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Abstract. The objective of this study was to evaluate the toxicokinetics and metabolism of pseudocumene after inhalation
exposure. Male Wistar rats were exposed to pseudocumene vapors at nominal concentrations of 25, 100 or 250 ppm in the
dynamic inhalation chambers for 6 h. Blood samples were collected during (between 1st and 6th h) and after exposure
(betwen 6th min and 6th h). Blood concentrations of pseudocumene were estimated by gas chromatography using the
headspace technique. During a six-hour exposure, the concentration of pseudocumene in blood increased rapidly within
the first 2 h reaching then a plateau. The elimination of pseudocumene from blood followed an open two-compartment
model. Urine samples were collected from the exposed animals, and metabolites were analyzed by gas chromatography
with a flame ionization detector. Three metabolites were measured in the rat urine after hydrolysis: 3,4-dimethylbenzoic
acid (3,4-DMBA), 2,4-dimethylbenzoic acid (2,4-DMBA) and 2,5-dimethylbenzoic acid (2,5-DMBA). A significant linear
correlation was found between the level of exposure and the concentration of dimethylbenzoic acids. The enzyme kinetics
of pseudocumene biotransformation was calculated by Lineweaver-Burk equation. Metabolic constants, K| (mg/l) and
V ax (mg/h/kg), the parameters for pseudocumene biotransformation by rats were estimated (3,4-DMBA -K =28,V
=96;24-DMBA-K =7,V =2525DMBA-K =7V =23)

max

Key words:
Pseudocumene, Urinary metabolite, Toxicokinetic study, Inhalation, Rats

INTRODUCTION Chemie B. V), Jolasol (J. L. C. Chemie, Austria) and Farba-
sol (Polifarb-Cieszyn S. A., Poland).

Pscudocumene (CoH,, 1,2,4-trimethylbenzene, CAS No. Pseudocumene undergoes a rapid distribution in the rat

95-63-6), one of three trimethylbenzene isomers occurs in
the natural environment mainly as an oil component.
Pseudocumene is produced mostly during the catalytic
reforming of petroleum. It is a major component of many
commonly used commercial solvents, such as Solvesso 100
(Exxon Chemical, Belgium), Shellsol A (Shell Netherland

body. After a twelve-hour inhalation exposure to pseudoc-
umene at 1000 ppm, high concentrations of the compound
were found in the blood, brain and fat tissues of the rat.
Following a fourteen-hour repeated exposures to pseudoc-
umene, the brain/blood and fat/blood distribution ratios
were 2.0 and 63, respectively [1]. In the human exposure to
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pseudocumene at the concentration of 30 ppm for 8 h, its
elimination from blood was rapid within the first 20 min
after the termination of exposure and then very slow,
which may suggest that pseudocumene accumulates in tis-
sues [2]. Pseudocumene undergoes metabolic transforma-
tion in the rat body that leads to the production of
dimethylbenzoic acids excreted with urine mostly bound to
glycine, glucuronic acid and sulfuric acid [3].

MATERIALS AND METHODS

Chemicals

Pseudocumene was supplied by Fluka (Cat. No. 8§2542),
its purity was > 97%. The conversion factors for pseudoc-
umene: 1 ppm = 4.92 mg/m?, 1 mg/m3 = 0.20 ppm.

Animals and inhalation exposure

Male Wistar rats Imp: DAK (four animals in each group) of
body weight 180-370 g were exposed to psudocumene vapors
at the nominal concentration of 25, 100 or 250 ppm in the
dynamic inhalation chambers (volume, 250 dm?) for 6 h.
The animals were exposed to different pseudocumene
concentrations in separate inhalation exposures, depend-
ing on the biological material (blood, urine) collected, or
the time of blood collection. Table 1 gives nominal and
actual pseudocumene concentrations in toxicological
chambers and the mean values of the body mass of rats
from which biological material was collected for further
analyses. Chamber relative temperature and humidity
were maintained at 20-23°C and 45-60%, respectively.

Vapors of pseudocumene were generated by heating lig-
uid solvents in a washer. The desired concentrations of
vapors were obtained by diluting them with the air.
Concentrations of solvent vapors in the exposure chamber
were measured every 30 min by means of gas chromatog-
raphy (Hewlett-Packard 5890) with a flame ionization
detector (FID) using capillary column (HP-1; 30 m « 0.53
mm ¢ 2.65 um film thickness). The operating conditions
were: carrier — argon, constant flow mode, column flow 10
cm’/min; make-up gas (argon) 20 cm¥/min; air 300
cm?/min; oven 150°C; inlet split 200°C; detector 200°C.
Vapor samples (0.5 dm?) were adsorbed on solid sorbent
tube (charcoal activated for gas chromatography,
MERCK, 20-35 mesh, 100 mg/50 mg) and desorbed with
carbon disulfide (0.5 cm?, stand 15 min).

Blood samples

Blood samples drawn from the tail vein were collected
during the 1st, 2nd, 3rd, 4th, 5th and 6th h of exposure,
aswell as 3, 15,30, 45 min and 1, 2, 3, 4, 5, 6 h after its
termination in heparinized glass capillary tubes of 100 ul
volume.

Blood concentrations of pseudocumene were estimated
by gas chromatography combined with the headspace
technique, using p-xylene as an internal standard [4]. Gas
chromatograph (Hewlett Packard 5890 Series II) was
equipped with FID. The working temperature of capillary
column (HP-1; 30 m « 0.53 mm ¢ 2.65 um film thickness)
was 100°C. The operating conditions were: carrier — heli-
um, constant flow mode, column flow 10 cm?/min; make-

Table 1. Mean air concentrations (£SD) of pseudocumene in the inhalation chambers and the mean values of body mass (£SD) of rats from which

the biological material was collected

Pseudocumene nominal

Pseudocumene actual

Biological material concentration in inhaled air ~ concentration in inhaled air Body(vx;elght
(ppm) (ppm) :
25 25+2 200 + 10
Blood collected from animals during a 6-h exposure 100 109 = 10 228+ 10
250 202 + 21 190 + 12
25 260+3 349+ 6
Blood collected from animals after a 6-h exposure 100 101 +3 333 £ 18
250 2389 336+5
25 27+£3 355 £ 10
Urine collected from animals after a 6-h exposure 100 98=x3 33810
250 2407 330 £ 12
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up gas (argon) 20 cm3/min; air 300 cm?/min; inlet split
180°C; detector 200°C.

Urine samples

Urine samples were collected 18 h after the termination of
exposure in metabolic cages (TECNIPLAST). Three
metabolites of pseudocumene (3,4-dimethylbenzoic acid
(3,4-DMBA), 2,4-dimethylbenzoic acid (2,4-DMBA) and
2,5-dimethylbenzoic acid) were measured by gas chro-
matography equipped with FID (Hewlett Packard 6890
Plus, Chem Station Rev. A. 08. 03) using 2-naphthol as an
internal standard [2]. Urine samples (2 cm?) were
hydrolyzed (2 cm? 11 mol NaOH, 1 h at 100°C). After cool-
ing, 5 cm? of 6 N H,8O, with 0.5 g NaCl was added and
then extracted (10 cm? ethyl ether, 10 min). The ether layer
of 5 cm® was collected, after evaporation of ethyl ether the
residue was silylated for 30 min (70°C) with 0.5 cm? N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA). Samples
were separated using a HP-PONA methyl siloxane capillary
column (50 m * 0.2 mm ¢ 0.5 um film thickness); pro-
grammed temperature: initial oven temperature — 40°C/0.5
min; rate A — 5°C/min to 85°C, held for 0 min; rate B -
3°C/min to 220°C, held for 14 min; rate C — 20°C/min to
240°C, held for 25 min; programmed pressure: initial pres-
sure — 2.047 bar/39 min; rate A — 5 bar/min to 0.8 bar, held
for 40 min; rate B — 5 bar/min to 2.047 bar, held for 1 min.
Split injection with a split ratio of 5:1 and helium at nomi-
nal initial flow of 0.9 ml/min was used as carrier gas.

Calculations

The kinetic analysis of pseudocumene in blood was calcu-
lated on an open two-compartment model using
SigmaPlot 4.0 (Jandel Corporation) for Windows. The
and V_ ) for
pseudocumene metabolism were estimated by analyzing

Michaelis-Menten parameters (K

Lineweaver-Burk plots using the Microsoft Excel 5.0.

RESULTS

Blood pseudocumene concentrations in the rats during a
six-hour inhalation exposure to its vapors at nominal con-
centrations of 25, 100 or 250 ppm are summarized in Table

Table 2. Blood pseudocumene concentrations during a 6-h inhalation
exposure to pseudocumene

Pseudocumene (mg/l)

Time
25 ppm 100 ppm 250 ppm
15 (min) 0.22 £ 0.07 1.12 £ 0.80 4.02 +0.85
30 0.33 £0.08 1.99 = 1.09 4.87 + 1.61
45 0.49 £ 0.16 3.56 £ 0.49 6.97 £ 1.22
1(h) 0.53 £0.14 4.29 £ 0.60 8.67 £ 0.54
2 0.73 £ 0.16 510+ 034 14526
3 0.80 = 0.17 6.22 = 0.70 17.8 £ 1.6
4 0.72 £ 0.15 740 = 1.05 200%05
5 0.79 £ 0.22 7.72 = 1.48 23326
6 0.94 £ 0.16 832+ 134 236%18

Results are presented as mean £SD.

Table 3. Toxicokinetics of pseudocumene absorption in blood during a
6-h inhalation exposure to pseudocumene

Exposure (ppm)  Absorption equation Half-life
25 A =083(1-¢l 08 38 min
100 A =810(1 - el 1h 8 min
250 A =258(1-¢e041 1h 41 min

2. The analysis showed that after a single exposure, the
increase in the pseudocumene concentration was depend-
ent on the level of exposure. During a six-hour exposure
to 25, 100 or 250 ppm, the blood pseudocumene concen-
tration increased rapidly within the first 2, 4 or 5 h, respec-
tively, reaching then a plateau. The kinetics of changes in
pseudocumene blood concentration during exposure,
expressed in equations, is presented in Table 3. The half-
life (t,) of pseudocumene in blood increased with
increasing level of inhalation exposure.

Pseudocumene concentrations in blood after a six-hour
inhalation exposure to its vapors at 25, 100 or 250 ppm are
presented in Table 4. The elimination of pseudocumene
from blood followed an open two-compartment model.
The half-life of pseudocumene in blood of laboratory ani-
mals increased with increasing level of exposure in both
phases: I (rapid) and II (slow) (Table 5).

The concentrations of dimethylbenzoic acid (DMBA) in
urine after termination of exposure to pseudocumene at
concentrations of 25, 100 or 250 ppm are given in Table 6.
Among the three metabolites measured in urine after
exposure termination, 3,4-DMBA was the key one. Table
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Table 4. Blood pseudocumene level after a 6-h inhalation exposure to pseudocumene

Pseudocumene (mg/l)

Time 25 ppm 100 ppm 250 ppm

3 (min) 0.68 = 0.09 444 +1.54 20.9 = 4.03
15 0.47 £ 0.04 372 £0.96 20.7 £5.13
30 0.40 = 0.05 2.98 £ 0.88 171+ 471
45 0.36 +0.04 2.89 +0.86 15.9 £ 5.74
1(h) 0.34 +0.03 1.79 £ 0.49 14.9 +3.77
2 023 £0.04 1.25 £ 0.33 10.2 + 3.04
3 0.17 £ 0.04 0.88 = 0.29 8.05 £ 225
4 0.12 £ 0.02 0.61 £0.20 6.13 = 1.64
5 0.10 = 0.02 041 +0.14 3.98 +0.43
6 0.08 +0.02 0.33 £ 0.06 320 £ 0.52

Results are presented as mean =SD.

Table 5. Toxicokinetics of pseudocumene elimination from blood after
a 6-h inhalation exposure to pseudocumene

Table 6. Urine concentrations of dimethylbenzoic acid (DMBA) after
the termination of pseudocumene exposure

. Half-life
Xposure o .
Elimination equation
(ppm) d Phalse I Phase 11
(min)
25 E = 0.60e*09 + 0.30¢0-18t 10 3 h 37 min
100 E = 4.50e147 + 0.95¢0-13t 28 20 min

250 E = 20.0¢073¢ + 5,00e0-04 57 17 h 20 min

7 shows the statistically significant linear correlation
between pseudocumene exposure, urinary concentration
of 2,5-DMBA, 2,4-DMBA, 3,4-DMBA and the sum of iso-
meric dimethylbenzoic acids. The correlation coefficients
between pseudocumene in air and urinary simple DMBA
and the sum of DMBA were similar.

Lineweaver-Burk plots for urinary pseudocumene
metabolites are shown in Fig. 1. The results of metabolic
constants (V. and K ) are given in Table 8.
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4 24-DMBA ® 34-DMBA

Fig. 1. Lineweaver-Burk plots for the formation of dimethylbenzoic
acid (DMBA) by the rats. V = mg/h/kg b.w.; S = substrate concentra-
tion, mg/l.
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Pseudocumene  2,5-DMBA 2,4-DMBA 3,4-DMBA
(ppm) (mgfl) (mg/l) (mg/l)
25 23.6 £ 8.6 37.6 £ 129 79.9 =333
100 540+54 130.9 £ 22.1 200.8 +25.8
250 1094 = 71.1 3088 +£220.1 571.8 = 381.6

The values of metabolic constants were much higher for
3,4-DMDA than those for 2,5-DMBA and 2,4-DMBA.

DISCUSSION

The study revealed a rapid increase in blood pseudoc-
umene concentrations in a single inhalation exposure of
rats, especially during the first hours of exposure. The
half-life increased with the increasing level of exposure.
Pseudocumene concentrations in different tissues, includ-
ing blood, after inhalation exposure have been analyzed
by Zahlsen et al. [5]. They found that after exposure at 100
ppm for 12 h, the blood pseudocumene concentration
accounted for 1.7 £ 0.08 mg/kg. In our study, the values of
psedocumene concentrations in rats after exposure at a
similar level were four times higher. It is likely that the dif-
ferences result from different methods of blood collec-
tion (in the study carried out by Zahlsen et al. [5], blood
was collected after decapitation), or from the differences
in time of blood collection after exposure termination.
A similar dynamics of increase in psedocumene concen-



TOKICOKINETICS AND METABOLISM OF PSEUDOCUMENE ORIGINAL PAPERS

Table 7. The relationship between pseudocumene exposure and urinary concentration of dimethylbenzoic acid

Regression equations

Correlation coefficient Significance level

Metabolites y (mg/l); X (ppm) : p<
2,5-DMBA y = 041x + 134 0.80 0.002
2,4-DMBA y=137x + 441 0.81 0.002
3,4-DMBA y=231x+0.29 0.82 0.002
2,5-,2,4-;34-DMBA y=39% + 18.1 0.82 0.002

Table 8. Michaelis-Menten parameters estimated for pseudocumene
biotransformation by rats after inhalation exposure to pseudocumene.

i Metabolic constant
Metabolite

K, (mg/l) Vi, (mg/h/kg)
2,5-DMBA 7 23
2,4-DMBA 7 25
34-DMBA 28 9%

trations in capillary blood, collected in a group of volun-
teers, was observed by Kostrzewski et al. [2] and Jarnberg
et al. [6] during an eight-hour exposure at 30 ppm and a
two-hour exposure at 25 ppm, respectively.

Like in laboratory animals, in humans the blood pseudoc-
umene concentrations increased rapidly within the first
hours of exposure. Both teams of researchers,
Kostrzewski et al. [2] and Jarnberg et al. [6] observed in
volunteers a rapid elimination of pseudocumene from
blood. In the study by Kostrzewski et al. [2], the kinetics of
pseudocumene elimination from blood was presented on
a triphasic model with half-lives of 10 min, 20 min and 44
h. Jirnberg et al. [6], analysing this process (25 ppm, 2-h
exposure), used a four-phase model resulting in half-lives
of 1.3 min, 21 min, 3.6 h and 87 h. In our study, the elimi-
nation of pseudocumene from blood on an open two-
compartment model was proposed.

The differences in pseudocumene elimination from blood
between animals and humans is probably associated with
a more rapid metabolism in rats and different permeabil-
ity of pseducumene to and from tissues. Zahlsen et al. [5]
observed high pseudocumene concentrations in different
animal tissues after the termination of exposure (100
ppm, 12-h exposure); 12 h after the exposure termination,
they were low or close to zero.

Pseudocumene metabolism in rats leads to the production
of isomeric dimethylbenzoic acids, trimethylphenols and

dimethylbenzyl alcohols. They are excreted with urine
mostly as glucuronide, sulfate, mercapturic acid and
dimethylhippuric acid [7]. Both in laboratory animals and
in humans, pseudocumene metabolism is mainly directed
towards isomeric dimethylbenzoic acids, which may be an
indicator of the level of pseudocumene exposure.

Fukaya et al. [8] suggest that the urinary concentration of
3,4-dimethylhippuric acid (3,4-DMHA) may be a useful
indicator for biological monitoring of pseudocumene
exposure. Kostrzewski et al. [2] propose the value of bio-
logical exposure limit for pseudocumene as the sum of
2,4-DMBA, 2,5-DMBA and 3,4-DMBA metabolites. The
analysis of the concentrations of pseudocumene metabo-
lites revealed the relationship between the concentration
of pseudocumene in the air and the concentration of
DMBA acids in urine of animals exposed to pseudoc-
umene. It is likely that the determination of at least one of
the three isomeric dimetylbenzoic acids could be a useful
indicator for biological monitoring of pseudocumene
exposure.
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