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LETTERS TO THE EDITOR 

Scand J Work Environ Health 12 (1986) 154-155 

Comment on the interpretation of effects 
caused by chronic trichloroethylene exposure 

In a letter to the Editor, published in volume 11, 
number 6 (pp 495-497) of the Scandinavian Journal 
of Work Environment & Health, Drs A Gade & HH 
Jensen, from the University of Copenhagen, re- 
ferred to an article by myself and collaborators (4). 
The article is used by Gade & Jensen as an example 
of how readily "state-dependent learning" can cause 
misinterpretation in experiments in which behavior is 
used in exploring effects on the central nervous system. 
An explanation of our results, based on the theory of 
state-dependent learning (8,9), is put forward by Gade 
& Jensen. However, I do not agree with their inter- 
pretation and would therefore like to make some com- 
ments to the letter in your column. 

Our work was started with the intention of testing 
effects on the central nervous system from exposure 
to trichloroethylene. In the experiments we used a 
symetrical labyrinth developed by DS Olton (7) as a 
probe for spatial memory. The arms of the labyrinth 
are baited with sunflower seeds and the animals are 
allowed to seek and consume the seeds. This behavior 
is extremely sensitive to damage in the hippocampal 
area, while other parts of the brain seem not to be in- 
volved in any prominent way. 

In short our results were that no effects on seed- 
seeking behavior in the labyrinth could be seen during 
the solvent exposure or after it had been terminated. 
If, however, the animals were challenged by a second 
exposure several months after termination of the first, 
significant differences between the previously exposed 
animals and the controls were found. 

During the compilation of the results, the possibili- 
ty that differences in the learning situation of the ex- 
posed and control groups during one test could in- 
fluence the results obtained during subsequent tests was 
considered. However, as a number of other posibili- 
ties seemed equally plausible, it was thought far too 
early to propose this possibility as a definite explana- 
tion. Instead the results were cautiously mentioned as 
"effects." No theory was presented in order to explain 
these effects. 

Although no interpretation was given (contrary to 
what was suggested by Gade & Jensen), the effects were 
described as "irreversible," as they persisted several 
months after the termination of the exposure. Further- 
more they were considered as "covert," as they could 
not be revealed directly. Even ifthe interpretation given 
by Gade & Jensen is correct, I think the effects can 
still be considered both as irreversible and covert. As 
I see things, this is a pure description with no inten- 
tion to explain. 

In order to shed some light on the problem of learn- 
ing effects, a new experiment (which at that time was 
thought adequate) was designed. In it, in order to avoid 
any effects from learning, no testing in the maze was 
performed during the exposure but only at the end (as 
proposed by Gade & Jensen in their letter). In the 
article describing these experiments the results were 
explained on the basis of "emotionality" (2). I still 
think this explanation is a close to correct interpreta- 
tion, but Gade & Jensen seem to have missed this ar- 
ticle in their study of the literature. 

The idea of "emotionality" actually arose from a 
quite different experiment, in which the animals (Mon- 
golian gerbils) were trained to find a narrow cosy nest 
box, hidden in a large test box, under about 30 cm of 
shavings. The animals were trained until all of them 
dug their way into the nest box within 20 s after release 
on two consecutive days following the last training. 
We then studied how fast the animals forgot where the 
nest box was located. A curve describing "loss of 
memory" was obtained. On day 25 after the last train- 
ing (and thus last visit in the test box), only two animals 
out of 16 found the nest box. However, the same ani- 
mals (of which 14 had been removed before finding 
the nest box, most of them even before they had start- 
ed digging) were again tested on day 26. Then 13 of 
them fulfilled the criteria. From this result it seems 
clear that most of the animals knew where the nest box 
was already on day 25 but that they nevertheless did 
not dig for it. The next day they were once again, 
through the "training" on day 25, familiar with the 
test situation and thus started digging almost imme- 
diately for the nest box. Thus this test, designed for 
probing the memory, obviously probes something else. 

In our first experiment (4) it was found that the ex- 
posed mice made more correct choices during the pre- 
sumed unmasking condition (the second exposure) than 
on exposure-free days. Gade & Jensen think this find- 
ing is "logically damaging for the validity of our in- 
terpretation." As it is not said in their letter why it 
is "logically damaging," I can only guess. I presume 
they mean that one would have expected the mice to 
find and eat more seeds on exposure-free days and thus 
to be "better" on those days than on days when they 
had to cope with the second exposure. However, Gade 
& Jensen do not consider that all of this assumption 
is human expectation with no value whatsoever when 
applied to mice, especially when it is not known what 
it is that is "better" or "worse." As seen from the pre- 
viously described nest-box experiment, it might well 
be that the seed-seeking behavior in the maze has noth- 



ing to d o  with spatial memory but that it simply mea- 
sures what is normally assayed through the "open 
field" test, ie, "emotionality" (1). 

At this point the whole idea of developing a simple 
and reliable behavioral testing schedule for probing 
effects of solvent exposure on  the central nervous 
system was questioned. This questioning was partly due 
to  the fact that, even in our second experiment (2), 
learning could not be avoided, due t o  the inability to  
certify what actually caused the observed effects and 
thus what was learned. Results were also emerging 
which demonstrated that the inherent unreliability of 
long-time inhalation experiments is already from the 
beginning substantial (3). Furthermore direct evidence 
of a biochemical nature was beginning to be revealed 
( 5 ,  6, 10). 

Actually the biochemical evidence rather strongly re- 
jects the idea that learning in one form or another is 
responsible for the effects. Substantial biochemical al- 
terations occur in the central nervous system, not only 
on marker proteins for the glial cell population, but 
also on the lipids. These alterations point toward some 
form of adaptation or damage due to the solvent 
exposure. On one hand it is of course only specula- 
tion that the behavioral effects (as I still prefer to  call 
them) and the biochemical alterations are in any way 
causally related to  each other. On the other I am in- 
deed not prepared to explain the biochemical altera- 
tions as due to  any form of  learning. This would in- 
deed be presumptuous, and I do not think that Gade 
& Jensen mean it to  be the case. 

To  summarize, I find the concept of state-dependent 
learning interesting. But I do not think that our ex- 
periments prove it to  be the sole and correct explana- 
tion. I still prefer to regard what was seen as "effects," 
probably caused by "emotionality," and to await more 
substantial experimental confirmation before further 
theoretical picnics into the unknown are undertaken. 
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