
Scand J Work Environ Health 13 (1987) 453-458

Effects of low-dose inhalation of three chlorinated aliphatic
organic solvents on deoxyribonucleic acid in gerbil brain

by Jan-Erik Karlsson MO, 85,1 Lars E Rosengren MO,l Per Kjellstrand PhO,2 Kenneth G Haglid MOl

KARLSSON J-E, ROSENGREN LE, KJELLSTRAND P , HAGLID KG, Effects of low-do se inhalation
of thre e chlori nated aliphatic organic solvents on deo xyribonucleic acid in gerbil brain. Scand J Work
Environ Health 13 (1987) 453-458. Young adu lt Mongolian gerbils (Meriones ungiculatusi were con­
tinuously exposed by inhalation to I, I , I-trichloroethane at the Swedish occupational expo sur e limit (70
ppm) , to methylene chloride at three times (210 ppm) the Swedish occupational expo sure limit (70 ppm),
an d to perchloroethylene at thr ee times (60 ppm ) the Swedish occupat ion al exposure limit (20 ppm), for
thr ee months, follo wed by a four-month postexposur e solvent-free period . The concentr atio ns of deoxy­
ribonucleic acid (DNA) were then determined in different region s of the ger bil cent ral nervous system.
It was observed that the DNA concentrat ions in several brain regions were decreased in the exposed anim als.
It was found tha t 1,I ,t -trichloroeth an e induced these alterati ons in man y more brain areas at its Swedish
occu pationa l expo sure limit than the other solvents stud ied at threefold thei r Swedish occupational ex­
posure limit s. The results suggest that all the solvents decrease cell density by inhibiting the slow acqui si­
tion of DNA or by indu cing cell death in some sensitive brain areas and that I , I , I- trichloroethane should
not be rega rded as harmless as previou sly sta ted.

Key terms: brain, chro nic inhalation , deoxyribonu cleic acid, gerbil, methylene chlo ride, perchloroethylene,
to ta l protein, 1,1, I-tric hloroe tha ne.

1,1,1-Tr ichloroethane (methylchloro form) , methylene
chloride (dichloromethane), and per chloroethylene
(tetr achloroeth ylene) are chlorina ted hydrocarbons
that are widely used in industrial and consumer pro­
duct s. I,I,I-Trichloroethane has become increasingly
popular during the last few decades becau se of its
reput ed low degree o f toxicity (37). However , litt le is
known of the neur otoxicity of the compound . Studies
on workers in occupat iona l sett ings have been made ,
but no ad verse ef fects on the central nervous system
have been observed after chronic exposure to 1,1,1­
trichloroethane (12, 17, 18); howev er , the exposure
levels in these studies were relat ively low. Acute ex­
posure of hum ans to I, I , I-trichloroethane at 350 ppm
has been show n to impa ir functio ns of the centra l
nervous system in some ind ividual s (7). Lightheaded­
ness, head ache and coordination problems, drow si­
ness, anesthesia, narcosis, and even death may occur
as a consequence of accidental human exposure to high
solvent concentrations (4, 22,)3 , 36). A few long-term
stud ies on anima ls have been per formed, and 1,1,1­
tri chloroeth ane has been reported to be well tolerated
in several different species after long-term exposures
at dif ferent solvent concentra tions (5, 22, 23).

Th e advers e effec ts associated with exposure to
meth ylene chlor ide are pr imaril y neurological and
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cardiovascular (35, 38). Central nervous system effects
are relat ed to the anesthetic properties of the solvent,
and expo sure of humans to the solvent at 500-1 000
ppm has been shown to cau se early signs of central
nervous system depression (35, 42). In the occupational
setting diffuse toxic brain damage, resulting in visual
and auditory illusions , has been reported after chronic
exposure to meth ylene chloride (39, 40). Bilateral tern­
porallobe degeneration has been described in one in­
dividual after long-term exposure to high concentra­
tions of the solvent (2).

The ad verse effects associated with exposure to
perchloroethylene primarily involve the central nervous
system. Exposure of humans to low levels of thi s sol­
vent (100 ppm) has been shown to result in signs of
central nervous system dep ression in some individuals
(34), and it is aggra vated at higher concentrations (28).
Central nervous system symptoms, characteristic of the
neurasthenic syndrome, have been described after
chronic exposure to high concentrations of perchloro­
ethylene (8).

The purpose of this study was to compare the ef­
fects of chronic exposure to !,I,I -trich!oroethane,
methylene chlor ide, and pcrchlorocthylene at low levels
on the cell density of different distinct brain areas of the
gerbil central nervou s system. The gerbils were exposed
by continuous inhalation to !,I,I-trichloroethane at
70 ppm, to methylene chloride at 210 ppm, and to
perchloroethylene at 60 ppm for three months, fol­
lowed by a post-exposure solvent-free period of four
months. Aft er thi s period the deoxyribonucleic acid
(DNA) concentration s were quantitatively analyzed as
a measure of cell content in the various brain areas.
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Materials and methods

Animals

Twenty-four male and 24 female Mongolian gerbils
(Meriones ungiculatus) were used. The initial mean
weight of the male gerbils was 63.9 (SE 1.2) g and of
the females 50.9 (SE 0.8) g. The male and female ani­
mals were housed separately in transparent plastic
cages (45 x 24 x 15 em, four in each). The experimental
and control animals were sex-matched littermates.
Commercial laboratory rat chow (Astra Ewos, Swe­
den) and water was freely available. Sawdust was used
as bedding. The environmental temperature was kept
at 22 ± 2°e. Light supplementing daylight was auto­
matically controlled for 12 h of daylight, with 30 min
of twilight at dawn and evening.

Exposure

During the experimental run, the exposure was con­
tinuous. Commercial 1,1, l-trichloroethane, containing
5 % dioxane-free stabilizers (methyl ethyl ketone,
methylene oxide, butylene epoxide, butanol, and
nitromethane), methylene chloride, containing 0.3­
0.5 % stabilizers (butylene oxide and antioxidants), and
tetrachloroethylene, containing 0.01 % stabilizers, all
of cleaning grade, were used (Billerud AB, Sweden).
Each solvent was injected into a temperature-controlled
glass-vaporizer (60°C), mixed with a small volume of
air (20 IIh), and then diluted with clean air (1 OOOllh)
to produce the desired concentration (70 ppm for 1,1,1­
trichloroethane, 210 ppm for methylene chloride, and
60 ppm for perchloroethylene). All air was filtered to
remove oil and particles larger than 0.3 ~m. The con­
centration in the inhalation chambers was monitored
with a Miran IA spectrophotometer fitted with a mul­
tipath gas cell. The long-term stability of the system
permitted the concentration of the solvent to be held
within 10 % of the decided concentration. Interrup­
tions occurred only 1-2 h per week for the changing
of water, bedding material, and food.

Four male and four female gerbils were exposed for
each solvent concentration. Eight sex-matched litter­
mates served as controls for each solvent concentra­
tion and were exposed to clean air (I 000 IImin) in
chambers identical to those of the experimental ani­
mals. The exposure period was three months. Subse­
quently, the animals were removed from the inhala­
tion chambers and kept free from exposure for a four­
month period.

Preparation of tissue

After the solvent-free period, the gerbils were killed.
The brains were removed from the skulls and separated
from the spinal cords by transection at the distal end
of the fourth ventricle. The olfactory bulbs were
removed, and the brains were weighed. The cerebral
cortices were dissected on ice and divided by transverse
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cuts into three equally long parts, ie, frontal (frontal),
middle (sensory-motor), and dorsal (occipital) cerebral
cortex. The cerebellar hemispheres were divided at the
position of the sulci intercrurales into anterior and pos­
terior parts. The anterior (lobuli I-V) and posterior
(lobuli VI-X) cerebellar vermis, as well as the brain
stem (under the fourth ventricle) and the hippocampus,
were also dissected. Tissue samples were weighed,
quickly frozen on dry ice, and then stored in tight­
fitting boxes at - 80°C until analyzed. Tissues were
homogenized at 1:5 or 1:20 (weight: volume) in 0.024
M barbital buffer, pH 8.6, with 2.5 mM ethylene di­
aminetetraacetic acid and 1.0 mM 2-mercaptoethanol.

Analytical procedure

The protein concentrations in the homogenates were
determined according to Lowry et al (14). Bovine
serum albumin was used as the reference standard.
Analyses of the DNA concentrations in the hornoge­
nates were carried out according to Kissane & Robins
(10). Salmon DNA was used as the reference standard.

Statistical evaluation

The nonparametric Fisher's permutation test for paired
observations was used to test the differences observed
between the control and the exposed groups (1).

Results

Body and brain weights

No animal died during the exposure or the solvent-free
periods. There were no significant differences in body
weight between the exposed and control animals, either
at the end of exposure or after the solvent-free period.
Brain weights and the weights of the dissected brain
regions were not significantly altered between the ex­
posed and control animals.

Protein and deoxyribonucleic acid concentrations

1,1,1-Trichloroethane. The total protein concentrations
per wet weight in the different brain regions studied
were not significantly different after exposure to 1,1,1­
trichloroethane at 70 ppm. However, the DNA con­
centrations were significantly lower in the exposed
animals in three different brain areas, ie, the posterior
cerebellar hemisphere, the anterior cerebellar vermis,
and the hippocampus (figure 1).

Methylene chloride. The total protein concentrations
per wet weight in the different brain regions studied
were not significantly changed after exposure to meth­
ylene chloride at 210 ppm, when compared to those
of the controls. The DNA concentrations per wet
weight were significantly decreased in the hippocam­
pus after the exposure (figure 2).
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Figure 1. Deoxyribonucleic acid concentrations per wet weight (}tg/mg) in gerbil brain
areas after exposu re to 1,1,1-tr ichloromethane at 70 ppm for three mon ths followed by
a postexposu re so lvent-free period of four months. The statistical eval uation was per­
formed with the Fisher's permu tat ion test for paired observat ions (. Ps O.05). (F = front al
cerebral cortex, SM =sensory-motor cerebral co rtex, 0 =occ ip ital cereb ral cortex ,
HA =anterior cere bellar hemispheres, HP =posterior cerebell ar hemispheres,
VA =anter ior cerebe lla r vermi s, VP=poste rior cere bellar vermi s, BS =brain stem,
HIP =hippocampu s, bars =mean values of eight animals and the sta ndard errors of the
means, black columns = values fo r cont rol animals, stri ped co lumns = values for exposed
animals)
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Figure 2. Deoxyri bonucleic acid concen trati ons per wet weight (}tg/mg) in gerbil brain
areas atter exposure to methylene ch loride at 210 ppm for three mo nths follo wed by a
postexposure solvent-free period of four month s. The stat istic al evaluatio n was performed
wit h the Fishe r's permutat ion tes t for pai red observations (·p sO.05). The studied brain
areas as descr ibed in figure 1. (Bars =mean values of eight animals and the standard errors
of the means, black columns = values for control anima ls, st riped co lumns = values for
exposed animals)

Perchloro ethylene. The tot al protein concentrations
per wet weight in the differ ent brain areas studied were
not significantly changed after exposure to perchloro­
ethylene at 60 ppm. The DNA conce ntra tio ns per wet
weight were decreased in the fro nta l cerebral cortex
after the exposure (figure 3).

Discussion

In this study, gerb ils were exposed either to 1,1,1­
trichloroeth ane at the Swedish occup at ion al exposure
limit (70 ppm ) or to methylene chloride at th ree times
(210 ppm) the occupational exposure limit (70 ppm)
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Figure 3. Deoxyribon uc leic acid co ncentrations per wet weight (I'g/mg) in gerbil brain
areas after exposu re to perchloroethylene at 60 ppm for three months fol lowed by a post ­
exposure so lvent-free period of four months. The stati st ical evaluation was performed
with the Fisher's permutation test for paired observations (·P :50.05). The studied brain
areas as described in fig ure 1. (Bars = mean values of eight animals and t he standard errors
of the mean s, black columns =values for con t rol animals, str iped columns =valu es for
exposed animal s)

or to pen:hloroethylene at three times (60 ppm) the oc­
cupational expo sure limit (20 ppm) by continuous in­
halation for three months. Pr eviou s experiments with
etha nol, perchlorocthylene, meth ylene chloride, and
xylene con firm that thi s period of time is suff icient to
induce alt erations among different cell populations in
gerbil brain (24-27). According to these studies, the
anim als were subjected to a postexposure, solvent-free
period of four months to perm it an estimation of the
lasting or permanent changes induced by the precedin g
exposure.

In th is study no significant changes in bod y or brain
weight s were found between the exposed and control
animals. The concentrations of total proteins in the
different brain areas were no t significantly affected by
the exposure. Ho wever, exposure to 1,1, l -trichloro­
ethane at the Swedish occupational exposure limit (70
ppm) induced lasting decreased DNA concentrations
in three bra in areas , ie, the posterior cerebellar hem i­
sphere, the anterior cerebellar vermis , and the hip­
pocampus, while exposure to methylene chloride and
perchloroethylene at three times (210 or 60 ppm) their
Swedi sh occupational exposure limit s resulted in de­
crea sed DNA levels in the hippocampus and frontal
cerebral cortex , respectively. On the assumption of a
dip loid DNA content in the bra in cells and a metabolic
stability of DNA in the adult brain (9, 15), our result s
indicate a decreased cell den sity in several different
brain region s that ma y be du e to a loss of cells. Thi s
phenomenon might be ascribed to cell death of eg,
nerve or oligodendroglial cells, or the inhibition of the
slow nonneuronal cell acquisit ion phase in the adult
brain (II). Cellular events occurring during changes
of the normal environment of brain cells, especially
with regard to neurotoxins , are complex. Our results
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demonstr ate, far beyond chance, that long-term ex­
posure to these solvents result s in altered DNA concen­
trations as a sign of neurotoxicity in different parts
of the gerbil bra in . Although the mechani sm behind
the neurotoxicity of these solvents is unknown, our
results clearly show that no correlation between the re­
spective Swedish occupational exposure limits and their
effects could be determined.

I, I, l-Trichloroethane is metabolized to a negligible
extent (30, 31), cont rary to meth ylene chloride (3, 13),
while perchloroeth ylene is metabolized to some extent
(21,32). Thus local biotransfo rmat ion o f the solvents
in the central ner vous system could not explai n why
I, I, I-trichloroethane seems to have greater effects than
meth ylene chloride and perchloroethylene. However,
in this cont ext , one has to consider that the central
nervous system con ta ins a low content o f the cyto­
chrome P-450-monoxygenase system (16) and that the
brain levels of reactive metabolites might be low. With
regard to meth ylene chloride, the gluta thione-depen­
dent pathway of biotransformat ion present in the brain
has to be conside red (I), as well as the fact that
meth ylene chloride-derived J4ca rbon activity in brain
mac romolecules has been demonstrated , and th is phe­
nomenon might reflect metabolite bindin g (19, 20). On
the other hand , as I, I, I-tr ichloroethane is very lipid
so luble (29) and as high concentra tions o f the so lvent
can reach the central nervous system during expos ure
(41), effects on brain membranes a re prob able . Ho w­
ever, perchloroethylene is approximately five tim es
more lipid soluble than 1,1 , I-trichlor oetha ne and
should reach even higher levels in the centra l nervous
system (6). Lipid solu bility could thu s not expla in our
result s. Th e biochemical alterations induced after
chronic low-level exposure to I, I .l-trichloroethane in-



dicates that this solvent cannot be regarded as harm­
less , as p reviousl y sta te d (37), in com parison to meth­
yle ne c h loride and perchloroeth ylcne.
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