more evaluative language, both positive
and negative (for example, right-wrong,
good-bad) (r = 2.86, P < .01) than con-
trols did. In addition, they differed signif-
icantly (z = 5.00, P < .001) from the
controls in their greater use of positive
evaluative language. Experimental sub-
jects reported feeling no more suspicious
than did control subjects. These last two
findings weaken the possible criticism
that the results were based simply on
anger induced by the experimental ma-
nipulation.

Both groups experiencing a hearing
deficit reported, as expected, that their
hearing was not keen, but reported no
other sensory difficulties. Those who
were partially deaf without being aware
of the source of the deafness did experi-
ence greater confusion, which is likely to
have motivated an active search for an
appropriate explanation. Over time,
however, if their delusional systems
were allowed to become more coherent
and systematized, the paranoid reaction
would be less likely to involve confu-
sion. Ultimately, there is so much confi-
dence in the proposed paranoid explana-
tory system that alternative scenarios
are rejected.

Despite the artificiality of our labora-
tory procedure, functionally analogous
predicaments occur in everyday life.
People’s hearing does deteriorate with-
out their realizing it. Indeed, the onset of
deafness among the elderly is sometimes
actively denied because recognizing a
hearing deficit may be tantamount to
acknowledging a greater defect—old
age. Perhaps self-deception about one’s
hearing deficit may even be sufficient, in
some circumstances, to yield a similar
response, namely, a search for a more
personally acceptable alternative that
finds fault in others rather than in one-
self. When there is no social or cultural
support for the chosen explanation and
the actor is relatively powerless, others
may judge him or her to be irrational and
suffering from a mental disorder. Al-
though our subjects were young and had
normal hearing, these findings have ob-
vious bearing on a possible cognitive-
social mechanism by which deafness
may lead to paranoia among the middle-
aged and elderly.
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Exposure of Rats to Alcohol in utero
Alters Drug Sensitivity in Adulthood

Abstract. Pregnant rats were intubated with alcohol (ethanol, 3 grams per
kilogram) twice daily throughout gestation. Control animals received solutions of
isocaloric sucrose. At birth, offspring were placed with untreated surrogate dams.
Beginning at 6 months of age, the offspring were tested for their thermogenic
responsiveness to various drugs and to cold. Prenatal exposure to alcohol resulted in
tolerance to alcohol and cross-tolerance to pentobarbital and diazepam but did not
result in cross-tolerance to chlorpromazine, morphine, and d-amphetamine and did
not affect responsiveness to cold. This pattern of effects suggests that prenatal
exposure to alcohol produces specific long-term effects on the neural mechanisms

underlying drug tolerance.

Fetal alcohol syndrome refers to a
pattern of anomalies—growth retarda-
tion, morphological abnormalities, and
behavioral disorders—in the offspring of
female chronic alcoholics (/). Nearly all
of these anomalies have also been pro-
duced in animals prenatally exposed to
alcohol (2), supporting the validity and
utility of animal models of this syn-
drome.

We report that, in rats, prenatal expo-
sure to alcohol modifies adult respon-
siveness to alcohol and to drugs for
which alcohol causes cross-tolerance but
does not alter responsiveness to drugs
for which alcohol does not induce cross-
tolerance. This pattern of effects sug-
gests that alcohol exposure in utero al-
ters specific cellular mechanisms under-
lying tolerance in the brain. Because of
its sensitivity as an indicator of drug
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action, temperature regulation was used
to assess tolerance (3). Considerable in-
formation is available concerning the
neuroanatomical and neurochemical
bases of thermoregulation (4), which
could provide foci for further studies.
Twenty-five Long-Evans rats (Blue
Spruce Farms), pregnant and about 100
days old, were divided into two groups.
Group A rats (N = 15) were intubated
with 3 g of ethanol (8 percent by volume)
per kilogram twice daily throughout
pregnancy, beginning on day 1 of gesta-
tion. This dose is behaviorally teratogen-
icin rats (5). Group C rats (N = 10) were
intubated with a solution of isocaloric
sucrose. The group C animals were given
the same amount of food (Teklad 10
percent) and water as received by the
group A animals. All animals were indi-
vidually housed in Plexiglas cages in a
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room with 14 hours of light and constant
temperature (22° = 1°C) and humidity
(45 percent). On day 20 of gestation, five
animals from group A were killed 1 hour
after intubation and 25 ul of blood was
removed and analyzed by gas chroma-
tography (6) for blood alcohol concentra-
tions. Isopropanol was used as an inter-
nal standard. The remaining animals
were allowed to deliver their litters.
Within 12 hours after birth, all litters
were removed from their biological
mothers, culled to ten pups, and given to
untreated foster mothers to avoid possi-
ble artifacts resulting from alcohol-in-
duced impairment of maternal behavior
or lactation (7). Offspring were weaned
at 22 days of age and placed in cages with
two to three littermates of the same sex.
Beginning at 6 months of age, ten fe-
males and ten males from each group
were given intraperitoneal injections of
ethanol (2 or 3 g/kg), sodium pentobarbi-
tal (5 or 20 mg/kg), morphine (5 or 20 mg/
kg), diazepam (5 or 20 mg/kg), chlorpro-
mazine (5 or 20 mg/kg), and d-ampheta-
mine (5 mg/kg). At least 4 days separated
the injections received by each rat. Rec-
tal temperatures were obtained with a
Yellow Springs Telethermometer before
injection and at hourly intervals after
injection. The last injection was given
when the rat was 10 months old. Two
weeks later, baseline rectal temperatures
were again obtained for females. These
animals were then placed in a cold
(4°C) chamber for 8 hours to determine

temperature regulation in response to
cold stress.

The effects of alcohol exposure in
utero on blood alcohol levels, weight at
birth, and postnatal mortality have been
reported elsewhere (§). Mean blood alco-
hol level 1 hour after intubation was
204 = 11 mg per 100 ml. At 6 months of
age, experimental males and females had
mean weights 0of 499 = 16 and 270 + 8 g,
respectively, compared to 553 = 15 and
302 £ 5 g for male and female controls
(P < .05, Student’s t-test), Litter size
was not significantly affected.

The effects of prenatal exposure to
alcohol on drug responsiveness in fe-
males are presented in Fig. 1. Baseline
temperatures before drug administration
were identical for groups A and C on
each day of testing. The changes in body
temperature were dose-related. Mor-
phine and d-amphetamine produced
slight hyperthermia in addition to hypo-
thermia. The hypothermia produced by 2
or 3 g of alcohol per kilogram was signifi-
cantly (P < .02 and P < .001, respec-
tively) less in females that had been
exposed to alcohol prenatally (group A).
Group A females also experienced a sig-
nificantly smaller decrease in body tem-
perature in response to pentobarbital (20
mg/kg; P < .05) or diazepam (20 mg/kg;
P < .005). [The treatment X trials inter-
action but not the main treatment factor
was significant in the pentobarbital
study. However, replication with this
dose did result in a significant main treat-

40 Ethanot (3 g/kg) 39, Sodium pentobarbital

201 5 (20 mg/kg)

381 374

374 36 -

36 354
-
o T T T T T T T 1 T T T T T T 1
1 01 2 3 4 5 6 7 0 1 2 3 4 5 6
4 Morphine sulfate Diazepam
3 407 40
S . (20 mg/kg) 2 (20 mg/kg)
e -] " N
©
g' 38 m 38+ % Fig. 1. Drpg-induced
S 37 . 37 hypothermia in fe-
- male rats prenatally
2 364 361 exposed to alcohol
s e o (&) and in controls
- 01 2 3 4 5 6 7 0 1 2 3 4 5 6 (0).
]
g 39 Chlorpromazine 41 d-Amphetamine

0 mg/k

25 (20 mg/kg) 40 (5 mag/kg)

374 . 39

361 T 384

35 37+

‘;’ 12345 6 7 9 1 2 3 4 5 6
Baseline Baseline

Hours after injection

. man

ment effect (P < .05), with group A ani-
mals exhibiting less hypothermia than
group C animals.]

Differences between the responses of
control and experimental rats to mor-
phine (5 or 20 mg/kg), chlorpromazine (5
or 20 mg/kg), or d-amphetamine (5 mg/
kg) were not significant. Between-group
differences in sensitivity to cold in the
absence of drug treatment were also not
significant. Compared to control males,
group A males exhibited significantly
less hypothermia only in response to the
lower dose of alcohol (P < .05). Differ-
ences in sensitivity to the other drugs
were not significant.

Previous studies have also shown that
tolerance to alcohol can result in cross-
tolerance to pentobarbital and diazepam
(9). Cross-tolerance between morphine
and alcohol does not generally occur
[however, see (10)], nor does cross-toler-
ance occur between alcohol and chlor-
promazine or d-amphetamine (/7).

The present results demonstrate that
prenatal exposure to alcohol can pro-
duce long-lasting tolerance not only to
alcohol but also to drugs for which alco-
hol stimulates cross-tolerance. These ob-
servations, together with the nonsignifi-
cant between-group differences in sensi-
tivity to drugs for which alcohol does not
stimulate cross-tolerance (morphine,
chlorpromazine, or d-amphetamine) or
in senstivity to cold, suggest that prena-
tal exposure to alcohol affects some spe-
cific mechanism underlying responsive-
ness to alcohol and related drugs rather
than a general temperature-regulating
mechanism. Since these drugs are me-
tabolized by different hepatic mecha-
nisms, the observed tolerance is proba-
bly the result of functional changes in the
central nervous system. The absence of
comparable effects for male animals,
however, suggests that the effect is sex-
specific. The greater sensitivity of fe-
males to the effects of alcohol given in
utero has been noted in other contexts
).

Although pre- and postnatal exposure
to alcohol have been reported to induce
tolerance to alcohol (7, 12), the observa-
tions were noted in relatively young off-
spring. Our demonstration of tolerance
to alcohol and related drugs occurring as
long as 6 months after the last exposure
is remarkable, since loss of tolerance in
alcohol-treated animals generally occurs
within days (13). Interestingly, long-term
tolerance to the hypothermic effects of
phenobarbital has also been observed in
animals prenatally exposed to phenobar-
bital (I4), suggesting that in utero expo-
sure to drugs may irreversibly affect cen-
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tral neural mechanisms underlying drug
tolerance. In several instances, the be-
havioral effects of prenatal exposure to
alcohol tended to dissipate with age (15).
The long-lasting effects reported here
and previously by our laboratory with
regard to learning deficits (5) suggest that
permanent functional changes in the cen-
tral nervous system result from in utero
exposure to alcohol.
ErNesT L. ABEL
RENEE BUSH
BARBARA A. DINTCHEFF
Research Institute on Alcoholism,
Buffalo, New York 14203
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Morphine-Induced Attenuation of Morphine Tolerance

Abstract. Rats experienced both morphine and an environmental cue, but the cue
always signaled a drug-free period. They were subsequently administered morphine
in the presence of the cue, and the development of analgesic tolerance was assessed.
The prior experience retarded such tolerance. The finding that a procedure of opiate
administration can retard opiate tolerance suggests that an association between
cues preceding the drug and the drug itself contributes to tolerance.

Several investigators have suggested
that learning contributes to opiate toler-
ance, and recent analyses of tolerance
emphasize the principles of Pavlovian
conditioning (I). Pavlov (2) suggested
that the administration of a drug normal-
ly constitutes a conditioning trial. The
conditional stimulus (CS) consists of en-
vironmental cues uniquely present at the
time of drug administration, and the un-
conditional stimulus (UCS) consists of
the systemic effects of the drug. The
development of an association between
the environmental and pharmacological
stimuli is revealed if the subject is admin-
istered a placebo. Drug conditional re-
sponses (CR’s) are often opposite in di-
rection to the unconditional effects of the
drug (I, 3). These anticipatory respons-
es, antagonistic to the effects of the drug,
should attenuate the effect of the drug
and may contribute to tolerance.

The conditioning analysis of tolerance
is supported by demonstrations that a
variety of nonpharmacological manipula-
tions similarly affect CR formation and
morphine tolerance (I). Thus, if placebo
injections are presented either before,
interspersed among, or after morphine
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injections, the acquisition of morphine
tolerance is attenuated, much as presen-
tations of the CS before, during, or after
paired CS-UCS presentations attenuate
CR strength [so-called ‘“‘latent inhibi-
tion,’’ partial reinforcement, and extinc-
tion effects, respectively ¢, 5)]. Such
results demonstrate that tolerance can be
diminished by presenting without the
drug the cues that normally signal the
drug. The conditioning account of toler-
ance suggests an even more dramatic and
counterintuitive demonstration of the
contribution of learning to tolerance—
morphine tolerance should be retarded
by the administration of the drug itself in
the absence of environmental cues.
Consider the situation in which the
analgesic effect of morphine is tested, in
subjects experienced with the drug, in
the context of a distinctive CS. Subjects
who, before the test, receive morphine
paired with the CS (paired morphine
group, PM) should, on the basis of the
conditioning model, display tolerance——
that is, the effect of the drug should be
partially canceled by the drug-compen-
satory CR. In contrast, subjects with the
same exposure before the test to mor-
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phine and the cue, but in an explicitly
unpaired manner (explicitly unpaired
morphine group, EUM) should be re-
tarded in the subsequent acquisition of
tolerance when the distinctive cue is
paired with morphine. This prediction is
based on evidence from a. variety of
classical conditioning studies indicating
that an explicitly unpaired procedure im-
bues the CS with inhibitory properties
(6). Such inhibition is evidenced by re-
tarded learning when the explicitly un-
paired cue is subsequently paired with
the UCS. If Pavlovian conditioning con-
tributes to morphine tolerance, such tol-
erance should be subject to inhibitory
learning. The results of our experiment
demonstrate that an initial series of ex-
plicitly unpaired presentations of envi-
ronmental CS and morphine retard the
analgesic tolerance subsequently devel-
oped when the CS is arranged to signal
the drug.

Throughout the experiment, Wlstar-
derived rats (90 to 110 days old) were
each housed in a translucent cage locat-
ed in one drawer of a filing cabinet.
There was no illumination in the draw-
ers, and a ventilation fan at the rear of
each drawer provided 70 dB of back-
ground noise. Subjects were placed in
the drawers and left undisturbed for 5
days before the first experimental .ses-
sion. The purpose of housing the sub-
jects in this manner was to allow the
presentation of a conveniently manipu-
lated environmental CS, which consisted
of a 1-hour period during which the filing
cabinet drawers were opened, exposing
the rats to illumination provided by the
overhead room lights, and the ventilation
fans were turned off, reducing back-
ground noise.

During the initial phase of the experi-
ment, which consisted of 15 daily ses-
sions, five groups of rats differed in their
experience with the CS, morphine, or
both. Group PM (N = 12) received ex-
plicit pairings of the CS and morphine:
Morphine was injected 15 minutes after
the drawers were opened. The drawers
then remained open for 45 minutes, after
which time the cabinet was closed and
the fans turned on (7). Group EUM
(N = 12) received the same experience
with the CS and morphine, but the two
were explicitly unpaired: morphine was
injected 4 hours after each presentation
of the CS. These explicitly unpaired
morphine injections were given while a
dim red light provided the only illumina-
tion, and the ventilation fans remained
on (the drawer was opened, the animal
injected, and the drawer immediately
closed). A third group received daily
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