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Abstract: Neurotoxic effects of trimethylbenzene isomers (pseudocumene, mesitylene and hemimel­
litene) in male rats were investigated in conditions of acute and subchronic inhalation exposure.

Rotarod performance and pain sensitivity behaviour were tested in rats exposed to trimethyl- 
benzenes at concentrations of 250 — 2000 ppm immediately after termination of a 4-hour exposure. 
Exposure to each of trimethylbenzene isomers resulted in concentration-dependent disturbances in 
rótarod performance, and decrease in pain sensitivity in rats.

Pseudocumene, mesitylene and hemimellitene EC 50 values for rotarod performance behaviour 
disturbances were 954, 963, 768 ppm and for decreases in pain sensitivity EC 50 were 1155, 1212, 848, 
ppm, respectively.

, In conditions of subchronic inhalation exposure, pseudocumene and hemimellitene at concen­
trations of 25, 100 and 250 ppm caused concentration-dependent disturbances in rotarod 
performance behaviour and decrease in pain sensitivity. Neurotoxic effect of hemimellitene was 
more pronounced than that of pseudocumene and mesitylene.

Two weeks after cessation of inhalation exposure to pseudocumene or hemimellitene no 
recovery in rotarod performance behaviour was observed.

IN T R O D U C T IO N

Trimethylbenzene isomers are produced m ostly during catalytic reforming of 
petroleum  and they enter into the com position of m any commonly used commercial 
solvent mixtures like Solvesso 100 (Exxon Chemical Belgium), Shellsol A (Shell 
N etherland Chemie B.V.), Jolasol (J.L.C Chemie, Austria) and Farbasol (Polifarb- 
Cieszyn S.A., Poland).
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Among other trimethylbenzenes, isomers are one of the substantial constituents 
of these solvent mixtures. A large num ber of studies on the neurotoxic effects of 
exposure to  organic solvents have been reported over the last three decades (5,8,10).

The assum ption of additivity of health effects has often been used in industrial 
hygiene to  cope with the problem  of com bined exposure to  solvents (9).

The A C G IH  TLY-TW A concentration of 125 m g/m 3 (25 ppm) and the Polish 
M AC value (100 m g/m 3) for single trim ethylbenzene isomers (pseudocumene, 
mesitylene and hemimellitene) have been established on the grounds of incomplete, 
uncertain and no longer valid d a ta  (1,2).

Symptoms and signs of im pairm ent of the respiratory, hem atopoietic (probably 
due to  benzene contam inations) and nervous systems were observed in 27 industrial 
workers, exposed for a num ber of years to  a paint thinner containing various 
alkylbenzenes (pseudocumene — 50%, mesitylene — 30%; hemimellitene, 1-methyl- 
-2-ethylbenzene and 1-methyl-4-ethylbenzene: percentages no t mentioned). The 
levels of hydrocarbon vapours in the atm osphere ranged from 49 — 295 m g/m 3 
(10 — 60 ppm) (1,2).

Bearing in m ind three very active methyl groups in trimethylbenzene isomer 
molecules and the broad  use of trimethylbenzenes, the present study was aimed at 
evaluating neurotoxic effects in the condition of acute .and subchronic inhalation.

M ATERIALS AN D  M E T H O D S 

Chemicals

Mesitylene (1,3,5-trimethylbenzene) purris (GC), pseudocumene (1,2,4-trim ethyl­
benzene) purum  >  97%  (GC), hemimellitene (1,2,3-trimethylbenzene) pract 
90 — 95%  (GC) were supplied by Fluka.

Conversion factors for trim ethylbenzene isomers:
1 ppm  (¾ 4.92 m g/m 3
1 m g/m 3 «  0.20 ppm

Animals

M ale wistar rats of I M P : D A K  stock outbred body weight 250 — 300 g were 
used. Animals were housed in wire mesh stainless steel cages. LSK lab chow and 
water were provided ad libitum. Animal room s were m aintained at 22 —25°C with 
a 12-hr light-dark cycle (lights on 6:00 AM). Animals were acclimatised for 1 week 
p rior to the use and, in the case of acute exposure, were used within 4 weeks upon 
arrival.

Inhalation exposure

Animals were exposed to  vapours of trim ethylbenzene isomers in a dynam ic 
inhalation cham ber (volume of 1.3 m 3, 12 to 15 air changes per hour). Vapours were 
generated by heating of liquid solvent in washers. The desired concentrations of 
vapours were obtained by diluting them  in the air.

C oncentration of solvent vapours in the exposure cham ber were m easured every 
30 min with a gas chrom atograph H ew lett-Packard with a flame-ionization detector 
using a 5 m m etal colum n with 10% OV-17 on chrom osorb W H D  (80/100 mesh) as 
a stationary  phase at a colum n tem perature of 150°C.
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In the acute experiment, rats were exposed to particular trimethylebenzene 
isomers a t tested concentrations of 250 — 2000 ppm  for 4 hours. In  the subchronic 
experiment, 10 ra t groups were exposed (6 hours/day, 5 days/week for 3 m onths) to 
pseudocum ene and to  hemimellitene at concentrations of 25 ppm, 100 ppm , 250 
ppm , and  were accom panied by sham -exposed control groups.

Since in  the condition of acute exposure the neurotoxic effect of pseudocum ene 
and  mesitylene was sim ilar,1 and the effect of hemimellitene was m ore pronounced, 
pseudocum ene and hemimellitene were chosen for subchronic exposure.

Rotarod performance was tested according to  the principle described by K aplan 
and  M urphy (12). The used ro tarod  apparatus consisted of a 8-cm diam eter w ooden 
ro d  ro tating at 12 rpm  and suspended horizontally 20 cm above the floor which was 
constructed from m etal bars connected to  a power source of 80 V and 2 mA. The 
ability of ra ts  to rem ain on the ro tating  rod for 2 m in was taken as an  index of 
norm al neurom uscular function. Before both, acute and subchronic experiments, the 
animals were trained, and only those rats which could perform  norm ally on the 
ro tarod for a t least 10 consecutive days, were used in the experiments. In  the acute 
experiment, ro ta ro d  perform ance was tested before exposure and im mediately after 
term ination of exposure to  particular concentrations of trim ethylbenzene isomers, 
an d  in sham  exposed control anim als for four hours. Each group consisted of 10 rats.

In subchronic experiments, ro tarod  perform ance was tested prior to  the start of 
the  study, weekly during the experim ent and two weeks after the term ination of 
exposure.

Hot plate behaviour was tested im mediately after term ination  of exposure. The 
hot-plate test was used to  m easure the level of analgesia (3). The ra t was placed on 
the hot-plate within the plastic enclosure and after occurrence of the expected 
response — licking of the foot, or after 60 sec, the anim al was removed. The latency 
of the paw-lick response was m easured at plate tem perature of 54.5°C. Each group 
consisted of 10 rats. F o r calculation of E D 50 value the observed latency elongation 
over the con tro l was used. Latency of 60 sec was considered as 100% inhibition of 
pain  sensitivity.

STATISTICS

Probit analysis was applied to  determ ine the m edial effective concentration 
E C 50 value in  the ro tarod  perform ance test (6). The concentration/w hich increases 
the latency o f the paw-lick response (decrease of sensitivity to  the pain) to  50% 
(EC 50) was calculated from the least squares regression lines of concentration
— effect relationship (11). The Fisher exact test (17) was applied for evaluation of 
m o to r coordination disturbances and K ruskall-W allis test (16) for changes in pain 
sensitivity.

RESULTS

All rats exposed for 4 hours to trimethylbenzene isomers at all applied concen­
trations survived the exposure. Each one of trimethylbenzene isomers caused concen­
tration-dependent disturbance in the ro tarod performance of rats (Fig. 1). The ro tarod 
performance behaviour disturbance E C 50 value, determined with its 95% confidence 
intervals, am ounted for: pseudocumene to 4693 m g/m 3 (3891 —5493 m g/m 3) —
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Fig. 1. Rotarod performance of rats exposed to trimethylbenzene isomers. Rats were exposed to solvent 
vapours for 4 hours. Rotarod performance was tested immediately after termination of exposure. Each 

point represents probit of failures on rotarod in a group of 10 rats.
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Fig. 2. Hot-plate behavious in rats exposed to trimethylbenzene isomers. Rats were exposed to vapours of 
each isomer for 4 hours. Hot-plate behaviour was tested immediately after termination of exposure. Each 
point represents the mean value of separate measurments of latency in 10 rats. Latency of 60 sec was 

considered as 100% inhibition of pain sesitivity.
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954 ppm  (791 — 1113 ppm); mesitylene to 4738 m g/m 3 (3675 — 5453 m g /m 3)
— 963 ppm  (750—1113 ppm), and hemimellitene to  3779 m g/m 3 (2832 — 4615 
m g/m 3) — 768 ppm  (578 — 942 ppm).

Trim ethylbenzene isomers E C 50 values determ ined for observed disturbances in 
the ro tarod  perform ance test indicate a m ore pronounced neurotoxic effect of 
hemimellitene.

The pain sensitivity m easured as latency of the paw-lick response changed in 
rats exposed to  all trimethylbenzenes. The observed decrease in sensitivity to  pain  
was concentration-dependent (Fig 2). Pain sensitivity decrease E C 50 value w ith  its 
95%  confidence intervals am ounted to  5682 m g/m 3 (2715 — 7596 m g/m 3) — 1155 
ppm  (552—1544 ppm) for pseudocumene; to  5938 m g/m 3 (5194 — 6512 m g /m 3)

Fig. 3. Rotarod performance of rats exposed to pseudocumene and hemimellitene at concentrations of 25, 
100 and 250 ppm. Rats were exposed to vapours of solvents for 6 h/day, 5 days/week, 3 months. Statistical

significance marked by asterisks p <  0.005.
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— 1212 ppm  (1086 — 1329 ppm) for mesitylene; and to  4155 m g/m 3 (3400 — 4811 
m g/m 3) — 848 ppm  (694 — 982 ppm) for hemimellitene. As in the case of m otor 
coordination disturbances, the E C 50 values for pain sensitivity of trim ethylbenzenes 
indicate a m ore pronounced analgesic effect of hemimellitene.

All rats exposed for 3 m onths to pseudocum ene and hemimellitene survived the 
experim ent. Clinical observations were unrem arkable. N o r were significant differ­
ences in  final body weights observed in rats exposed to  both  trim ethylbenzene 
isomers when com pared with controls.

In  anim als exposed for 3 m onths to  pseudocum ene and hemimellitene, the 
disturbances in ro tarod  perform ance were observed and changes were dose-depend- 
ent (Fig. 3). All control animals perform ed correctly in the test th roughout the 
experim ent. In  the case of hemimellitene, the observed disturbances in ro tarod  
perform ance were m ore pronounced and statistically significant at concentrations of 
100 p p m  and 250 ppm, whereas pseudocum ene-caused disturbances were significant 
at the concentration of 250 ppm.

T h e recovery in the ro tarod  perform ance was not observed two weeks after 
cessation of inhalation exposure to pseudocum ene and hemimellitene a t the 
concentration  of 250 ppm  (Fig. 3).

T h e  changes in pain sensitivity m easured as latency of the paw-lick response 
were observed after a three-m onth exposure to  both  trim ethylbenzene isomers 
(Table 1). The decrease in sensitivity to pain was concentration-dependent and 
statistically significant at 100 ppm  and 250 ppm  of pseudocum ene and at all applied 
concentrations of hemimellitene. The recovery in hot-plate behaviour was observed 
two weeks after cessation of inhalation exposure to  pseudocumene as well as to 
hemimellitene (Table 1).

Table 1. Effect of a three-month exposure to pseudocumene and hemimellitene on the latency of the 
paw-lick response (hot-plate behaviour) in rats

Latency of the paw-lick response, sec

Pseudocumene Hemimellitene

Control 
25 ppm 
100 ppm 
250 ppm 
250 ppm
(two weeks after termination 
of exposure)

(n =  9) 15.4 ±5.8 
(n =  10) 18.2 ±5.7 
(n =  9) 27.6 ±3.2** 
(n =  10) 30.1 ±7.9** 
(n =  10) 17.3 ±(3.9)

(n =  30) 9.7 ±2.1 
(n =  20) 11.8 ±3.8* 
(n =  10) 16.3 ±6.3 
(n =  10) 17.3 ±3.4** 
(n =  10) 11.0 ±2.4

Statistically s ign ifican t difference as co m p ared  to  controls * p < 0 .0 5 , * * p  <  0.01.

D IS C U S SIO N  A N D  C O N C L U SIO N S

Results of ro tarod  perform ance and ho t plate behaviour tests in rats exposed for
4 hours to  vapours of trim ethylbenzene isomers at studied concentrations provide an 
evidence o f their neurotoxic effects. D isturbances in ro tarod  perform ance and 
decrease in  pain sensitivity observed in acute experiment, were concentration- 
-dependent and indicated a m ore pronounced neurotoxic effect of hemimellitene 
th an  of pseudocum ene or mesitylen. The E C 50 value for ro tarod  perform ance
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behaviour proved m ore pronounced toxic effect of trim ethylbenzene isomers than 
tha t of toluene (E D 50 — 4050 ppm) and xylene (E D 50 — 1982 ppm), established in 
similar experim ental conditions (13,14). In  the condition of a three-m onth  inhalation 
exposure, pseudocum ene and hemimellitene also exerted neuro toxic effects, and 
observed effects of hemimellitene were m ore pronounced, in bo th  applied  tests, than 
those of pseudocumene.

The remaining of ro tarod  behaviour disturbances, two weeks after cessation of 
a three-m onth exposure m ay indicate long-lasting neurotoxic effects o f trim ethylben­
zene isomers. Similar effects were observed after four-week inhala tion  exposure to 
pseudocumene a t the same concentrations (7).

It is know n tha t addition of methyl groups to the benzene ring, which raises 
boiling points and decreases volatility, brings about a change in the  equilibrium 
between the gaseous phase and tissue absorption, leading to  the higher effective 
doses absorbed (4). Thus, stronger neurotoxic effects of trim ethylbenzene isomers 
than  those of toluene and  xylene m ay depend on the num ber of m ethyl groups in the 
benzene ring. The m ore pronounced neurotoxic effects of hem im ellitene may be due 
to  1,2,3-position of methyl groups in the benzene ring.

Very little is know n abou t the cellular solvent mechanism  o f action in the 
nervous system. O n the basis of the similarity between solvent an d  classical CNS 
depressant drugs, the action of solvents is a ttribu ted  to a ltera tions in m em brane 
structure and function and /o r their ability to alter aminergic transm ission (5). To 
explain this hypothesis further research on cellular mechanisms of solvent action is 
necessary.

O ccupational Exposure Limits for Solvents are m ostly based on  prevention of 
their neurotoxic effects. Taking into consideration the results of present experiments 
the M AC value for trim ethylbenzene isomers should be considerably lower than  the 
A C G H  TLV value (125 m g/m 3 — 25 ppm) and the Polish M AC value (100 m g/m 3
— 20 ppm) (15).
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