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_Abstract: The effects of combined inhalatory exposure to m-xylene and toluene on the rat
hepatocytes were investigated. Limited proliferation of smooth endoplasmic reticulum and increase of
the number of lysosomes were observed in hepatocytes after 3-months of single exposure to 1000 ppm
of m-xylene and toluene. Moreover, mitochondria increased in most of hepatocytes. After combined
exposure to mixture of m-xylene and toluene at concentrations of S00 + 500 ppm, respectively, the
types of ultrastructural changes in hepatocytes followed the pattern observed after exposure of each
of the single organic solvent. However, proliferation of the smooth endoplasmic reticulum was more
eminent. :

The hepatocytes ultrastructure of rats exposed to 100 ppm of m-xylene and toluene for 6 months were
similar to that observed in rats exposed to 1000 ppm of m-xylene for 3 months. In rats exposed to
a mixture of m-xylene and toluene for 6 months, the ultrastructural changes in hepatocytes were
a combination of those observed after a single exposure to each of the organic solvent.

It may be concluded that changes in the hepatocytes ultrastructure were an adaptive rather than
a toxic effect. Because in the case of combined exposures the doses were half of those used in single
exposures, the additive effect on the proliferation of smooth endoplasmic reticulum was observed in
the rat liver after combined exposure to toluene and m-xylene using electron microscopy.

INTRODUCTION

Inhalatory exposure to m-xylene and toluene may cause adverse effects on the
rat liver morphology. The increased number of mitochondria and their relative
cytoplasmic volume as well as increase of nuclear density and of nuclear/cytoplasm
ratio were reported after subchronic exposure to toluene (17). Slight hepatocellular
effects such as an increase of the rough and smooth endoplasmic reticulum and of
peroxisomes were revealed in subchronic inhalatory exposure to xylene (14).
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According to our knowledge there are no data illustrating the combined effects
on hepatocytes of these widely used industrial organic solvents.

It is assumed that the toxic effects of combined exposure to two or more
solvents are additive in nature (9). Nevertheless, this assumption is not sufficiently
validated and has been shown not to hold up in the case of selected organic solvents
(5, 6, 13). Our earlier observations indicated a more than additive effect on the rat
central nervous system and respiratory tract after subchronic inhalatory exposure
(7). However, no hepatotoxic effects were observed when routine toxicological and
pathological methods were applied (7). ‘

The aim of this paper was to answer the questions of whether combined
inhalatory exposure to m-xylene and toluene has the same effect on the hepatocytes
as the single exposure of each, and whether the observed effects might be evaluated
on a subcellular level. Three and six month exposure periods were chosen to test the
hypothesis.

MATERIALS AND METHODS

A detailed description of the procedure of inhalation exposure is presented
elsewhere (7). Briefly, male Wistar rats, weighing 200—-250 g were exposed to
vapours of m-xylene, toluene or their mixture 50/50 vol%, in a dynamic inhalation
chamber for 6 hours daily, five times a week, for 3 months (3M) and for 6 months
(6M). M-xylene and toluene vapours were at concentrations of 1000 ppm and 100
‘ppm during single exposures for 3M and 6M exposures, respectively. Concentrations
of m-xylene and toulene in 50/50 vol% mixtures were 500 + 500 ppm and 50 + 50
ppm during 3M and 6M exposure, respectively.

Samples were taken from the liver right lobe and immediately fixed in 3.6%
glutaraldehyde solution in 0.1 M cacodylate buffer, pH 7.2~7.4, overnight. After few
subsequent washes in the buffer they were postfixed in 1% osmium teroxide,
dehydrated and embedded in Epon; one um sections were cut and stained with
toluidine blue for inspection in light microscopy. Ultrathin sections were cut,
poststamed with uranyl acetate and lead citrate and examlned with JOEL 100C
electron microscope at 80 kV.

The distribution and severity of the observed effects compared to the controls
were assessed by semiquantitative validation. Slight and focal changes were denoted
as +, whereas moderate and multifocal as + +.

RESULTS

Three-month exposure

The ultrastructure of hepatocytes after 3M exposure to 1000 ppm of m-xylene
differed only slightly from controls. Limited proliferation of smooth endoplasmic
reticulum and an increase of number of lysosomes were observed. In most of the cells
there were no changes in ultrastructure of mitochondria and other cytoplasmic
organella and components (Fig. 1). A few cells revealed autophagous bodies.
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Fig. 1. Electron micrograph of centrilobular hepatocyte of rat exposed for 3 months to 1000 ppm of
m-xylene. Note minor proliferation of smooth endoplasmic reticulum (ser.) Mitochondria of number and
configurational states typical to this region of hepatocyte. Magnification, x 20000.

Fig. 2. Increased number of swollen mitochondria in hepatocyte after 3 -month exposure to 1000 ppm of
toluene. Magnification, x 20000.

After 3M exposure to 1000 ppm of toluene the smooth endoplasmic reticulum
and lysosomes were affected similarily as after exposure to m-xylene. Moreover,
mitochondria increased in most of hepatocytes; in some cells they were polymorphic,
predominantly of swollen conifiguration (Fig. 2).

After combined 3M exposure to a mixture of m-xylene and toluene at
concentrations of 500 + 500 ppm, respectively, the types of ultrastructural changes
in hepatocytes followed the pattern observed after single exposure to each of the
organic solvents. However, the proliferation of the smooth endoplasmic reticulum
was more eminent (Fig. 3). Those observations presented as semiquantitative results,

are shown in Table 1
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Fig. 3. Hepatocyte of rat exposed for 3 months to 1000 ppm of the 50/50 vol% m-xylene/toluene mixture.
Increased proliferation and dilation of SER (ser), swollen mitochondria (m) and abundant lysosomes
(arrows). Magnification, x 20000.

Table 1 The effects of m-xylene, toluene and their 50/50% vol mixtures inhalations on the rat
hepatocytes. Changes in hepatocytes smooth endoplasmic reticulum (SER), rough endoplasmic reticulum
(RER), lysosomes (Lys), mitochondria (Mit), peroxisomes (Per) and nucleus (Nu) were estimated.

Exposition Exposition
1000 ppm/3 months 100 ppm/6 months
SER REF Lys Mit Per Nu SER RER Lys Mit Per Nu
m-xylene + NC + NC NC NC + NC + NC NC NC
toluene + NC + + NC + + NC + + NC +
m-xylene/
toluene ++ NC + + NC + ++ NC + + NC +

NC — not changed as compared to controls
- — slight and focal changes
+ + — moderate and multifocal

Six-month exposure

The hepatocytes ultrastructure of rats exposed to 100 ppm of m-xylene for 6M
were similar to that observed in rats exposed for 3M to 1000 ppm of m-xylene.
A minor proliferation of smooth endoplasmic reticulum and lysosomes were
observed; mitochondria were not affected (Fig. 4).

Ultrastructural changes in hepatocytes after toluene exposure included in-
-creased number of mitochondria, swelling of some of them and a slight proliferation
of smooth endoplasmic reticulum. In some hepatocytes indentations of the nucleus
were seen (Fig. 5).

In rats exposed to a mixture of m-xylene and toluene for 6 months the
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Fig. 4. Electron micrograph of hepatocyte of rat exposed to 100 ppm of m-xylene for 6 months. Dilation
and proliferation of smooth endoplasmic reticulum (ser) and increased number of lysosomes. Autophagou

s body is also seen (A). Magnification, x 20000.

Fig. 5. Hepatocyte of rat exposed for 3 months to 100 ppm of toluene. Indentation of nucleus pointed by
arrows. Note swollen mitochondria (m) in the perinuclear region, and dilated cisterns of SER (ser).

Magnification, x 20000.

ultrastructural changes in hepatocytes were a combination of those observed after
single exposure to each of the organic solvents. There were dilation and proliferation
of the smooth endoplasmic reticulum, and increased number of lysosomes and
mitochondria. In some hepatocytes giant, swollen mitochondria up to were seen

(Fig. 6).
Those observations presented as semiquantitative results are shown in Table 1
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Fig. 6. Swollen, giant mitochondria (m) in hepatocyte of rat exposed for 6 months to 100 ppm of the 50/50
vol% m-xylene/toluene mixture. Magnification, x 20000.

DISCUSSION

The bulk of toxicological science data base is generated from studies of
individual chemicals. However, in the real world, most chemical exposures are to
mixtures rather than to single agents. Exposure to combinations of toxicants result
in the possibility of various interactions due to different cellular mechanisms.

Electron microscopy is one of the method used to examine morphological
alterations on a cellular level.

Studies on rats indicate that mixtures of xylenes alike individual xylene isomers
generally induce a wide variety of hepatic enzymes and increase hepatic cytochrome
P —450 content (2, 3, 11, 15, 16, 19). Upon histopathological examination no
treatment-related effects were noted in rats following 13 weeks’ exposure to
concentrations as high as 810 ppm of mixed xylene (1) or 12 weeks’ exposure to 1000
ppm of m-xylene (13).

Electron microscopic examination of liver tissue revealed a proliferation of the
smooth endoplasmic reticulum and increased numbers of peroxisomes (14). We have
found similar effects except peroxisome proliferation.

Observed hepatic effects in animals following exposure to xylene can be ascribed
to the increased metabolism of the solvent and are not necessarily adverse effects (5,
14). It is an adaptive rather than a toxic effect.

Any specific histopathological changes were not found in rats in long-term
studies on toluene toxicity (4,8).

However, proliferation of the smooth endoplasmic reticulum and the increased
number and relative cytoplasmic volume of mitochondria as well as an increase of
nuclear density and of nuclear/cytoplasm ratio were reported after subchronic
exposure to toluene (17, 18, 19). These changes were observed in both sexes and were
dose-related and reversible. Our studies confirm these observation; however in our
experiments, the nuclear changes were less evident.

It should be noted that in both experiments, i.e. 3M and 6M, the similar effects
of combined exposure were observed.
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The mechanism often proposed for observed differences in chemically induced
toxic responses comes from metabolic studies, whereby a chemical may modify its
own toxicity or that of other chemicals by altering metabolism through the induction
of metabolizing enzymes.

From the study of Ogata and Fuji (10) it appears that metabolisms of these
solvents do not significantly interfere with each other. It was confirmed by
Pathiratne et al. (12) who investigated the effects of benzene, toluene and xylenes on
rat liver metabolism. Benzene was better at inducing conjugating systems, whereas
xylenes were more potent at inducing cytochrome P-450-dependent enzymes.
Toluene was equally good at inducing both enzyme types. In our study it seems that
observed changes in the hepatocytes ultrastructure were adaptive rather than a toxic
effect. ’ v

Because, in the case of combined exposures, the doses were half of those used in
single exposures, the additive effect on the proliferation of the smooth endoplasmic
reticulum was observed in rat liver after combined exposure to toluene and m-xylene
as revealed with electron microscopy.
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