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Introduction

A very wide use of petroleum products may be harm-
ful after control to the human body. Mesitylene is a com-
ponent of many petroleum products. In some organic sol-
vents its share may even reach about 10% and in gasoline 
of different kinds its content is estimated at about 1% 

[1–3]. Animal studies show that mesitylene vapours exert 
neurotoxic and irritating effects on animals. It has been 
evidenced that the irritating effect of mesitylene on the re-
spiratory tract of mice is four and eight times higher than 
that of xylene and toluene, respectively [4]. The neuro-
toxic effect of mesitylene on rats, assessed on the basis of 
the locomotion coordination test on rotary rollers, after a 
4-h inhalation exposure, proved to be four times higher 
than that of toluene and xylene [5]. Changes in alkaline 

Mesitylene (1,3,5-Trimethylbenzene) in the Liver, Lung, 
Kidney, and Blood and 3,5-Dimethylbenzoic Acid in the 
Liver, Lung, Kidney and Urine of Rats after Single and 

Repeated Inhalation Exposure to Mesitylene
R. Świercz*, W. Wąsowicz, W. Majcherek

Department of Toxicology and Carcinogenesis, Nofer Institute of Occupational Medicine,  
8 Św. Teresy Str., 91-348 Łódź, Poland

Received: June 30, 2005
Accepted: December 8, 2005

Abstract

The aim of our study was to explore the tissue distribution of 3,5-dimethylbenzene acid (3,5-DMBA) 
and its excretion with urine of rats and to evaluate toxicokinetics of mesitylene in blood of rats after single 
and repeated inhalation exposure to mesitylene vapours.

Experiments were performed on male outbred IMP:WIST rats. The animals were exposed to mesitylene 
vapours at the target concentration of 25, 100, and 250 ppm in dynamic inhalation chambers for 6 h at single 
exposure and for 4 weeks (6 h/day for 5day/week) at repeated exposure.

The study revealed in rats, after inhalation exposure to mesitylene, exposure-dependent increases in 
3,5-DMBA tissue concentration and urinary excretion as well as enhanced mesitylene concentration in 
tissues and blood. After termination of exposure, mesitylene was rapidly eliminated from blood of rats. 
Mesitylene retention reduced in rat lungs after repeated exposure, as compared to a single exposure, was 
most likely the reason for its lower concentration in lungs and blood. Compared with single exposure, 
3,5-DMBA concentration increased in rat lungs after repeated inhalation exposure to mesitylene at 100 
and 250 ppm, and in the liver at 250 ppm, which may be associated with the induction of mesitylene-me-
tabolizing enzymes.

Mesitylene metabolism in the lungs of the rats after repeated exposure to its low concentrations prob-
ably had a significant impact on the increased urinary excretion of 3,5-DMBA.
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phosphate (AP) activity in blood serum of rats were ob-
served after single exposure, and the increased aspartate 
aminotransferase (GOT) after repeated exposure to me-
sitylene vapours. Neither single nor repeated inhalation 
exposures to mesitylene vapours had any impact on the 
haemoglobin level or erythrocyte and leukocyte counts 
[6, 7]. After repeated administration of mesitylene by 
gastric tube, the activity of microsomal enzymes of the 
liver, kidney, and lung was increased in rats [8,9]. In rats, 
like in humans, biotransformation leads to the produc-
tion of 3,5-dimethylbenzoic acid (3,5-DMBA), which is 
excreted with urine in the form of 3,5-dimethylhippuric 
acid [10, 11].

The aim of the study was to explore the distribution 
of mesitylene and 3,5-DMBA in tissues as well as the ki-
netics of mesitylene excretion with blood and 3,5-DMBA 
excretion with urine in rats after termination of single and 
repeated inhalation exposures to mesitylene at concentra-
tions of 25, 100, and 250 ppm.

Materials and Methods

Chemicals

Mesitylene (1,3,5-trimethylbenzene, 1.3.5-TMB, No. 
CAS:108-67-8) was supplied by Fluka (Cat. No. 63910), 
its purity was ≥ 99%. The conversion factors for mesity-
lene: 1 ppm ~ 4.92 mg/m3.

Animals and Inhalation Exposure Monitoring

Male Wistar rats IMP: WIST (five animals in each 
group) of body weight 232-350 g (2-3 months old) were 
exposed to mesitylene vapours at the target concentra-
tion of 0, 25, 100, and 250 ppm in the dynamic inhalation 
chambers (volume 0.25 m3, 15 changes per hour) for 6 h 
or 4 weeks (6h/day, 5 days/week). The exposure chambers 
used on this study were constructed of stainless steel and 
glass. The chambers were operated in a one-pass, flow-
through mode with air flow rates adequate to provide suf-
ficient oxygen for rats and enable adequate distribution of 
mesitylene in the chambers. The animals were given stan-
dard laboratory diet and water ad libitum except for the 
exposure to mesitylene vapours in the dynamic inhalation 
chambers. Body weight of the rats was measured once per 
week. Table 1 gives target and actual mesitylene concen-
trations in toxicological chambers and the mean values 
of body mass of the rats, from which biological mate-
rial was collected for further analysis. Chamber relative 
temperature and humidity were maintained at 21-23°C 
and 35‑45%, respectively. Chamber oxygen concentra-
tion was targeted to at lest 19%. Mesitylene vapours were 
generated by heating liquid solvents in a washer. The de-
sired concentrations of vapours were obtained by diluting 
them with air. Concentrations of solvent vapours in the 
exposure chamber were measured every 30 min by gas 
chromatography (Hewlett-Packard 5890) with a flame 
ionization detector (FID) using capillary column (HP-1; 
30 m, 0.53 mm, 2.65 µm film thickness). The operat-

Table 1. Mean air concentrations (±SD) of mesitylene in inhalation chambers and mean values of body mass (±SD) of rats, from which 
the biological material was collected.

Biological material
Mesitylene target concentration 

in inhaled air
(ppm)

Mesitylene concentration in 
inhaled air

(ppm)

Body weight
(g)

Liver, lung and kidney 
homogenates collected from 
animals after a 6-h exposure

Control
25
100
250

0
25 ± 2
97 ± 14
254 ± 20

246 ± 9
254 ± 11
242 ± 14
249 ± 7

Liver, lung and kidney 
homogenates collected 

from animals after a 4-week 
exposure

Control
25
100
250

0
23 ± 2
101 ± 8
233 ± 16

331 ± 17
311 ± 26
320 ± 38
328 ± 21

Blood collected from ani-
mals after a 6-h exposure

Control
25
100
250

0
24 ± 2
101 ± 7
240 ± 22

251 ± 7
250 ± 5
239 ± 7
249 ± 10

Blood collected from 
animals after a 4-week 

exposure

Control
25
100
250

0
23 ± 2
101 ± 8
233 ± 16

310 ± 9
307 ± 15
310 ± 33
309 ± 19

Urine collected from  
animals after a 6-h exposure

Control
25
100
250

0
25 ± 2

102 ± 10
238 ± 27

280 ± 9
278 ± 10
335 ± 15
273 ± 18

Urine collected from animals 
after a 4-week exposure

Control
25
100
250

0
25 ± 2

102 ± 10
238 ± 27

310 ± 10
295 ± 15
331 ± 19
320 ± 28
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ing conditions were: carrier gas – helium, constant flow 
mode, column flow 10 cm3/min; make-up gas (helium) 20 
cm3/min; air 300 cm3/min; oven 150°C; inlet split 200°C, 
detector 200°C. Vapour samples (0.5 dm3) were absorbed 
on solid sorbent tube (charcoal activated for gas chroma-
tography, MERCK, 20 – 36 mesh, first layer, 100 mg and 
second layer, 50 mg) and desorbed with carbon disulphide 
(0.5 cm3, stand 15 min).

Biological Material Collection and Analysis for 
Mesitylene

Samples of the liver, lung and kidney were derived 
from mesitylene-exposed rats after decapitation. Samples 
were stored in glass vessels at –80°C. The tissues were 
homogenized before the determination of mesitylene 
(ULTRA-TURRAX T8, IKA-WERKE). In about 100 mg 
of organ homogenate, mesitylene was quantitatively as-
sessed. Venous blood samples drawn from the tail vein 
were collected 3, 15, 30, and 45 min and 1, 2, 3, 4, 5, and 
6 h after termination of exposure to mesitylene vapours 
in heparinized glass capillary tubes with volume of 100 
µl. The collected samples were stored at +5°C until the 
determinations. Blood and tissue mesitylene concentra-
tions were estimated by gas chromatography combined 
with the headspace technique, using p-xylene as an inter-
nal standard [12]. Gas chromatography (Hewlett-Packard 
5890 Series II) was equipped with FID. The working tem-
perature of capillary column (HP-1; 30 m, 0.53 mm, 2.65 
µm film thickness) was 100°C. The operating conditions 
were: carrier gas – helium, constant flow mode, column 
flow 10 ml/min; make-up gas (helium) 20 ml/min; air 300 
ml/min; inlet split 180°C, detector 200°C. The limit of 
detection of mesitylene was 0.05 µg/g wet tissue and was 
the same for blood analysis.

Biological Material Collection and Analysis for 
3,5-DMBA

Samples of the liver, lung and kidney were derived 
from mesitylene-exposed rats after decapitation. Samples 
were stored in glass vessels at –80°C. The tissues were 
homogenized before the determination of mesitylene me-
tabolite (ULTRA-TURRAX T8, IKA-WERKE). Urine 
samples were collected 18 h starting immediately after ter-
mination of exposure in metabolic cages (TECNIPLAST). 
Urine samples were stored in glass vessels at –20°C. 3,5-
DMBA, mesitylene metabolite, was measured in urine 
and tissue samples. The metabolite was measured by gas 
chromatography equipped with FID (Hewlett-Packard 
5890 Plus, Chem Station Rev A. 08.03), using 2-naphthol 
(Fluka) as internal standard and 3,5-DMBA (Fluka) as 
standard [13]. Tissues (0.25 – 2 g) or urine samples (2 ml) 
were hydrolysed (2 ml 11 mol NaOH, 2 h at 95°C). After 
cooling, 5 ml of 6 N H2SO4 with 0.5 g NaCl was added 
and then extracted (10 ml diethyl ether, 10 min). The ether 

layer of 5 ml was collected after evaporation of diethyl 
ether, the residue was silylated for 30 min (70°C) with 
0.5 ml N,O-bis(trimethylsilyl)trifluoroacetamine (BST-
FA; Fluka). Samples were separated, using an HP-PONA 
methyl siloxane capillary column (50 m, 0.2 mm, 0.5 µm 
film thickness); programmed temperature: initial oven, 
40°C/0.5 min; rate A, 5°C/min to 100°C, held 1 min; rate 
B, 3°C/min to 150°C, held 10 min; rate C, 3°C/min to 
160°C, held 30 min; rate D, 20°C/min to 240°C, held 30 
min. Split injection with a split ratio of 10:1 and helium 
at the constant flow of 0.6 ml/min was used as carrier gas. 
The limit of detection for all metabolites was 0.25 µg/g 
wet tissue and was the same for urine analysis.

Statistical Analysis

A two-way analysis of variance with simple effects 
to evaluate 2 x 3 factorial experiment having five ob-
servations per cell and log-linear models to describe as-
sociation patterns among categorical variables (6-h and 
4-week) and concentrations (25, 100, and 250 ppm) [14, 
15]. When interaction was significant, Student’s t-test was 
performed [16]. A value of p < 0.05 was considered to in-
dicate statistical significance. The kinetic analysis of me-
sitylene in blood was calculated on an open two-compart-
ment model, using SigmaPlot 4.0 (Jandel Corporation) for 
Windows.

Results

All the rats survived inhalation exposure to mesitylene. 
Masses of tissues collected from animals after termination 
of exposure to mesitylene are given in Table 2. Compared 
with controls, no statistically significant changes were 
found either in tissue masses, or in body mass of exposed 
animals during a 4-week exposure (Fig. 1).

Mesitylene was not found in tissues or blood of the 
control rats. Mesitylene concentrations in the liver, lung, 
kidney, and venous blood collected immediately after ter-
mination of exposure are shown in Table 3. Mesitylene 
concentrations in the biological material were dependent 
on the magnitude of exposure to mesitylene vapours. 
After single and repeated exposures to similar concen-
trations of mesitylene vapours, their highest levels were 
found in kidneys of the exposed rats. In the majority of 
cases, mesitylene concentrations were similar. The mean 
mesitylene partition coefficients of kidney/liver, kidney/
lung, and kidney/blood after a 6-h exposure were similar 
within its magnitude and they decreased with increasing 
exposure, accounting for 25 ppm, 15.0, 14.5, and 14.5; for 
100 ppm, 4.3, 4.6, and 4.3; and for 250 ppm, 1.9, 1.8, and 
2.4, respectively; after four weeks of exposure they were 
evidently lower, 7.8, 4.1, and 5.6 for 25 ppm, but higher 
for 100 and 250 ppm, 5.2, 7.8, and 6.8 and 2.8, 3.2 and 
4.8, respectively. After repeated exposure at 250 ppm in 
blood and at 25 ppm in kidneys, significatly lower con-
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centrations of mesitylene were found compared to those 
observed after single inhalation exposure.

3,5-DMBA was not observed in tissues or urine of 
control animals. Concentrations of 3,5-DMBA in the 
liver, lung, and kidney as well as its excretion with urine 
after termination of exposure to mesitylene are summa-
rized in Table 4. Tissue concentrations of 3,5-DMBA and 
its excretion with urine increased with increasing mag-

nitude of the rats' exposure. After a 6-h exposure to me-
sitylene at 25 and 100 ppm, 3,5-DMBA concentrations in 
the liver and kidney were similar and in the lung several 
times lower; at 250 ppm the highest values were observed 
in the kidney, and the calculated average partition coef-
ficients of 3,5-DMBA in the kidney/liver and kidney/lung 
were 1.6 and 4.5, respectively. In the rats exposed to the 
same level of mesitylene vapours for 4 weeks, the high-

Table 2 Mean values (±SD) of liver, lung and kidney of rats exposed to mesitylene.

Mesitylene target concentration in inhaled 
air (ppm)

Liver
(g)

Lung
(g)

Kidney
(g)

Absolute organ weight

Animals at 6-h exposure

0 (control)
25
100
250

10.59 ± 1.52
12.49 ± 1.12
11.42 ± 0.98
11.53 ± 1.44

1.53 ± 0.56
1.69 ± 0.37
1.66 ± 0.35
1.39 ± 0.12

1.98 ± 0.18
1.96 ± 0.08
1.93 ± 0.17
1.99 ± 0.15

Animals at 4-week  
exposure

0 (control)
25
100
250

12.28 ± 1.05
10.23 ± 1.13
11.84 ± 1.51
11.87 ± 1.18

1.95 ± 0.39
1.82 ± 0.48
1.85 ± 0.37
1.72 ± 0.15

2.17 ± 0.25
2.28 ± 0.27
2.28 ± 0.15
2.44 ± 0.21

Relative organ weight

Animals at 6-h  
exposure

0 (control)
25
100
250

4.30 ± 0,52
4.89 ± 0.26
4.92 ± 0.48
4.77 ± 0.59

0.63 ± 0.18
0.66 ± 0.13
0.69 ± 0.13
0.56 ± 0.06

0.80 ± 0.04
0.77 ± 0.01
0.80 ± 0.10
0.80 ± 0.05

Animals at 4-week  
exposure

0 (control)
25
100
250

3.71 ± 0.20
3.29 ± 0.15
3.70 ± 0.17
3.62 ± 0.29

0.58 ± 0.14
0.58 ± 0.10
0.53 ± 0.02
0.59 ± 0.13

0.66 ± 0.08
0.73 ± 0.03
0.72 ± 0.04
0.74 ± 0.02

Table 3. Concentrations of mesitylene in liver, lung, kidney homogenates and venous blood of rats after exposure to mesitylene.

Mesitylene target concentration in 
inhaled air (ppm)

Liver
(µg/g tissue)

Lung
(µg/g tissue)

Kidney
(µg/g tissue)

Blood
(µg/ml)

Animals at 6-h exposure
25
100
250

0.30 ± 0.07 A

3.09 ± 0.50
17.00 ± 6.08 

0.31 ± 0.12
2.87 ± 0.57
17.36 ± 5.56

4.49 ± 1.93
13.32 ± 2.58
31.80 ± 9.44

0.31 ± 0.12
3.06 ± 0.65
13.36 ± 1.54

Animals at 4-week exposure
25
100
250

0.22 ± 0.01
3.01 ± 0.58
12.98 ± 4.16

0.42 ± 0.12
1.99 ± 0.75
11.20 ± 3.61

1.73 ± 0.30*
15.61 ± 2.14
35.97 ± 8.53

0.31 ± 0.08
2.30 ± 0.52

7.55 ± 1.43**
Statistics

Main effects:
Exposure

Concentration
NS

p < 0.001
p < 0.05
p < 0.001

NS
p < 0.001

p < 0.001
p < 0.001

Interaction effects:
Exposure by concentration NS p < 0.05 NS p < 0.001

Simple effects:
Concentration within 6-h exposure

Concentration within 4-week 
exposure

Exposure within concentration:
25 ppm
100 ppm
250 ppm

p < 0.001

p < 0.01

NS
NS
NS

p < 0.01

p < 0.05

NS
NS
NS

p < 0.01

p < 0.001

NS
NS
NS

p < 0.001

p < 0.05

NS
NS
NS

A – mean ± SD; NS – not significant (p > 0.05), * p < 0.05; ** p < 0.01 – significantly different from the single exposure (Student’s t-test).
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est values of 3,5-DMBA concentrations were found in the 
kidney compared to the level of its metabolite in the liver 
and lungs. Partition coefficients of 3,5-DMBA in kidney/
lung explicitly increased (3.0, 3.5, and 4.1) with increas-
ing exposure to mesitylene, whereas partition coefficients 
kidney/liver were similar (1.7, 1.4, and 1.5). Compared to 
single exposures at 25 and 100 ppm, 3,5-DMBA concen-
trations were significantly lower in the liver of rats after 
repeated exposure to mesitylene. After a 4-week exposure, 
3,5-DMBA concentrations were significantly increased in 
rats compared to those observed in lungs after 6-h expo-
sures at 100 and 250 ppm and in the liver after exposure at 
250 ppm. In kidneys, 3,5-DMBA concentrations were in-
creased after repeated exposure compared to single expo-
sure, but the increase was not statistically significant. The 
increase in 3,5-DMBA excretion with urine was observed 
in rats after repeated exposure to mesitylene within the 

whole range of its concentrations under the study and it 
was significant in rats exposed to mesitylene at 25 ppm.

Mesitylene concentrations in blood collected from the 
tail vein after termination of single and repeated inhala-
tion exposure to mesitylene vapours are given in Tables 
5 and 6. During the first hour after exposure termination, 
mesitylene was rapidly eliminated from blood of the rats 
exposed to its different concentrations. The elimination 
was calculated on an open two-compartment model. The 
kinetic equations are presented in Tables 7 and 8. The 
half-lives of decline in blood mesitylene concentration 
were similar in phase I and were not dependent on the 
magnitude and duration of exposure, whereas in phase 
II, they evidently increased with increasing magnitude of 
exposure to mesitylene after both 6-h and 4-week expo-
sures.

Discussion and Conclusions

A number of authors have observed the increased cy-
tochrome P-450 concentration and induced specific en-
zymes associated with xenobiotic metabolism not only 
in the liver, but also in the kidney and lung after repeated 
administration of mesitylene to rats by gastric tube [8, 9]. 
Thus it could be assumed that repeated inhalation exposure 
to mesitylene vapours would generate higher 3,5-DMBA 
concentrations in the rat liver and increased excretion of 
this metabolite with urine compared to a single exposure 
due to induction of mesitylene-metabolizing enzymes. In 
our study we found 3,5-DMBA concentrations in the liver 
of rats significantly lower after repeated exposures to me-

Fig. 1. Mean body weights of rats exposed to mesitylene con-
centrations of 0, 25, 100 or 250 ppm for 4 weeks.

Table 4. Concentrations of 3,5-DMBA in liver, lung, kidney and excretion of 3,5-DMBA in urine of rats after exposure to mesitylene.

Mesitylene target concentration in 
inhaled air (ppm)

Liver
(µg/g tissue)

Lung
(µg/g tissue)

Kidney
(µg/g tissue)

Urine
(mg/18 h)

Animals at 6-h exposure
25
100
250

12.62 ± 1.62 A

26.05 ± 2.77
36.92 ± 1.61 

2.87 ± 0.55
5.50 ± 0.55
13.39 ± 1.90

8.77 ± 0.99
27.01 ± 9.86
60.91 ± 19.78

0.52 ± 0.03
3.66 ± 0.57
10.99 ± 3.90

Animals at 4-week exposure
25
100
250

6.52 ± 0.67**
21.67 ± 3.14**
53.07 ± 5.41**

3.69 ± 1.21
8.90 ± 0.98**
19.79 ± 2.70**

11.06 ± 4.33
31.03 ± 18.56
82.10 ± 14.48

0.83 ± 0.15*
4.36 ± 0.86
11.92 ± 3.05

Statistics
Main effects:

Exposure
Concentration

NS
p < 0.001

p < 0.001
p < 0.001

NS
p < 0.001

NS
p < 0.001

Interaction effects:
Exposure by concentration p < 0.001 p < 0.005 NS NS

Simple effects:
Concentration within 6-h exposure

Concentration within 4-week 
exposure

Exposure within concentration:
25 ppm
100 ppm
250 ppm

p < 0.05

p < 0.001

NS
NS
NS

p < 0.05

p < 0.001

NS
NS
NS

p < 0.05

p < 0.001

NS
NS
NS

p < 0.001

p < 0.001

NS
NS
NS

A – mean ± SD; NS – not significant (p > 0.05), * p < 0.05; ** p < 0.01 – significantly different from the single exposure (Student’s t-test).
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Table 5. Venous blood mesitylene concentrations after 6-h inhalation exposure to mesitylene. 

Time
Mesitylene (µg/ml)

25 ppm 100 ppm 250 ppm

3 (min) 0.31 ± 0.12 3.06 ± 0.65 13.36 ± 1.54

15 0.26 ± 0.13 2.51 ± 0.17 13.05 ± 1.61

30 0.15 ± 0.04 2.35 ± 0.57 12.06 ± 1.23

45 0.10 ± 0.03 1.41 ± 0.27 10.53 ± 1.71

1 (h) 0.06 ± 0.02 1.35 ± 0.30 8.85 ± 0.90

2 0.04 ± 0.02 1.34 ± 0.39 6.14 ± 0.53

3 n.d. 0.79 ± 0.30 4.54 ± 0.67

4 n.d 0.57 ± 0.14 3.49 ± 1.16

5 n.d 0.38 ± 0.14 2.31 ± 0.67

6 n.d 0.20 ± 0.04 0.76 ± 0.06

Results are presented as mean ± SD; n.d. – not detected.

Table 6. Venous blood mesitylene concentrations after 4-week inhalation exposure to mesitylene. 

Time
Mesitylene (µg/ml)

25 ppm 100 ppm 250 ppm

3 (min) 0.31 ± 0.08 2.30 ± 0.52 7.55 ± 1.43

15 0.26 ± 0.03 1.83 ± 0.47 6.51 ± 1.50

30 0.19 ± 0.02 1.57 ± 0.39 4.56 ± 0.98

45 0.17 ± 0.03 1.41 ± 0.13 3.65 ± 0.62

1 (h) 0.12 ± 0.03 1.33 ± 0.15 3.69 ± 1.25

2 0.05 ± 0.01 0.95 ± 0.22 3.14 ± 0.64

3 n.d. 0.72 ± 0.17 2.28 ± 0.19

4 n.d. 0.41 ± 0.11 1.74 ± 0.17

5 n.d. 0.39 ± 0.05 1.23 ± 0.34

6 n.d. 0.29 ± 0.13 1.14 ± 0.20

Results are presented as mean ± SD; n.d. – not detected.

Table 7. Toxicokinetics of mesitylene elimination from blood after 6-h inhalation exposure to mesitylene.

Exposure 
(ppm) Elimination equation AUC

Half-life
Phase I
(min) Phase II

25 E = 0.37e-3.34t + 0.08e-0.31t 0.33 12 2 h 40 min

100 E = 2.80e-3.91t + 1.50e-0.22t 5.72 11 3 h 9 min

250  E = 15.50e-2.54t + 7.00e-0.17t 32.46 16 4 h 5 min

AUC – area under curve.
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sitylene at 25 and 100 ppm, than after single exposure. Sig-
nificantly increased 3.5-DMBA concentrations in the liver 
were observed after the four-week exposure to mesitylene 
vapours at 250 ppm. Significantly increased excretion of 
3.5-DMBA with urine was also observed after the four-
week exposure to mesitylene vapours at 25 ppm. It is likely 
that significantly lower concentrations of 3,5-DMBA in the 
liver of the rats exposed to mesitylene vapours at 25 and 
100 ppm resulted from the saturation of metabolic routes 
leading to 3,5-DMBA generation as well as from the lack 
of induction of mesytelene-metabolising enzymes, which 
occurred most probably only after repeated inhalation ex-
posure to high concentrations of mesitylene vapours. 

Unlike in the liver, mesitylene metabolism in the lungs 
of the rats was higher after the four-week inhalation ex-
posure than that after a 6-hour inhalation almost within 
the whole range of mesitylene concentrations in the air. 
The amount of 3,5-DMBA excreted with urine of animals 
exposed to mesitylene vapours could probably be influ-
enced by lungs. Other authors also observed that the role 
of lung tissues played in metabolism of organic solvents 
and drugs has a significant impact on metabolism of xe-
nobiotics [17, 18]. 

Our earlier studies indicated that metabolic transfor-
mations of pseudocumene (1,2,4-TMB) in rats, leading to 
the production of three DMBA isomers, are specific and 
their intensity differs depending on the liver, lungs, and 
kidneys [19]. It might be thought that metabolism in lungs 
was responsible for significantly increased excretion of 
3,5-DMBA with urine after repeated exposure of rats to 
mesitylene vapours. The more so that in the liver after the 
four-week exposure of rats to mesitylene at 25 ppm, 3,5-
DMBA concentrations were significantly lower than those 
determined after single exposure. Metabolism in lungs 
of rats after repeated exposure to high concentrations of 
mesitylene was significantly more intensified than after 
single exposure despite the fact that lower concentrations 
of mesitylene were determined in the animal lungs. The 
lower mesitylene concentrations in lungs of rats after re-
peated exposure could be associated with significantly re-
duced retention of mesitylene in lungs, which most likely 
induced a twofold decrease in mesitylene concentration 
in blood of rats after repeated exposure to high concentra-
tions of this compound. After termination of single and 
repeated exposures of rats to mesitylene vapours, a rapid 

elimination of mesitylene from blood was observed. The 
dynamics of its elimination rate at the same magnitude of 
exposure and its different duration was similar (Fig. 2). A 
rapid elimination of mesitylene from blood of the rats may 
evidence equally rapid elimination of this compound from 
fat tissue and probably very low accumulation in tissues. 
The more so that the observed elimination of mesitylene 
from blood was explicitly more rapid than that found of 
pseudocumene despite its similar concentration in blood 
of the animals after similar magnitude of exposure [20]. 
Pseudocumene is characterized by higher than mesitylene 
partition coefficients of blood/air, water/air, and oil/air 
[21]. The prolonged elimination of pseudocumene from 
the animal blood compared to mesitylene, may be due to 
a higher affinity of pseudocumene for fat present in blood 

Table 8. Toxicokinetics of mesitylene elimination from venous blood after 4-week exposure to mesitylene.

Exposure
(ppm) Elimination equation AUC

Half-life
Phase I
(min) Phase II

25 E = 0.30e-1.78t + 0.08e-0.29t 0.40 23 2 h 23 min

100 E = 2.50e-5.23t + 1.10e-0.15t 4.84 8 4 h 37 min

250 E = 7.50e-4.17t + 3.50e-0.15t 15.67 10 4 h 37 min

AUC – area under curve.

Fig. 2. Kinetic of mesitylene elimination from venous blood of 
rats after termination of 6-h (full rectangle) and 4-week (empty 
rectangle) exposures to mesitylene vapours at nominal concen-
trations of 25, 100 or 250 ppm.
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and fat tissue. The major problem related with exposure to 
vapours of organic solvents involves the risk for long-term 
disturbances in the higher functions of the central nervous 
system, which is characterized by a substantial amount of 
fat in its structure [22, 23]. Pseudocumene with its strong 
affinity for fat better permeates cellular walls and thus its 
elimination from cells is much less rapid. Consequently, 
a direct toxic effect of pseudocumene on humans would 
probably be stronger than that of its isomer – mesitylene.

In conclusion, the studies have revealed that in rats 
after inhalation exposure to mesitylene, 3,5-DMBA con-
centrations in tissues and urine as well as mesitylene con-
centrations in tissue and blood increased with increasing 
magnitude of exposure. After termination of exposure, 
mesitylene was eliminated from the blood of rats more 
rapidly. Lower concentrations of mesitylene in the lungs 
and blood of rats after repeated exposure to this com-
pound at 100 and 250 ppm are most likely linked with 
its diminished retention in lungs. In the lungs of rats af-
ter repeated inhalation exposure to mesitylene at 100 and 
250 ppm as well as in the liver at 250 ppm, 3,5-DMBA 
concentrations were significantly higher than after single 
exposure, which may be associated with the induction of 
mesitylene-metabolizing enzymes. Mesitylene metabo-
lism in the lungs of rats after repeated exposure to low 
concentrations probably had a significant impact on the 
enhanced urinary excretion of 3,5-DBMA.
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