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KYRKLUND T, GORACCI G, HAGLID KG, ROSENGREN L, PORCELLATI G, KJELLSTRAND 
P. Chronic effects of trichloroethylene upon S-100 protein content arid lipid composition in gerbil cere- 
bellum. Scand J Work Environ Health 10 (1984) 89-93. Gerbil rats were exposed to trichloroethylene 
(TCE) vapors intermittently (8 h/d) at 5 10 ppm or continuously at 170 ppm for five months. The cerebel- 
lar content of S-100 protein and the phospholipid fatty-acid profiles were determined. S-100 protein, a 
possible marker for astrocytic reactivity, indicated delayed astrocytic reactivity in the anterior cerebellar 
hemisphere and a decrease of S-100 protein in the posterior cerebellar vermis. Minor lipid changes were 
observed. The fatty-acid profiles of ethanolamine phosphoglycerides showed a tendency towards altera- 
tions among the 22-carbon fatty acids, with a decrease in 22:5 (N-3), similar to those shown earlier for 
cerebral cortex and hippocampus of the gerbil. Two monoenoic fatty acids were decreased, the 20:l of 
phosphatidyl-ethanolamine and the 18:l of the phosphatidyl-serine. This occurrence could indicate a de- 
crease in myelin in areas where these two fatty acids were found to be enriched. 

Key terms: acyl group composition, chronic exposure, fatty-acid composition, glial proteins, organic 
solvents. 

Trichloroethylene (TCE), a chlorinated aliphatic 
hydrocarbon, is one of the most commonly used or- 
ganic solvents in industry. For example, it is used in 
degreasing, as a glue component, and as a cleaning 
agent. 

The potential hazards of TCE exposure to man 
have been investigated previously (6,  14, 20, 23). Al- 
though there exists a well-known depressant effect on 
the central nervous system and several reports describe 
fatigue, headache, and loss of memory, clear evi- 
dence of alterations in the nervous system are few (7, 
8, 11) except after exposure to  very high doses (3, 16). 

Organic solvents are thought to  have their anes- 
thetic effects on neural membranes, in particular by 
their interaction with membrane lipids (5, 19). In this 
report we present data on the cholesterol levels, 
phospholipid composition, and fatty-acid distribu- 
tion of four major phospholipid classes in the Mon- 
golian gerbil cerebellum. The animals were chronical- 
ly exposed to TCE for five months to  examine 
whether lipid alterations might develop. A recent 
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publication from our laboratory reported fatty-acid 
changes in gerbil cerebrum after long-term exposure 
to low doses of TCE (13). 

The soluble protein S-100 has been presented as a 
useful tool in the study of glial reactivity after expo- 
sure to chlorinated organic solvents (7, 8), and pro- 
nounced gliosis could be suspected to  give lipid 
changes. Consequently the concentration of S-100 in 
different regions of the cerebellum was investigated. 

Methods 

Mongolian gerbils were exposed to TCE vapors in an 
inhalation chamber. A description of the exposure 
procedure has previously been published (8). This 
chronic five-month experiment was designed to com- 
pare continuous 24-h exposure with intermittent ex- 
posure (8 h of exposure & 16 h of nonexposure). 
The TCE vapor concentration in the continuous ex- 
posure group was 170 ppm and in the 8-h intermittent 
group 510 ppm. Therefore, the average exposure 
throughout 24-h was the same in both TCE-exposed 
groups. Animals exposed to air in identical chambers 
served as a control group. 

For the determination of the S-100 protein, the ani- 
mals were decapitated, whereafter the cerebellums 
were rapidly extirpated and dissected into four dis- 
crete regions (8). The tissue samples were weighed 
and frozen at -80°C until analyzed. A soluble pro- 



tein fraction was extracted in a 0.1 M barbital buffer 
(pH 7.6) according to described procedures (8). The 
S-100 protein quantitation was carried out with 
rocket immunoelectrophoresis according to Stavrou 
et a1 (21). 

The animals for the lipid analyses were killed by 
decapitation, and the heads were immediately sub- 
jected to focused microwave irradiation (2,450 Hz, 
2,400 W, 1.39 s) prior to dissection of the cerebellums. 
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The cerebellums were weighed, frozen on dry ice, and 
stored at  -40°C. 

Three frozen cerebellums were pooled and ex- 
tracted in chloroform/methanol (2:l) according to 
Folch-Pi et a1 (4). The chloroform contained 0.1 Yo 
2,6-di-tert-butyl-p-cresol, as an antioxidant. The 
lipid extract was passed through a 10-g silic acid col- 
umn (inner diameter 1 x 30 cm), neutral lipids being 
eluted with 125 ml of chloroform/methanol (98:2) 
and polar lipids with 125 ml of methanol (18). The re- 
sulting extracts were taken to dryness on a rotatory 
evaporator. Cholesterol and lipid phosphorus were 
determined according to Zlatkis et a1 (24) and Ernster 
et a1 (2). Two-dimensional thin-layer chromatog- 
raphy was performed to separate individual phos- 
pholipids (10). Spots were visualized and scraped off 
for phosphorous determination, the individual 
phospholipid content thus being provided (2). For 
analysis of the fatty-acid composition, individual 
phospholipids were again separated as already de- 
scribed. Methyl esters of the scraped spots were pre- 
pared (18), and gas chromatographic analysis was 
carried out on a 1.8-m packed column using 10 % 
SP-2330 on Chromosorb WAW (Supelco) at 190°C 
(18). Peak areas were calculated by electronic integra- 
tion. Each sample was run in duplicate. 

The statistical treatment of the lipid results was 
performed with the analysis of variance, which was 
followed by the least significant difference test for F 
values giving a probability of < 0.05 (15). S-100 pro- 
tein was analyzed as the percentage of the control 
levels by Fisher's permutation test (17). 
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Figufe 1. S-100 prote~n (rnglg wet we~ght) In the anter~or 
hem~sphere (HA), posterlor hern~sphere (HP), anterlor vermls There was no significant difference in the weight of 
(VAL and posteriorverrnis (VP) of gerbil cerebellum as the Per- the pooled cerebellums of the control and solvent- 
centage of the corresponding control value (' p < 0.05 & 
'* p < 0 01 as compared to the control value). treated groups [controls 0.433 (SD 0.023) g, continu- 

Table 1. Lipid composition (pmol/g wet weight) in gerbil cerebellum exposed to trichloroethylene (TCE) (170 ppm continuously 
or 510 ppm intermittently for five months). 

-- 

Control Continuous TCE Intermittent TCE 
(N = 4) exposure (N = 4) exposure (N = 4) 

Lipid class - - 
Mean SD Mean SD Mean SD - 

Cholesterol 35.5 2.82 39.3 5.10 39.2 2.59 

Total lipid phosphorus 58.8 2.43 59.5 1.30 58.3 0.81 

Phosphatidyl-ethanolarnine 9.7 0.23 10.3 0.19" 9.8 0.21 

Ethanolamine plasmalogen 13.7 0.74 13.6 0.48 13.3 0.61 

Phosphatidyl-choline 21.3 1.32 21.6 0.36 21.3 0.76 

Choline plasmalogen 0.9 0.18 0.9 0.17 0.9 0.33 

Phosphatidyl-inositol 2.0 0.12 1.9 0.12 1.9 0.05 

Sphingornyelin 3.7 0.24 3.7 0.28 3.6 0.31 

Phosphatidyl-serine 7.7 0.54 7.5 0.90 7.6 0.27 

Ethanolarnine plasmalogen as percentage 
of the total ethanolamine phosphoglyceride 58.4 0.96 56.8 1.13 57.6 1.36 

* '  p < 0.01 as compared to control 



ously exposed 0.400 (SD 0.026) g, intermittently ex- were all decreased in the continuously exposed group 
posed 0.410 (SD 0.027) g]. S-100 protein per wet in comparison to the corresponding values of the 
weight of tissue showed an increase in the anterior hem- controls (tables 2, 3 & 5). 
ispheres after continuous exposure to TCE (figure 
1). The corresponding levels of the posterior hemi- 
spheres and the anterior part of the cerebellar vermis 
were however similar to the control values. The 
posterior part of the cerebellar vermis of the exposed 
groups showed a decreased S-100 content in compari- 
son to that of the controls (figure 1). 

In whole cerebellum, the concentrations of the in- 
dividual phospholipids were approximately the same 
in all the groups with respect to  TCE exposure. 
Phosphatidyl-ethanolamine showed a small but signi- 
ficant increase (p < 0.01) in the group continuously 
exposed to 170 ppm of TCE (table 1). The total lipid 
phosphorous and cholesterol contents were unchanged. 

Discussion 

The levels of exposure to TCE in this study were be- 
low the anesthetic level. Since it was reported recently 
(12) that exposure to  TCE vapor for five to nine 
months induces signs of adaptation, we chose a 
similar experimental period. 

The glial protein S-100 has been shown to be af- 
fected by chlorinated organic solvents. This phe- 
nomenon was shown both after various lengths of ex- 
posure (up to eight weeks) and after the animals were 
allowed to recover at the end of exposure (7, 8). In 

The fatty-acid pattern of the main phospholipid a previous study the S-100 protein was shown to in- 
classes was similar among the different groups of ani- crease initially in several regions of the gerbil brain 
mals (tables 2-5). However, the 22:5 (N-3) content during the first four weeks of exposure. After eight 
in ethanolamine plasmalogen, the 20:l in phosphati- weeks of exposure the S-100 protein declined to near 
dyl-ethanolamine, and the 18:l in phosphatidyl-serine control values (8). 

Table 2. Fatty acid composition of phosphatidyl-ethanolamine (mol %) in gerbil cerebellum exposed to trichloroethylene (TCE) 
(170 ppm continuously or 510 ppm intermittently for five months). 

Fatty acid 

Control Continuous TCE exposure Intermittent TCE exposure 
(N = 4) (N = 4) (N = 4) 

Mean S D Mean SD Mean S D 

* p < 0.05 as compared to control 

Table 3. Fatty acid composition of ethanolamine plasmalogen (mol %) in gerbil cerebellum exposed to trichloroethylene (TCE) 
(170 ppm continuously or 510 ppm intermittently for five months). 

Control Continuous TCE exposure Intermittent TCE exposure 

Fatty acid (N = 4) (N = 4) (N = 4) 

Mean S D Mean S D Mean S D 

* p < 0.05 as compared to control. 
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Table 4. Fatty acid composition of phosphatidyl-choline (mol %) in gerbil cerebellum exposed to trichloroethylene (TCE) (170 ppm 
continuously or 510 ppm intermittently for five months). 

Control Continuous TCE ex~osure  Intermittent TCE ex~osure  
Fatty acid (N = 4) (N = 4) (N = 4) 

Mean SD Mean S D Mean S D 

Table 5. Fatty acid composition of phosphatidyl-serine (mol %) in gerbil cerebellum exposed to trichloroethylene (TCE) (170 ppm 
continuously or 510 ppm intermittently for five months). 

Fatty acid 
Control Continuous TCE exposure Intermittent TCE exposure 
(N = 4) (N = 4) (N = 4) 

Mean S D Mean S D Mean SD 

16:O 2.23 
16:l 0.47 
18:0 33.67 
18:l 26.91 
18:2 1.08 
18:3 0.40 
20:l 2.21 
20:3 (N -6) 0.89 
20:4 (N-6) 4.51 
205 (N-3) 0.28 
22:4 (N-6) 2.64 
225  (N -6) 1.53 
225 (N -3) 0.34 
22:6 (N -3) 21.95 

p < 0.05 as compared to control. 

In the present experiment the exposure level was 
lower and the exposure time longer than in the previ- 
ously mentioned study. The S-100 protein was elevat- 
ed in the cerebellar anterior hemisphere, a brain re- 
gion that showed no change at shorter periods (8). 
Moreover we found decreased levels of S-100 protein 
in the posterior cerebellar vermis after both con- 
tinuous and intermittent exposure to TCE. This region 
showed a gradual increase over the first four weeks of 
TCE exposure (320 ppm), declining again to base 
levels until week eight (8). 

Altered levels of the S-100 protein might reflect 
glial cell reactivity towards poisoning. Moreover a 
differential sensitivity of the glial cell S-100 protein 
has been shown in different brain regions upon expo- 
sure to organic solvents (7, 8). Consequently the in- 
creased S-100 protein concentration in the cerebellar 
anterior hemisphere can indicate delayed glial cell re- 
activity and, therefore, reflect lower sensitivity 
towards TCE poisoning in comparison to that ob- 
served in the posterior cerebellar vermis. In this cere- 
bellar region, the initial increase in S-100 protein 

during the first weeks of exposure changed to a de- 
crease when a longer experimental period was used 
(8). The initial dynamic changes in the content of 
S-100 protein appeared to stabilize in this long-term 
experiment, and the decrease observed in the posterior 
vermis was also evident after three months of expo- 
sure followed by a rehabilitation period (7). Any 
suspected change in the glial population would be so 
small that it would not possibly affect the lipid com- 
position under the present conditions. Changes in the 
S-100 protein levels could, in part, also reflect organic 
solvent-induced alterations in protein-membrane in- 
teractions (8), since calcium-induced binding of S-100 
protein to membranes has been demonstrated (1). 

Exposure to TCE showed no pronounced effects 
on the lipid class concentrations. An increased con- 
centration of phosphatidyl-ethanolamine was noted 
in the continuously exposed group, and a tendency 
towards a reduction in the relative amount of ethanol- 
amine plasmalogen was observed in both exposed 
groups. Such changes could not be satisfactorily ex- 
plained. 



The small changes observed among the 22-carbon 
highly polyunsaturated fatty acids in ethanolamine 
phosphoglycerides (tables 2 & 3) were in agreement 
with, but lower than, those observed for cerebral 
cortex and  hippocampus after 12 months' exposure 
to  T C E  (150 ppm) (13). The present observation with 
decreased 22:s (N-3) was a persistent finding. The 
long-chain polyunsaturated fatty acids did not seem 
t o  be affected in phosphatidyl-choline and phosphati- 
dyl-serine in the same manner as in ethanolamine 
phosphoglycerides. 

The whole cerebellum contained a larger amount 
of  white matter. This phenomenon was evidenced by 
a higher content of  ethanolamine plasmalogen and 
monoenoic fatty acids in comparison to  that ob- 
served in cerebral cortex and hippocampus of  the ger- 
bil (13). One alternative is that the long-chain highly 
polyunsaturated fatty acids could be  less sensitive to  
change after TCE exposure in whole cerebellum than 
in cerebral cortex and hippocampus. More likely, al- 
terations in the highly polyunsaturated fatty acids oc- 
cur largely in the gray matter and,  therefore, were 
less pronounced in this experiment concerning whole 
cerebellum. O n  the other hand, a decrease in phos- 
phatidyl-ethanolamine 20: 1 and phosphatidyl-serine 
18:l was found, two fatty acids that  are found in high 
proportions in myelin (9, 22). This finding could indi- 
cate a small decrease in myelin content. 

Exposure to TCE vapor induces minor changes in 
lipid class concentrations and fatty-acid distribution 
in gerbil cerebellum. Long-chain, highly polyun- 
saturated fatty acids in ethanolamine phosphoglycer- 
ides seemed to  be affected, as well as the monoenes. 

Intermittent (8 h/d) exposure appears t o  have less 
effect than continuous exposure (24 h/d) or  may, 
t o  a greater extent, induce protective mechanisms 
towards injury. 
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