, and perhaps this is 
the cause of our findings. 

TRI treatment slightly decreased cytochrome P-450 
content, which disagrees with some reports [19] and is 
consistent with other authors [40, 41]. It decreased the rate 
of its metabolism indicating that TRI damages target en-
zymatic systems [42]. Literature data show that especially 
phenobarbital-induced P-450 isoforms are damaged [17, 
18], which definitely confirms the hepatotoxicity of TRI 

[42], and which impairs the conversion of TRI into TCE 
and TCA. 

The decreasing percentages of TCE and TCA excreted 
in urine indicate the more effective excretion of TRI 
through the lungs [43]. However, one should bear in mind 
that the non-metabolized TRI is also excreted in urine. The 
amount of non-metabolized TRI may reach 20% of the 
whole dose [40] or more [44] when the dose is high. Ano-
ther explanation is that ASA, which was shown to be 
a P-450 inducer, enhances other enzyme activities, inclu-
ding UDP-glucuronic acid transferase. An increased activity 
of the transferase accelerate the binding of TCE and 
TCA to glucuronic acid, thus increasing the elimination of 
this metabolite in the form of glucuronate. 

The changes observed in the MFO system are in agre-
ement with other reports [17, 32, 39]. We have shown that 
TRI inhibits both microsome electron-transport systems, 
which convert TRI into TCA and TCE, the compounds 
having no effect on MFO system activity [45]. One can 
therefore state that TRI impairs the function of the MFO 
system by triggering lipid peroxidation [31]. However, the 
question still remains whether ASA reverses the effect of 
TRI by inhibiting lipid peroxidation or in another way [46]. 
This issue requires further study. 

Interestingly, both the hepatic and renal MFO systems 
showed comparable alterations. It is widely known that the 
renal MFO system is more sensitive [47]. It is difficult to 
find an explanation for this similarity. The reason may be 
the experimental model in which TRI inhaled by rats was 
metabolized mainly in the lungs, while the renal MFO sys-
tem was spared. 

In conclusion, ASA stimulates cytochrome P-450 but 
other components of MFO system. Obtained results sho-
wed protect the MFO system from the negative effect of 
TRI vapors, especially at high doses of trichloroethylene. 
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