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(1) 123–127, 1998.—In the present study, we ex-
amined the development of environment-independent and environment-dependent tolerance to ethanol-induced analgesia
(EIA) and cross-tolerance with morphine-induced analgesia (MIA). To examine the development of environment-indepen-
dent tolerance, male Long–Evans rats were given increasing amounts of ethanol (5 days each of 5% (v/v), 10% (v/v), and
15% (v/v)) added to their drinking water over a 15-day period. A control group was given plain tap water to drink. On day 16,
all rats were given plain tap water to drink. On day 17, the animals were tested for EIA (2.5 g/kg, IP) or MIA (10 mg/kg, IP) in the
hot plate test. To examine the development of environment-dependent tolerance, animals were injected with ethanol (2.5 g/kg,
IP) or an equal volume of saline once a day for 2 days. On day 3, the animals received no treatment. On day 4, the animals were
tested for either EIA (2.5 g/kg, IP) or MIA (10 mg/kg, IP) in the hot plate test. It was found that rats pretreated with ethanol (both
self-administration and IP injections) displayed tolerance to EIA, which was not accompanied by cross-tolerance to MIA.
© 1998 Elsevier Science Inc.
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analgesia (EIA) has been reported
in both humans (4,27,28) and animals (1–3,7–10,16,20,21,29).
In an early study, ethanol was found to attenuate naloxone-
induced hyperalgesia (1), suggesting a possible interaction be-
tween EIA and the endogenous opioid systems. In rodents,
there are reports that naloxone either attenuated EIA (2,20,21),
or did not attenuate EIA (9). In addition, EIA was related to
brain opiate receptor levels in inbred strains of mice (29), and in
rats bred for their ethanol sensitivities, it was found that MIA
was directly related to ethanol sensitivity (18).

Ethanol–opiate interactions have also been addressed by
examining cross-tolerance between EIA and MIA. Using
forced gastric administration of ethanol, Fidecka et al. (5)
found that tolerance to EIA was accompanied by cross-toler-
ance to MIA in mice but not in rats. Jorgensen et al. (8) and
Jorgensen and Hole (10) found that neither tolerance to EIA
nor cross-tolerance to MIA developed in rats injected with 2.5
g/kg ethanol for 8 days. However, tolerance to EIA accompa-
nied by cross-tolerance to MIA was found if the animals were
exposed to the analgesic test (i.e., tail flick) during tolerance

induction. These results suggest that practice during ethanol
administration is necessary for the development of cross-tol-
erance between EIA and MIA (8). It should also be noted,
however, that Jorgensen et al. (8) injected rats in the home
cages during tolerance induction and then tested for analgesia
in a separate environment. Studies have shown that tolerance
to ethanol’s effects can be reduced or eliminated if animals
are tested in an environment that is different from that which
was used to induce tolerance (10,13,24). Therefore, the failure
to show tolerance in the absence of testing by Jorgensen et al.
(8) may be related to the differences in environmental cues
during tolerance induction and subsequent testing.

The development of tolerance to ethanol’s effects has been
shown to involve both associative and nonassociative mecha-
nisms (14,25). “Associative” or “environment-dependent” tol-
erance can be shown by administering ethanol by the same
route and environment used to test tolerance (25). Such envi-
ronment-dependent tolerance is suggested to occur because
of the presence of environmental cues (i.e., handling, injection
procedure, room), which signal the subsequent administration
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of the drug. These cues are believed to induce a compensatory
response to the drug, thus reducing its effectiveness (22,23).
“Environment-independent” or “nonassociative” tolerance
can be shown under conditions in which ethanol is adminis-
tered by vapor inhalation or voluntary liquid consumption and
the animals are then tested for tolerance by IP injections. Be-
cause the cues present during tolerance induction and testing
are different, and no association is made between environmen-
tal cues and the drug effects during tolerance induction, such
tolerance is believed to occur independent of learning (25).

In the present study, we examined the development of
both environment-independent and environment-dependent
tolerance to EIA and cross-tolerance to MIA. To examine en-
vironment-independent tolerance to EIA, we added ethanol to
the rats’ drinking water, and then tested tolerance and cross-
tolerance using IP injections of ethanol and morphine. This
paradigm should minimize the role of environmental cues in
the development of tolerance. Environment-dependent toler-
ance was assessed by injecting rats with ethanol via the same
route (IP) and environment used to test tolerance.

 

METHOD

 

Subjects

 

Male Long–Evans hooded rats (Harlan Laboratories, IN)
weighing 300–400 g served as subjects. The rats were housed
individually and maintained on a 12 L:12 D cycle (light onset
at 0700 h). Rats were given free access to food and water, ex-
cept as described below.

 

Environment-Independent Tolerance

 

Rats were assigned to one of two treatment groups. To ex-
amine the development of environment-independent toler-
ance, one group of rats drank an ethanol solution (tap water
mixed with 95% ethanol) for 15 consecutive days. The etha-
nol solution was given in increasing concentrations: 5 days of
5% (v/v), 5 days of 10% (v/v), and 5 days of 15% (v/v). A con-
trol group drank ordinary tap water for 15 days. All tolerance
induction procedures were carried out in their home cages, in
the vivarium.

On day 16, all animals were given ordinary tap water to
drink. At the beginning of day 16, four of the animals were sacri-
ficed by decapitation, and trunk blood was collected for a blood
alcohol analysis. The analysis revealed no traces of alcohol.

On day 17, the animals were taken from the vivarium to
the test room and injected IP with either alcohol (2.5 g/kg) or
morphine (10 mg/kg, Mallinckrodt, USA). Ethanol (95%) was
mixed with isotonic saline for a concentration of 30% (v/v) and
administered in a volume of 0.83 ml/100 g of body weight.
Morphine sulfate was dissolved in isotonic saline and deliv-
ered in a volume of 0.1 ml/100 g of body weight. Analgesia
was assessed using the hot-plate test. The latency to a hind-
paw lick after placement on a hot-plate maintained at 52

 

8

 

C
was measured before (baseline) and 30 min after ethanol or
morphine injections. A cutoff period of 60 s was imposed to
prevent tissue damage.

 

Environment-Dependent Tolerance

 

Rats were assigned to one of two treatment groups. To ex-
amine the development of environment-dependent tolerance,
one group of rats was injected with ethanol (2.5 g/kg, IP) for 2
consecutive days. A control group of rats was injected with an
equal volume of saline. All injections were carried out in their
home cages in the analgesia testing area. The animals received

no treatment on day 3. On day 4, rats were tested for EIA and
MIA as described above.

 

Statistical Analysis

 

Data were submitted to a 2 

 

3

 

 2 mixed ANOVA (the
within-subject factor was baseline latency vs. postdrug la-
tency; the between-subject factor was ethanol pretreatment
vs. control, 

 

a

 

 

 

5

 

 0.05 for all tests). Data were analyzed using
SPSS version 6.0 for Windows.

 

RESULTS

 

Environment-Independent Tolerance

Ethanol-induced analgesia. 

 

ANOVA revealed a significant
test period 

 

3

 

 pretreatment interaction, 

 

F

 

(1, 26) 

 

5

 

 15.28, 

 

p

 

 

 

,

 

0.001, with an effect size of partial 

 

e

 

2

 

 

 

5

 

 0.370 and a power of
0.964. Analysis of simple main effects of baseline latency vs.
postdrug latency revealed that ethanol produced significant
analgesia in both groups [water pretreatment: baseline vs.
postdrug, 

 

F

 

(1, 12) 

 

5

 

 5837.13, 

 

p

 

 

 

,

 

 0.001, ethanol pretreatment:
baseline vs. postdrug, 

 

F

 

(1, 14) 

 

5

 

 10.08, 

 

p

 

 

 

,

 

 0.01, Fig. 1].

 

 

 

Ex-
amination of posttest scores, however, revealed that the anal-
gesia was significantly less in animals pretreated with ethanol
[postdrug latency: ethanol pretreatment vs. water pretreat-
ment, 

 

F

 

(1, 26) 

 

5

 

 12.92, 

 

p

 

 

 

,

 

 0.01, Fig. 1], indicating that the
rats developed tolerance to EIA. Differences were also found
in body weight for animals pretreated with ethanol vs. water,

 

F

 

(1, 26) 

 

5

 

 13.62, 

 

p

 

 

 

,

 

 0.01. However, it is unlikely that these
differences affected pain responses, as no significant differ-
ences were found in baseline pain scores.

FIG. 1. Analgesic effect of ethanol (2.5 mg/kg, IP) in the hot-plate
test after 15 days of drinking an ethanol solution (n 5 15) or water
(n 5 13). Data are expressed as the mean latency to hind-paw lick (s)
(6SEM) in the hot-plate test before (baseline) and after ethanol.
*Indicates significant difference from baseline latency. ** Indicates
significant difference from baseline latency and between postethanol
latencies. See text for significance levels.
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Morphine-induced analgesia. 

 

ANOVA revealed a signifi-
cant main effect for baseline vs. postdrug latency, 

 

F

 

(1, 27) 

 

5

 

51.04, 

 

p

 

 

 

,

 

 0.001, with an effect size of partial 

 

e

 

2

 

 

 

5

 

 0.654 and a
power of 0.999, but no significant interaction, indicating that
morphine produced significant analgesia in both groups, and
that tolerance to EIA was not accompanied by cross-toler-
ance to MIA (Fig. 2). No significant differences were found in
body weight or baseline pain responses for animals pretreated
with ethanol vs. water.

 

Environment-Dependent Tolerance

Ethanol-induced analgesia. 

 

ANOVA revealed a significant
test period 

 

3

 

 pretreatment interaction, 

 

F

 

(1, 23) 

 

5

 

 6.57, 

 

p

 

 

 

,

 

0.02, with an effect size of partial 

 

e

 

2

 

 

 

5

 

 0.222 and a power of
0.687. Analysis of simple main effects of baseline latency vs.
postdrug latency revealed that ethanol produced significant an-
algesia in both groups [saline pretreatment: baseline vs. post-
drug, 

 

F

 

(1, 12) 

 

5

 

 60.69, 

 

p

 

 

 

,

 

 0.001, ethanol pretreatment: base-
line vs. postdrug, 

 

F

 

(1, 11) 

 

5

 

 8.97, 

 

p

 

 

 

,

 

 0.05, Fig. 3]. Examination
of postdrug scores revealed that the analgesia was significantly
less in animals pretreated with ethanol, 

 

F

 

(1, 23) 

 

5

 

 7.17, 

 

p

 

 

 

,

 

 0.05,
Fig. 3, indicating that the rats developed tolerance to EIA. No
significant differences were found in body weight or baseline
pain responses for animals pretreated with ethanol or saline.

 

Morphine-induced analgesia. 

 

ANOVA revealed a signifi-
cant test period 

 

3

 

 pretreatment interaction, 

 

F

 

(1, 26) 

 

5

 

 4.29, 

 

p

 

 

 

,

 

0.05, with an effect size of partial 

 

e

 

2

 

 

 

5

 

 0.141 and a power of
0.512. Analysis of simple main effects for baseline latency vs.
postdrug latency revealed that morphine produced significant
analgesia in ethanol pretreated animals, 

 

F

 

(1, 14) 

 

5

 

 12.23, 

 

p

 

 

 

,

 

0.005, but not in saline pretreated animals (see Fig. 4). The
differences between postdrug latencies approached signifi-
cance (

 

p

 

 

 

5

 

 0.065). No significant differences were found in
body weight or baseline pain responses for animals pretreated
with ethanol or saline.

 

DISCUSSION

 

The results of the present study show that tolerance to eth-
anol’s analgesic effects can be induced in rats using both non-
associative and associative paradigms. Furthermore, the results
of this study do not support an ethanol–opiate interaction for
EIA (2,20,21), as neither form of ethanol tolerance was ac-
companied by cross-tolerance to MIA, and thus was nonopi-
oid in nature. These findings are consistent with the findings
of Fidecka et al. (5) that tolerance to EIA following intragas-
tric administration of 40% ethanol in rats was not accompa-
nied by cross-tolerance to MIA. Interestingly, unlike rats,
chronically alcoholized mice are cross-tolerant to MIA (5),
and naloxone has been shown to antagonize EIA in mice (2),
but not in rats (9). Furthermore, studies have shown that rats
pretreated with morphine are cross-tolerant to the subsequent
analgesic effects of ethanol (16), suggesting that the existence
of an ethanol–opiate interaction for EIA may also depend on
the direction of treatment [that is, whether animals are pre-
treated with morphine and then tested for EIA, or whether
animals are pretreated with ethanol and then tested for MIA;
see (12)]. Asymmetrical or one-way cross-tolerance has also
been reported to occur between ethanol and pentobarbital (12).
However, such asymmetrical cross-tolerance between ethanol
and opiates appears to be specific for their analgesic effects,
as symmetrical cross-tolerance occurs for their hypothermic

FIG. 2. Analgesic effect of morphine (10 mg/kg, IP) in the hot-plate
test after fifteen days of drinking an ethanol solution (n 5 14) or
water (n 5 15). Data are expressed as the mean latency to hind-paw
lick (s) (6SEM) in the hot-plate test before (baseline) and after
morphine. *Indicates significant difference from baseline latency. See
text for significance levels.

FIG. 3. Analgesic effect of ethanol (2.5 mg/kg, IP) in the hot-plate
test after two daily injections of ethanol (n 5 12) or saline (n 5 13).
Data are expressed as the mean latency to hind-paw lick (s) (6 SEM)
in the hot-plate test before (baseline) and after ethanol. **Indicates
significant difference from baseline latency. *Indicates significant
difference from baseline latency and between postethanol latencies.
See text for significance levels.
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effects (11) and in their ability to inhibit guinea pig ileum
muscle contractions (17). Therefore, the existence of an etha-
nol–opiate interaction may depend on a number of factors in-
cluding species-related differences (2,5,9), the occurrence of
asymmetrical crosstolerance, and the test used to measure
opiate–ethanol interactions (12).

Jorgensen et al. (8) found that tolerance to EIA did not de-
velop in rats injected IP with 2.5 g/kg ethanol for 8 days to a
test dose of 2.5 g/kg IP. To produce tolerance to 2.5 g/kg daily
injections of ethanol, they found that exposing the animals to
the analgesic test (tail flick) was necessary during tolerance
induction. This was taken to suggest that practice during tol-
erance induction was necessary for tolerance to EIA to de-
velop (8). In the present study, however, we found that toler-
ance to EIA to a test-dose of 2.5 g/kg ethanol developed
following only 2 days of 2.5 g/kg of ethanol administered IP in
the absence of practice with the analgesic test. The reasons for
these discrepancies may be related to various methodological
differences between our studies, including the strain used
(Sprague–Dawley vs. Long–Evans hooded) and/or the analge-
sic test employed to measure tolerance. In addition, our rats

were injected with ethanol in the testing area during tolerance
induction, whereas Jorgensen et al. (8) and Jorgensen and
Hole (10) injected their animals in their home cages. There-
fore, the differences may be related to the additional environ-
mental cues provided to our rats during analgesic testing. In-
deed, studies have shown that conditioned tolerance to
ethanol’s effects can be reduced or eliminated if animals are
tested in an environment that is different from that which was
used to induced tolerance (10,13,24).

The findings that animals injected with ethanol for 2 days
were not cross-tolerant with MIA suggests that the analgesia
produced by this volume of solution and concentration (30%)
of ethanol is nonopioid in nature. It is known that environ-
mental stressors can produce potent analgesia, which is classi-
fied as either “opioid” or “nonopioid,” as defined by nalox-
one-reversibility and cross-tolerance with morphine (15,26).
The differential activation of opioid and nonopioid forms of
stress-induced analgesia (SIA) has been shown to depend
upon the parameters of the stressor employed (15,26). There-
fore, as with SIA, the involvements of opioid or nonopioid
mechanisms in EIA are also likely to be influenced by the eth-
anol concentration and/or volume of solution. This raises the
possibility that previous studies that reported EIA following
ethanol may in fact have been measuring a type of SIA. In-
deed, similar to stress, ethanol is known to produce gastric ul-
cers (19) and activate the hypothalamic–pituitary–adrenal
axis (6). Consistent with this hypothesis, we have recently
found that ethanol-induced analgesia produced by IP injec-
tions is accompanied by cross-tolerance with nonopioid forms
of SIA, but not with opioid forms of SIA (unpublished obser-
vations). This conclusion is further supported by the finding
of Mogil et al. (20) that mice bred for high SIA displayed
higher EIA compared with mice bred for low SIA, suggesting
that EIA (produced by IP injections) may be related to SIA.
It is interesting that in the present study pretreatment with IP
saline alone for 2 days resulted in a lack of MIA on day 4 (see
Fig. 4). It is possible that IP injections of saline at the rela-
tively high volume used (around 3 ml) were sufficiently stress-
ful to produce SIA, which was accompanied by cross-toler-
ance with MIA and thus opioid in nature. In fact, Jorgensen et
al. (8) found that their saline-injected controls (injected with a
volume of 21 ml/kg, IP) showed significantly lower tail-flick
latencies following 8 days of injections, compared with day 1,
suggesting that tolerance may have developed to the analgesia
produced by these injections. The above results suggest,
therefore, that the IP injections of saline or ethanol may dif-
ferentially activate opioid or nonopioid systems.

In conclusion, the present study shows that tolerance to EIA
can be produced using both environment-independent and en-
vironment-dependent paradigms. Furthermore, neither form of
tolerance to EIA was accompanied by cross-tolerance to MIA,
suggesting that EIA is mediated by nonopiate mechanisms.
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