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Factors in Ethanol Tolerance
The report by Wenger et al. (1) reiterates these investigators' important addition to the literature on alcohol tolerance
(2), but the conclusions of the authors
would lead one to believe that learning is
the most important, if not the only, factor important for the development of
ethanol tolerance. These conclusions ignore a large number of experiments with
other techniques, such as liquid diets (3),
in which ethanol was administered to
animals in a manner such that learning
could play but a minimal role in the
development of tolerance. Yet, functional tolerance to ethanol's physiologic and
behavioral effects was clearly demonstrated after such a method of ethanol
administration.
Recent work in our laboratories (4)
has, however, also demonstrated that
the use of ethanol in paradigms which
constitute conditioning can produce tolerance not only to the hypothermic, but
also to the hypnotic effects of ethanol.
The demonstration of this "conditioned" tolerance depends on testing the
animals in the environment within which
they are accustomed to receiving ethanol, and no tolerance can be demonstrated when animals are given ethanol in a
novel environment. On the other hand,
tolerance produced by feeding animals a
liquid diet containing ethanol can be
demonstrated within a wide variety of
experimental environments. We have,
therefore, used the terms "environment-

clearly understood, but more is known in
this area than is presented by Wenger et
al. The pharmacologic manipulations
which have been used to investigate
learning and memory have been applied
to studies of ethanol tolerance. Our studies, with neurotoxins and neurohypophyseal peptides (5) have shown certain
similarities and some important differences in the way these agents affect the
environment-independent form of alcohol tolerance and their effect on learning
and memory. Our recent data on the
effects of neurohypophyseal peptides or
their analogs on development of environment-dependent and environment-independent alcohol tolerance further demonstrate differences in the effect of the
peptides on these two forms of ethanol
tolerance (6).
We would caution against an oversimplification of the alcohol tolerance phenomenon. Learning may be important in
the development of some aspects of ethanol tolerance, but may not be important
in all forms of ethanol tolerance. One
should not ignore the fact that even
within the categories of environmentindependent and environment-dependent forms of tolerance, a further subdivision into dispositional (metabolic)
and functional forms of ethanol tolerance
is necessary (7).

dependent" and "environment-independent" tolerance to refer to forms of
tolerance in which learning plays a major
and a minor role, respectively (4), and
we have presented evidence that development of the chronic, environment-independent form of alcohol tolerance requires the presence in the animal of
higher levels of ethanol for continuous
and extended periods of time compared
to the levels of ethanol required for development of environment-dependent alcohol tolerance.
Whether environment-dependent and
environment-independent forms of ethanol tolerance are simply dose-related,
additive, manifestations of a singular
physiological process is not, at present,
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quence of prey-catching behavior (16).
Similarly, stimulation of discrete brain
sites in the freely moving cricket elicits
different songs (17), and activation of
certain neurons in the marine gastropod,
Tritonia diomedia, elicits a complex escape pattern (18). These electrical stimulation experiments in lower vertebrates
and invertebrates demonstrate that in the
central nervous system there are motor
programs with fixed neuronal circuits
which, when stimulated, result in complex, well-coordinated motor patterns. It
is probable that such "hard wired" behaviors exist in mammals. Our studies
indicate that the microinjection of AVP
into a discrete area of the hypothalamus
of the hamster is able to trigger a complex, stereotypic motor pattern that exists normally in the animal's behavioral
repertoire, and they suggest that AVP
might function as a chemical messenger
in the initiation of flank marking in the
golden hamster.
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through nonpharmacological treatments
allows animals that have no previous
experience with drugs to develop tolerance to these effects (2, 10). Thus, the
critical factor appears to be the opportunity to experience the functional effects
of the drug (11) in a context that permits
learning to occur (10).
There are undoubtedly changes that
occur in the body as a simple function of
drug exposure. Indeed, Tabakoff and his
co-workers have long been in the forefront in demonstrating such changes at
the cellular level (12). What is not clear,
however, is whether the cellular changes
are related to the expression of tolerance
to ethanol by the intact organism. Tolerance at the physiological and behavioral
levels may be quite different. When adequate control procedures are used in
experiments on behavioral and physiological tolerance, learning appears to be
the predominant causal mechanism.
JOHN R. WENGER
STEPHEN C. WOODS
Department of Psychology, NI-25,
University of Washington,
Seattle 98195
References and Notes
1. J. R. Wenger, T. M. Tiffany, C. Bombardier, K.
Nicholls, S. C. Woods, Science 213, 575 (1981).
2. J. R. Wenger, V. Berlin, S. C. Woods, Behav.
Neural Biol. 28, 418 (1980); J. R. Wenger, T. M.
Tiffany, S. C. Woods, in Animal Models in
Alcohol Research, K. Eriksson, J. D. Sinclair,
K. Kiianmaa, Eds. (Academic Press, New
York, 1980), p. 351.
3. R. Ritzmann and B. Tabakoff, J. Pharmacol.
Exp. Ther. 199, 158 (1976).
4. D. B. Goldstein and N. Pal, Science 172, 288
(1971).
5. J. G. Mansfield, R. S. Benedict, S. C. Woods,
Psychopharmacology 79, 94 (1983).
6. C. L. Melchior and B. Tabakoff, J. Pharmacol.
Exp. Ther., in press; Alcohol. Clin. Exp. Res. 5,
161 (1981).
7. R. Ritzmann and B. Tabakoff, Nature (London)
263, 418 (1976); B. Tabakoff and R. Ritzmann, J.
Pharmacol. Exp. Ther. 203, 319 (1977); P. L.
Hoffman, R. F. Ritzmann, R. Walter, B. Tabakoff, Nature (London) 276, 614 (1978); P. L.
Hoffman and B. Tabakoff, in Currents in Alcoholism, M. Galanter, Ed. (Grune & Stratton,
New York, 1981); P. L. Hoffman, C. L. Melchior, R. F. Ritzmann, B. Tabakoff, Alcohol. Clin.
Exp. Res. 5, 154 (1981).
8. A. Ettenberg, D. VanDerKoy, M. LeMoal, G.
F. Koob, F. E. Bloom, Behav. Brain Res. 7, 331
(1983).
9. D. L. Hjeresen, D. R. Reed, S. C. Woods, Soc.
Neurosci. Abstr. 9, 1242 (1983); R. L. Alkana,
D. A. Finn, R. D. Malcolm, Life Sci. 32, 2685

(1983).

10. J. R. Wenger, thesis, University of Washington,
Seattle (1980); D. L. Hjeresen, A. D. Loebel, S.
C. Woods, Alcohol. Clin. Exp. Res. 6, 145

(1982).

11. H. Kalant, A. E. LeBlanc, R. J. Gibbons,
Pharmacol. Rev. 23, 135 (1971).
12. B. Tabakoff, in Animal Models in Alcohol Research, K. Eriksson, J. D. Sinclair, K. Kiianmaa, Eds. (Academic Press, New York, 1980),
p. 271.
13. Supported by NIH grant AA-04658.
25 January 1984

SCIENCE, VOL. 224

Downloaded from http://science.sciencemag.org/ on June 17, 2019

Our hypothesis that learning may be
the predominant mechanism underlying
tolerance to ethanol was based on our
studies (1, 2) showing that rats exhibited
tolerance to the disruptive effects of ethanol on treadmill performance only if,
during training trials, they walked on the
treadmill while intoxicated. Tabakoff,
Melchior, and Hoffman state that not all
instances of drug tolerance are caused by
learning. We agree that drug tolerance
may have multiple causes; however, in
many of the commonly used experimental designs, including those used and
cited by Tabakoff and his colleagues,
learning appears to us to be the most
parsimonious explanation.
Tabakoff et al. state that learning
"could play but a minimal role in the
development of tolerance" when animals are given ethanol as a necessary
component of their sole source offood, a
liquid diet (3). This procedure, as well as
that in which ethanol vapor is a part of
the atmosphere in which animals live (4),
presents an unusual situation as regards
a possible influence of learning. Most
experiments indicating that learning has
a major role in the development of drug
tolerance are done with procedures that
maximize the likelihood of revealing a
learning effect. In these studies, single,
specific discriminative stimuli are always
associated with drug administration or
drug effect (or both), so that only the
same stimuli are ultimately capable of
eliciting the expression of tolerance.
This is true in both our own (1, 2, 5)
conditioning experiments and those of
Melchior and Tabakoff (6). However, in
the liquid diet and ethanol inhalation
experiments, the drug is taken into the
body continually and therefore elicits its
physiological and behavioral effects continually and in the presence of all possible environmental situations available to

the animal. Neither a particular time of
the day nor a particular stimulus signals
the drug's effects. It is therefore unlikely
that specific environmental stimuli will
become reliable predictors of a drug's
effects in such situations. However,
since the physiological effects of ethanol
are continually present, internal or interoceptive stimuli may come to assume
a greater than normal control of compensatory responses that may be responsible
for tolerance; that is, in the absence of
predictive exteroceptive stimuli, interoceptive stimuli invariably associated
with the effects of ethanol in the body
may in time control the expression of
tolerance. It is therefore not surprising
that tolerance in such situations "can be
demonstrated in a wide variety of (exteroceptive) experimental environments," as Ritzmann and Tabakoff (3)
found, because the interoceptive stimuli
were present in all of their test situations. Learning is therefore a possible
explanation of tolerance to ethanol acquired in the liquid diet and ethanol
vapor experiments.
The fundamentally different mechanism by which the expression of tolerance is elicited in procedures requiring a
continual intake of ethanol may also account for its differential sensitivity to
neurotoxins and neurohypophyseal peptides, as found by Tabakoff and his colleagues (7). Ettenberg et al. (8) reported
that neurohypophyseal peptides may
have differential effects on different
types of learning.
In order to describe the apparent diversity of causes and types of tolerance,
Melchior and Tabakoff (6) suggested that
tolerance should be classified as environment-dependent or environment-independent. We believe that such a distinction may mask the more important issue
concerning the development of tolerance. We believe that the specific experience one has while intoxicated is the
critical factor. Ethanol administration
does not in itself necessarily lead to the
development of tolerance. Our studies
(1, 2, 5) and those of others (6, 9) have
shown that, for tolerance to develop,
animals must experience the functionally
disruptive effects of ethanol in a context
that permits learning to occur. Blocking
the functional effects of ethanol blocks
the development of tolerance to these
effects. Conversely, allowing animals to
experience some of the effects of ethanol
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