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SUMMARY: In this research, histopathological examinations of central nervous system of the rats,
exposed to low concentration (0.45 ppm) of methyl metacrylate monomer (MMA) vapor, were made.
60 male Swiss Albino rats (30 experimental, 30 control) were exposed to MMA vapour in air for
period of 4, 8 and 12 weeks, 5 days per week and 1 hour per day. The concentration used was determined by measuring the air in a dental laboratory during the acrylate mixing phase.
As a result in four and eight week groups significant pathologic changes were leptomeningeal thickening, mononuclear cell infiltration, ependymitis and ventriculitis. Leptomeningeal thickening and
mononuclear infiltration were observed in two-third of the 12 week groups but were less pronunced than
that of in eight week groups.
In conclusion, MMA vapour was found to have a toxic effect on central nervous system. The results
shown us the importance of the ventilation of the places in which MMA is worked with.
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INTRODUCTION
Methyl metacrylate polymer is a substance which is
commonly used in all branches of dentistry, and because
of its similar properties to bone it is further used in many
areas of medicine. In orthopedic surgery it is used to make
artificial knees and shoulder joints, as a ground substance
to join orthopaedic prostheses together, and as a filling
substance to repair defects in the skull or vertebrae. It is
also used in the manufacture of eye prostheses. In all of
the above uses the methyl metacrylate comes into contact
with living tissue.
Nowadays this polymer has also found uses in many
areas of industry. With such a wide use of methyl metacrylate monomer, and given doubt as to its safety, research
into possible toxic effects is currently being performed.
There are many reports corcerning side effects
encountered during medical use. These side effects
include contact dermatitis (7,8,18), allergic stomatitis (9),
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and respiratory (4) and cardiovascular distrubance (6).
Cardiovascular effects are highly varied and include profound hypotension, cardiac arrythmias (1, 15), coronary
artery emboli (12), and even cardiac arrest (13,14,19).
Research which has been performed using experimental animals gives wide support to these clinical findings (2). The first study on this subject was performed by
Deichmann (5) in 1941. He administered oral methyl me
tacrylate and observed the formation of gastric erosions,
but no histopatological examination was performed.
These experiments were performed using rabbits, quinea
pigs, and rats, and he was able to calculate an oral LD50
of 8.41 ml/kg for rats.
In 1955 Spelman (16) and his colleagues investigated,
for the first time, the effects of inhaling methyl metacrylate
vapour. They were able to demonstrate a 50% mortality in
rats breathing vapour at a concentration of 55 mg/lt for 3
hours.
According to a Soviet study (Dorofeeva, 1976) (6),
MMA exposure caused above-normal incidence of
headache, dizziness, loss of memory, and irritableness.
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Tansy (17) and his associates commenced a series of
experiments. Histopahological studies of the heart, kidney,
spleen, stomach, small bowel, and adrenal tissue of rats
which had inhaled 116 ppm methyl metacrylate vapour for
3 and 6 months, and of rats which had uniinterruptedly
inhaled 1000 ppm methyl metacrylate vapour for 56
hours, showed no significant pathological changes.
In 1979 Innes, Tansy and Martin (11) let rats inhale
methyl metacrylate vapour at a concentration of 400 ppm
for a period of 60 minutes, and after a rest period of 30
minutes were able to demonstrate methyl metacrylate
sensitive cells in the lateral hypothalamus and central hippocampal regions, using records taken from microelectrodes implanted stereotactically into their brains.
Christiansen and et al. (1986) (3) examined four
patients who exposed for years to MMA using computed
tomographic scanning, two of these were found to be
normal and in to cases doubtful cortical atrophy was
found. These investigations confirm the suspicion that
MMA may produce acute and chronic CNS symptoms.
We have been unable to find any histopathological
study of the effect of methyl metacrylate on brain tissues.
The frequent occurrence, amongst dental students
and technicians, of disorders of the same type (such as
gastritis, ulcerative stomach disease, phychic disorders,
and pulmonary infections) characterized by similar symptoms, led us to determine the concentration of methyl
metacrylate vapour in the air of our laboratory. Preliminary
studies indicated that the concentration in the air of our
laboratory was very low. Because of this and because in
the literature generally the effects of high doses of methyl
metacrylate have been investigated, we have chosen to
study the effects of exposure to low doses of methyl
metacrylate vapour.
The purpose of our research was to study the effect of
low doses of methyl metacrylate on various organs. In this
paper only the effects on the central nervous system will
be discussed.
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Figure 1: System used in the experiment.

Figure 2: Leptomeningeal thickening and mononuclear cell infiltration in the 4 week test group.
was added dropwise to it. Oxygen was passed through this mixture at
a rate of 10 litres per minute vapoursing the methyl metacrylate and
forming the desired concentration in the cage air.
Special wooden cages of dimensions 25x25x50 cm were used
in these experiments. Two holes of egual diameter were made in the
lid, through one of which methyl metacrylate and oxygen entered at
a rate of 10 litres per minute whilst the carbon dioxide produced by
the respiration of the animals exited at the same speed from the
other (Figure 1).
This study was performed at the Medical and Surgical Research
Centre of Hacettepe University using 60 male swiss albino rats
weighting between 120 and 160 gr. Thirty rats were test animals and
30 were controls. Test groups composed of 10 rats were made to

MATERIALS AND METHODS

inhale methyl metacrylate vapour for 4, 8 or 12 weeks. Methyl

Prior to exposing our subject animals to methyl metacrylate

metacrylate was administered 5 days per week for 1 hour each day.

vapour it was first necessary to determine the daily dose and exposure

Control groups, each consisting of 10 animals were made to inhale

time that we would use. The acryl flasking stage, at which point dental

pure oxygen passed through PEG under identifical conditions and

technicians are exposed to methyl metacrylate vapour was chosen as

for the same periods of times as the test animals.

a criterion, and air was sampled during this process and analysed by

At the end of the test period, the effect of methyl metacrylate

gas chromatography. By this technique we determined the concentra-

vapour on the central nervous system was examined histopatholog-

tion of methyl metacrylate in the air as 0.45 ppm. Polyethylene glicol

ically.

(PEG) in order to obtain a methyl metacrylate concentration of 0.45

Forty eight hours after the end of the test period rats were sacri-

ppm in the cages during the experiment 1 litre of was put in a 2 litre

ficed. They were anaesthetized with nembutal (40 mg/kg) adminis-

glass balloon and 2.25 ml of methyl metacrylate monomer (De Trey's)

tered intraperitoneally. Following removal of the organs and blood,
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Figure 3: Plasma cells infiltration in the coroid plexus in the 4
week test group.

Figure 5: Control astrogliosis and linear mononuclear infiltration in
the 8 week test group.

Figure 4: Leptomeningeal thickening and mononuclear cell infiltration in 8 week test group.

Figure 6: Facal tissue necrosis (microabscess) in the 8 week test
groups.

the head was removed carefully from the neck, the brain was

which occurred in the 4 week group. In half of the cases
ependymitis and ventriculitis occurred, and in one case
there was a local defect in the ependyma consisting of
granulation tissue rich in blood vessels. In one third of
cases there was cortical astrogliosis, and in an equal
number of animals a dense linear mononuclear infiltration
was observed directly beneath the leptomeninges (Figure
5). In one case perivascular mononuclear infiltration in the
grey matter was observed to penetrate a pial vessel, whilst
in the same case a dense mononuclear infiltration around
the basal leptomeningeal vessel was observed. Again in
one case focal tissue necrosis (a microabscess) was
observed within the central nervous system (Figure 6),
whilst in another instance a dense perivascular mononuclear infiltration in the central nervous system was seen.
In the 12 week group (Group 3) leptomeningeal thickening and mononuclear infiltration was observed in two
thirds of the cases but was less pronounced than that
observed in Group 2. Minimal inflammatory changes were
observed in the intraventricular elements in 4 cases, and
in 3 cases gliosis in the superficial cortex was observed
(Figure 7). No pathological changes were found in the
intracerebal tissue.

removed from the skull and fixed in 10% formalin for 2 weeks. After
both hemispheres had been separated by saggital section, sections
were prepared and stained with haemotoxylin eosin and examined
under the light microscope.

RESULTS
Subject animals were divided into 3 groups and examined at 4, 8 and 12 weeks.
In the 4 week test group (group 1), in all animals varying grades of leptomeningeal thickening and mononuclear cell infiltration in this region were observed (Figure
2). These changes were not observed in the control
group. In half of the animals in this group there was
ependymal cell proliferation, oedema, and inflammatory
cell infiltration in the subependymal area. In 3 cases
mononuclear cell infiltration with plasma cells was
observed in the choroid plexus (Figure 3). In 2 cases cellular infiltration of the same type occurred in the basal
brain cortex.
In the 8 week group (group 2) leptomeningeal thickening and mononuclear cell infiltration was observed in all
animals (Figure 4), and was more pronounced than that
Journal of Islamic Academy of Sciences 1:1, 13-16, 1988
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Figure 7: Gliosis in the superficial cortex in the 12 week test group.

DISCUSSION
As it is known, methyl metacrylate is a toxic substance. This substance has been shown to induce manifest histopathological changes in central nervous system
tissue. These changes were most intense in rats exposed
to the substance for 8 weeks, and found to be less in rats
exposed to the substance for a shorter or longer period
(Groups 1 and 3).
We postulate that the histopathological changes we
have observed within the central nervous system have
occurred due to the passage of toxic methyl metacrylate
through the blood-brain barrier. The decrease of the intensity of findings at 12 weeks coupled with the occurrence of
gliosis in this group suggests the existence of a reparative
process.
The toxic substance disturbs the blood brain barrier,
penetrates into the central nervous system, and induces
harmful effects. The aetio-patnogenesis of the defect in
the blood-brain barrier remains unclear.
The leptomeningeal thickening and cellular infiltration
which we have observed in nearly all of our cases is probably due to chemical irritation (10).
The histopathological changes in the ependyma
which were observed in half of our cases may be evidence of the penetration of the toxic substance (methyl
metacrylate) into the central nervous system.
In areas in which methyl metacrylate is worked with,
the ventilation systemic needs to be very good.
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