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SIGNS, S A AND M D SCHECHTER Nicotine-induced potentiation of ethanol discrimination PHARMACOL
BIOCHEM BEHAYV 24(3) 769-771, 1986 — Rats were trained in a 2-lever, food-motivated operant task to discnminate
mtrapentoneal administration of ethanol (600 mg/kg) from vehicle Dose-response curves for the ethanol cue were analyzed
before and after pre-treatment of rats with intrapentoneal doses of 0 4 mg/kg or 0 2 mg/kg nicotine Results demonstrate
that nicotine potentiates ethanol-appropnate responding in test sessions The results are discussed n light of the recognized

correlation between smoking and alcohol intake
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SEVERAL investigations have observed a correlation be-
tween ethanol intake and cigarette smoking Alcoholics have
been reported to smoke more cigarettes than non-alcoholics
[9] and ethanol consumption has been shown to increase
tobacco use 1n man [3] It has been suggested that nicotine
denived from cigarette smoke and ethanol may jointly influ-
ence poly-synaptic transmission In the central nervous sys-
tem [8]

Drug discnmination paradigms 1n animals are behavioral
assays that assess ‘‘subjectively’’ experienced effects of
drugs Typically, an amimal 1s trained to make a differential
response on the basis of a drug-induced interoceptive cue In
this paradigm, the drug becomes the discnminative stimulus
and the differential behavioral response depends on the per-
cetved drug state The purpose of the present experiment
was to train rats to discnminate the interoceptive cue
produced by ethanol and to establish a dose-responsive dis-
crimination to that drug In addition, the effect of co-
admumstration of nicotine would be tested upon this dose-
response discrimination to ascertain the possible effect of
nicotine upon the ethanol-induced drug state

METHOD

The subjects were 6 expenmentally-naive female
ARS/Sprague-Dawley rats (Zivic-Miller Laboratones, Alli-
son Park, PA) weighing 80+5% of therr expected free-
feeding weights Water was available ad lib. The exper-
mental space consisted of a 6 standard rodent operant test
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cages (Lafayette Instrument Corp , Lafayette, IN) equipped
with two operant levers and a food receptacle at an equal
distance between the two levers. Solid-state equipment
(LVB Corp , Lehigh Valley, PA) used to control and record
the sessions was located 1n an adjacent room

The procedure used to train rats to discriminate between
ethanol and vehicle has been descnibed 1n detail elsewhere
[13] In bnief, daily discnmination training started after intial
shaping to lever press on both levers on a food-reinforced
fixed-ratio of ten (FR 10) Ten min pnior to placement into
the test chamber, the rats were injected intrapentoneally (IP)
with either 600 mg/kg ethanol (10% v/v 1n distilled water) or
an equal volume (5 ml/kg) of distilled deiomzed water (vehi-
cle) Depending on whether the rat was administered ethanol
or water, 1t obtained reinforcement by pressing either the
ethanol lever (EL) or the vehicle lever (VL), respectively
After every tenth press (FR 10) on the appropnate lever, a 45
mg Noyes pellet was delivered through the food receptacle
Responses on the incorrect lever were recorded, but
produced no programmed consequence

To randomuze for possible position preference, lever as-
signments were ethanol left, vehicle nght for half of the rats
and ethanol right, vehicle left for the other half These as-
signments remained constant throughout the expenmenta-
tion The number of responses made on either lever before
10 responses were made on the correct lever was recorded
This number reflects the accuracy of the rats’ lever selec-
tion

Each rat was run once each weekday for a daily session of
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TABLE 1
DOSE-RESPONSE RELATIONSHIP OF DISCRIMINATION OF ETHANOL WITH AND WITHOUT PRETREATMENT WITH NICOTINF

0 4 mg/kg Nicotine 0 2 mg/kg Nicotine
+

T
Ethanol
Ethanol Dose Quantitative Quantitative
(mg/kg) Quantal Quantitative Quantal (+SD) Quantal (+SD)
900 100 0 944 (12) ND* ND ND ND
600 951 854 (66) 100 0 855 (77 912 802 (76)
450 66 7 74 1 (13 7) 917 796 (74) 833 736(74)
300 500 527277 917 793 (10t 750 67 9 (4 2)
150 167 268 (142) 750 617 (38t 250 3754 3)
75 16 7 265 (18) 333 313 (36) 250 452221
(vehicle) 00 107 16 3 (13 0) 16 7 209 (10 4) 16 7 374(04)
ED50 223 4 995 181 8
(95% conf lLimit) (139 7-357 3) (50 8-194 8) (107 2-308 5)
Parallelism NSH NSt
(calculated ¢) (0 253) 0 772)

*N D =not determined

+Significant difference (p<<0 05) from quantitative measurement with ethanol admimstered alone (Student :-test of means)
$N'S =not significant when compared to dose-response curve of ethanol alone, cntical 1 (2 365)>calculated ¢

15 min duration Ethanol (E) or vehicle (V) injections were
given according to a dailly two-week pseudo-random se-
quence E-V-V-E-E and V-E-E-V-V The traiming cnterion
was reached when the animals made no more than two incor-
rect responses prior to 10 correct responses during the
course of 8 of 10 consecutive training sessions

Once all rats attained the training cnterion, traiming ses-
sions of 15 min duration, with alternating administrations of
600 mg/kg ethanol and vehicle, were continued on Mondays,
Wednesdays and Fndays This procedure endeavored to
ensure and maintain behavioral discrimination to the trained
drug It was intended that if a rat was observed to make more
than two incorrect lever selections 1n 10 consecutive mainte-
nance sessions, the data on that rat’s performance would be
deleted from the results This, however, did not occur On
Tuesdays and Thursdays, the rats were injected with either
75, 150, 300, 450, or 900 mg/kg ethanol, and 10 minutes later
they were placed into the experimental chamber and were
allowed to lever press, without reinforcement, until 10 re-
sponses were made on either of the two levers When 10
responses were made on either lever, the ammal was im-
mediately removed from the expenmental chamber to pre-
clude traiming at an ethanol dose other than that to which the
animals were trained, 1 e , 600 mg/kg. The lever first pressed
10 times was designated as the ‘‘selected’” lever Each
ethanol dose was administered 1n a random order on 2 occa-
sions with each test session preceded by one vehicle and one
600 mg/kg ethanol maintenance session In this way, the
ammals’ experience on days preceding test days was coun-
terbalanced with respect to any possible after-effects that
may have been produced by the training conditions

Nicotine tartrate (ICN Laboratones, Cleveland, OH) was
prepared fresh in distilled deiomized water for interperntoneal
injection The dose of nicotine was calculated as free base
and prepared to yield a volume of 1 ml vehicle/kg body
weight Nicotine was admumistered at an intial dose (0 4
mg/kg, IP) previously shown capable of controlling discrimi-

nation in a similar operant task [11] In accordance with that
study, nicotine was administered 1S minutes prior to task
performance, 1 e , 5 minutes prior to the administration of
the vanous doses of ethanol Dose-response relationships for
ethanol after pre-treatment with nicotine were subsequently
nvestigated by halving the nicotine dose to 0 2 mg/kg

The percentage of rats ‘‘selecting’’ the lever appropnate
for the traiming drug was the quantal measurement for dis-
cnmimation Quantal data are presented as percent correct
first choice responses on the ethanol-correct lever The
quantal data were subjected to the Litchfield-Wilcoxon pro-
cedure [7] that employs probit vs log-dose measurements
This computer generated analysis [16] yielded an ED50 for
each drug or drug combination and tests for parallehsm and
potency differences between drugs In addition to the quan-
tal measurement, the total number of lever presses on both
levers, made before 10 lever presses on either lever, consti-
tuted the quantitative measurement This measurement i1s
denved by dividing the number of responses on the ethanol-
appropnate lever by the total responses made on both levers
prior to fulfillment of the “*selection” cnterion The quan-
titative data has the advantage of allowing the determination
of statistically significant differences between drug treat-
ments by application of /-test analysis [15]

RESULTS

The six rats required a mean (=SD) of 13 7 (£9 2) ses-
sions to reach the first of ten consecutive sessions to attain
criterion performance [10] with a range of 3 to 25 sessions
Thus, by 35 sessions with 600 mg/kg ethanol and vehicle
administrations, 1n a random order, all rats attained the train-
ing criterion Maintenance trials with the training dose (600
mg/kg) of ethanol, interspersed between test tnals, resulted
n 95 1% of all first choices upon the ethanol-correct lever
(Table 1), whereas vehicle resulted in 10 7% of ‘‘selected™”
lever responses upon this lever (or 89 3% upon the vehicle-
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correct lever) Admimstration of 900 mg/kg ethanol on two
tnals resulted 1n errorless discrnmination and decreasing
doses of ethanol produced decreased disciminative per-
formance both in terms of quantal and quantitative meas-
urements The EDS50 (and 95% confidence limits) of ethanol
was calculated [7] to be 223 4 (139 7-357 3) mg/kg

Pre-treatment with 0 4 mg/kg nicotine prior to doses of
ethanol from 75-600 mg/kg and vehicle produced increased
discnmination at every dose of ethanol The quantitative
measurement after 0 4 mg/kg nicotine and 300 mg/kg ethanol
was significantly higher (r=3 36, p<0 05) than after 300
mg/kg ethanol adminmstered alone Likewise, 0 4 mgkg
nicotine pre-treatment prior to 150 mg/kg ethanol produced
significantly greater discnmination (z=3 80, p<0 05) than
150 mg/kg ethanol admimstered alone The ED50 of the 0 4
mg/kg nicotine pre-treated ethanol dose-response relation-
ship was calculated to be 99 5 (50 8-194 8) mg/kg and this
dose-response line was parallel, within 95% confidence limits
[7], to that of the ethanol dose-response line Similarly, pre-
treatment with 0 2 mg/kg nicotine prior to all (75-600 mg/kg)
ethanol doses produced a linear dose-response curve with an
ED50=181 8 (107 2-308 5) mg/kg which was parallel to the
ethanol dose-response line (Table 1)

DISCUSSION

The results of the present study demonstrate that nicotine
potentiates the interoceptive cue produced by vanous doses
of ethanol The parallel nature of the dose-response curves
suggests that the potentiation of ethanol by nicotine 1s
produced by a similar mechanism and/or site of action that
elicits the interoceptive cue produced by ethanol [6] How-
ever, the exact mechanism responsible for the potentiation
of the ethanol cue by nicotine 1s unclear
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Changes 1n ethanol perception, in human subjects, due to
nicotine have been described and have been found not to be
due to any significant change 1n blood alcohol concentration,
suggesting that the observed ethanol-tobacco interaction oc-
curs at the level of the CNS [5] In ammal studies, the
chronic admimistration of nicotine (5 mg/kg/day, subcutane-
ously) for three weeks was reported to potentiate the dura-
tion of ethanol hypnosis in mice [2] This effect was shown to
be independent of any influences on blood-brain barrier or
liver mucrosomal enzyme activity since nicotine did not
potentiate barbital hypnosis

The potentiation of an ethanol-induced discriminative cue
by a co-admmmstered drug 1s not a new phenomenon
Schechter [14] demonstrated that a post-synaptic activating
dose of the dopamine agonist apomorphine potentiated the
ethanol cue 1n rats Curve parallelism indicated that apomor-
phine accomphished this effect via a mechamism similar to
that responsible for the ethanol cue itself, suggesting a role
for dopaminergic pathways in this effect Indeed, nicotine
has been shown to directly affect dopaminergic neurons [12]
and ethanol has been shown to have distinct effects upon
dopaminergic neurons [4]

The high degree of correlation between alcoholic bever-
age consumption and tobacco smoking suggests a common-
ality of pleasure seeking behavior This study has demon-
strated that the primary active ingredient in cigarette smoke,
nicotine, acts to potentiate the centrally-mediated inter-
oceptive ethanol cue The mechanmism of this effect may be
located at a number of sites influenced by nicotine including
central dopaminergic, adrenergic, cholinergic, or serotoner-
gic and/or peptidergic systems [1] Further research efforts
along these avenues are necessary for the mechanistic eluci-
dation of the nicotine-ethanol interaction
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