 Inhibition by Drugs of Smoking
Behaviour in Monkeys

. Tumeg have boen several analyses of the vale of nicoting in
- Emeking,  Johnston® found that hoavy smokers roported
: “Pl'ﬁ.m!‘ﬂl-ﬂo semsation when given niectine, whereas non-
mkﬂ'ﬂ reported an unpleasant offcet,  Luechesi of al,?

trwerd that  intravenous administration of nieotine

Uieninished the munber of cigareites smoked by heavy

witk o h-_rnrwk ef al.* reoently obtained a similar resnli
co ROt taken orally. TF, as these studics suggest,

Witine ik an ineentive in am oking, then drugs which block
Betion(s) af nicotine ghould influsmes simoking.
= ool the velative case of eontrolling environ-

Bﬁhatd tontingencics, an animal paradigm of smoking
~ soiour has been developed in this laboratory =%, Tn an
: bmle'"l’!'* o modify smoking hehavionr, varions drogs have
! : .E“';";t Law f'miir mature rhesus monkeys traimed o

o g lio,

u wviour was initially instilled by making the
; W'E'BYB suck on a tube in order to drink. The monthpioes
: uh-“@l‘&t.t« . ; .

fhe smoking apparatns® was then substituted for

B iy lmhl'hn- The smoking apparatus allowed a monlaoy

i L lit oigarcttes by antomatically lighting each
gy PR the eigarctics over time and seneing

B N pra - \

Wity Prossure as the monkey puffed. When {he
iy, ¥s had lesrned. fo pudl, they woro so trained that
gl t‘ﬂl Pufl but were allowed to chooss botween

CTNA aiet, This proeedure wes developed o reduce
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Fig. 1. Changes in smoke preference on mon-dreg daye Induced by

mecamnyLlamine,
the large vaviability from subjeet to subjoct inherent in
Tree puatfing.

A smoking apparatus waz attached to a ‘Plexiglas'
panal eovering a 14 inch square opening in the door of
viach monkey's home cage.  Two tubes, one delivering
cigarette smoke and a *“dommy™ tube with aceess only to
adr, were also mountod on the parel. A water solenoid was
mounted between the smoke and air tubes. A puff on
eithor the smeke or air tubes presot the solenoid and would
release i small amount of water when tho monkey touched
tho solenoid spout. A light mounted above the solenoid
signalled the avadability of water, A fixed ratio (FR)
econtingeney was added, =0 that a monkey could ho
vecuired to pull a specifie nmamber of times to obtain water,

The mgnkeys receivod all their water during a daily 4
puffing session.  Thirty cigarettes were loaded into the
smoking apparatus each morning and the test was started
at 1030 he A new eigarotte was automatically lit every 7-5
imin. The positions of the smoke and air tubes were inter-
changed cach moming so that side preferences would not
develop. Initially, water could be won with a single puff
on either the smoke or sir tube, The number of puffs for
a reward of waler was then inereaszed to five, ton, twenty
and finally to thirty, The TR 30 schedule was then main -
tained.  Puffs were recorded on Sodeco counters and on an
Esferline Angus rocorder.

All four monkoys preferred smoke to air; that is, al-
though thoy could get water by puffing on either the smoke
or the air tubes, they reliably made more puffs on the smoke
tube Lhan on the air tube, When puffing rates on the FR 30
schedule stabilized, drug administration began.

The fivst drog was mecsnylamine which is known? to
block both the peripheral and contral effects of niectine.
Mecamylamine, in doses ranging from 04 to 32 mg/kg.
wag given intramusenlarly 15 min before the beginning
of & puffing seasion,  Hach dose was repeated two to five
times, with at least 3 days botweon suecessive injections.

The results oldained from mecamylamine administra-
twn aro shown in Table 1. The data on days immediately
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preceding injections wero usod as control data in paired ¢
teats.  For each monkey, a dose of mecomylamine was
found whieh reversed the smoke air prefercnee while
producing a small deerease in the overall puffing rate.

We had not oxpected that mecamylamine would rmake
smoke less desirable than air, T mecamylamine blocks the
meentive effect of nieotine, then one might reason that
amoke and air should be equally rewarding or that
emoking should ineréase in order to get more nicotine and
overcome the block., The reversal suggests that nicotine
18 the rewarding component in eigarette smoke and that
smoke without nieotine is aversive. Mecamylamine, by
blocking nicotine, may leave only the aversiveness of
snoke itscll,

It ook approximately a month with two njeetions o
wek to complete the conrse of inceamylamine administra-
tion summarized in Table 1. During this time a gradoal
and eonsistont change in the smoke-air proferences under
non-drug conditions was notod. The smoloo preferonces of
the monkeys deercased and, alier the last injeetion of
mocamylaming, two of the monkeys still preferred air to
smoke. Fig. 1 shows this progression for each of the
monkeys, two of which recovercd their preference for
smoke, The other two monkeys, whose initial preferences
were lower than those of the first two, did not recover within
a 1 month period of observati This long term after-
effoct of mecamylamine admimistration could be aseribed
to negative conditioning; that is, repeated cxperience
with smoke as an aversive stimuolus precluded the rewarding
effeet of nieotine.

Table 1. CHANGES IX SMOKE PREFERENCE INDUCED BY MECAMYLAMINE 1%
MONKEEYE
ok Toamidi Thob Freida
- Ter- T Per-
Trosi "I'nln_l centage  Total eentage  Total cent: Todal ecentage
(mog/kg)  pufls smoke  puffs smoke  pulfs  smoke paifs  snoke
poref, pret. prel. pref.
Comtrol 4,441 646 4,274 825 4515 TGV LEIL WE
L3} BA5E BE 484 67T
12 38565  ad-d® 3437 35-T*
144 ETHE T3 3,057 7% 3=+ 20+ 2Onk 71T
2-4 HA L 1,907 601
a2 H67* B0 1,766% 355

= Significantly less than controd at I < 0405,

Table 2 DRCG-INDUCED CHANGES IN =SMOKE FPEEVEEENCE I¥ NOXERTS
Hameli Fhuebe
Perceniags LK
Nhipesi Tiskal myﬂg
Drug (mgfkgh el 7
Camtrol 4,618
Tentodmarbital 10 4406
20 3.514" GE-2
A 2,008 TG
THexamethoniumm i 4,481 Al BANG
2 4402 THR HIL
4 4,241 274
= 054 Lare
iz
Serymiimine -DEn 2048 Lt
WG TAL® BEE
ol
02
v-Amphetamine 02 LA 713
0 e 2qas
Meeamylamine 16 a,844 4=

= Zignilicanily less than control af P <0,

When the smoking preforenees of the bwo HW*!""-‘j
monkeys stabilized, the drug exporiment wos mlﬂif}""d
with them, Daoses of pentobarbital, Besamcethonin.
seopolamine and n-amphetamine were given, i that nrﬂl‘l‘-l
One final dose of meeamylaming was alse govet The
results obtained from this series of injoctions ae show
Table 2, TPentobarbital, o barbifurate anaesthetics ':":
creased the overall puffing rate but did nob elange H
smoke air proferences.  Hexamethonium. & IIN'U‘"“]"I
blocker in the periphery which deos not readily cnter T_:
brain®, reversed the smoke -air proforence with large _'1‘”]:"
while decreasing the overall pulling rfc. Seopalwmine.
cholinergie  blocking  agent, aml  D-gmplaelaniit et
adrenergie agonist, also reversod thesmoke air '|‘l'l'|““’“l1| I
and overall puffing rates wore groatly decreased. Moot

5 L - " 1th i
AN, aga, reversed the smoke wr |:-n~l---1 puees Wi
small deereaso in overall puffing rafes, il

The pentobarbital resulia indiestce Uhad o I'“I'f
e

reversal is not just an artofact causcd by doer s
puffing. The hexamethonivm results sugpest fhid & I;,u;
phoral action of nicotine way bo pari of ibe I a0l
meentive.  Alternativelv, in view of the el 1(‘1'“-.
poteney of hexamothoninm as compared willy st

:
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: 1. : paps & suall amount of  hexamethoninm
it ghr&il‘- ' : .
’uﬁd * igon of the patterns of pufling with the varions
= % that the scopolamine and n-amphetamine
~ grags &Y . boem an artelact of deceeased owverall
ﬁ:’ ey hgv:h.,“ﬁ sample pattorns of smoke and air
rﬁng ml_:far each of Lhe drugs. Puffs aro distribated
ﬂﬂ Jv in non-lrog comditions and with meeamyl-
= {uird ”W:;;“ei.hunmm and pentobarbital.  ITn contrast,
- gminfs hw-i,lh mnpahmﬁtlﬂ and  p-amphetamine was
Pqﬂ's ; KUP‘PWW"'I' for at least the first hour of the test
o p! Puffing on the air tube with these two drugs may
sl ~a rebound after-effect caused by inercased thirst
.-wh':; dengs had been physiologically climinated.
R thiz interpretation, we ran a deprivation test.
LR pu.fﬁl"g l)cl'i"d without drugs was started 2 h
A ﬂgm usnal. Both monkeys had reversed smoke-air
: at the ],eginn.i.ng of the teat sessions, Increasod
‘E.:- :mymgmke: smoke more aversive.
“Phe rosults of this cxperiment must be qualified beeause
Jf their questionable corresponidence to hnman smoking.
e foreed and restricted nature of the monkeys” puffing
] Iy bears little restnblance to the free and inter-
S0t smoking by humans.  The ultimate importanee of
- jge present results will depend on their therapeatie
ﬂﬂ' canee. I, as these data suggest, nicotinie-blocking
s will inhibit smoking by humans, then the animal
iem will have been s most nseful one.
i work wns sapported by granis from the TS
National Institute of Mental Health and the American
- {neer Society. and a postdoctoral fellowship from the
- 18 National Institutes of Health.
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