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MELTZER, L T AND J A ROSECRANS Ntcotme and arecohne as discriminative snmuh Involvement oJ a non- 
chohnergtc rnechantsrnfor nicotine PHARMACOL BIOCHEM BEHAV 29(3)587-593, 1988 --The chohnerglc mnerva- 
t~on of central muscanmc (M-Ch) and n~cotimc (N-Ch) receptors was evaluated by studying the interaction of physostlg- 
mine w~th the d~scrlmmatlve stimulus (DS) effects of arecohne and mcotme Rats were trained to dlscnminate e~ther 
arecohne (1 74 mg/kg) or mCOtlne (1 14 mg/kg) from saline usmg a two-lever, milk reinforced, operant task PhysostigmIne (0 125 
mg/kg) pretreatment potentmted, and when administered alone (0 25 mg/kg), generalized with the DS reduced by arecohne 
In contrast, physostlgmlne, at the same dose, neither potentiated nor generahzed with the DS effects of mcotlne These 
findings provide ewdence that central muscanmc receptors are chohnerglcally innervated (physiologic) while central 
mcotm~c receptors are not chohnerglcally mnervated but are chohnoceptlve (pharmacological) 

Nicotine Arecohne D~scnmmatlve stimulus Muscartmc N~cotlmc 

S EVERAL studies have characterized the central sites and 
mechanisms of action by which nicotine elicits dlscnmlna- 
tlve stimulus (DS) control of behavior [10,12]. In addmon, 
the DS properties of arecohne, a central muscanmc receptor 
agomst, have been evaluated prowdlng data concerning the 
psychopharmacology of  both muscarlmc and mcotm~c 
chollnerglc systems [6]. These studies have demonstrated 
that the mcotme-mduced DS is extremely specific and 
mediated by an agomst action at a d~stmct populaUon of 
central mcotmlc-chohnerglc receptors. In addmon, the 
nicotine DS did not generalize to arecohne m nicotine- 
trained rats, nor did arecohne generalize to mcotme in 
arecohne-tramed rats. Furthermore, mecamylamme (a cen- 
tral nicotinic receptor antagomst), but not atropine (a central 
muscarlmc chohnergic receptor antagonist) will antagomze 
the DS elicited by nicotine m a dose-related manner [5,17] 
Conversely, atropine but not mecamylamme will antagonize 
the arecohne-lnduced DS [11] Finally, prehmlnary data 
indicate that chohnerglc receptors mediating the DS effects 
of  arecohne or mcotme may be located in different brain 
regions [7] 

A major assumption in this research has been that regard- 
less of the receptor acted upon, each chohnergic agomst 

(nicotine and arecohne) is acting at chohnergic receptors 
sensitive to acetylchohne (ACh) [4, 8, 15] However ,  more 
recent studies by Abood et al [1] and Sershen et al [14] 
suggest that central nicotinic receptors are nonchohnerglc 
and ACh may not be the endogenous hgand at nicotine sen- 
SltlVe binding sites As pointed out by Karczmar [2,3], the 
chohnoceptlve response of  a neuron to nicotine's agonlst 
effect cannot be accepted as proof that it has a chohnerglc 
lnnervatton unless further pharmacological and physiological 
data are available. Moreover, a neuron that is not chohnergl- 
cally innervated but is chohnoceptlve, may be affected by 
the exogenous administration of  chohnerglc drugs. 

If the receptors which mediate the DS effects of  arecohne 
and nicotine are innervated by neurons that release ACh, 
then the DS effects of arecohne and nicotine would be 
mimicked and/or potentiated by increasing central ACh 
levels via chohnesterase inhibition [l l] This question was 
examined by studying the interaction of the chohnesterase 
inhibitor physostlgmlne with the DS effects of arecohne and 
nicotine In addlUon, these interactions were also carried out 
m rats in which either central muscanmc or nicotinic recep- 
tors were the only sites avadable for stimulation by the 
physostlgmlne-mduced elevauon of  brain ACh (Table 1) For 

IThls work was supported by U S Pubhc Health Service grants DA-07027 and DA-04002-01A1 
2present address Parke-Davls Pharmaceutical Research Division, Warner-Lambert Company, 2800 Plymouth Road, Ann Arbor, M148105 
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TABLE 1 

AN EXPERIMENTAL APPROACH TO THE SELECTIVE 
STIMULATION OF NICOTINIC OR MUSCARINIC RECEPTORS BY 

ACETYLCHOLINE (ACh) VIA ACETYLCHOLINESTERASE 
INHIBITION BY PHYSOSTIGMINE 

In Vtvo Isolation of 
Nlcotlmc Receptors 

(N-Ch) 

In Vivo Isolation of 
Muscanmc Receptors 

(M-Ch) 

A NICOTINE trained rats A ARECOLINE-tramed rats 
pretreated w~th pretreated w~th 

ATROPINE--Blocks MECAMYLAMINE--Blocks 
both peripheral/central both peripheral/central 

M-Ch receptors N-Ch receptors 

and and 

HEXAMETHONIUM-- METHYL ATROPINE-- 
Blocks peripheral Blocks peripheral 

N-Ch receptors M-Ch receptors 

B PHYSOSTIGMINE-- B PHYSOSTIGMINE-- 
Injected after A to Injected after A to 
increase ACh levels mcrease ACh levels 
at available at avadable 
central N-Ch central M-Ch 

receptors receptors 

this purpose, central muscarimc receptors were phar- 
macologically confined by pretreatment with both methylat- 
roplne (peripheral muscarlnlC receptor antagomst) plus 
mecamylamme, central nlcotlmc receptors were phar- 
macologically confined by pretreatment with both atropine 
plus hexamethomum (peripheral mcotlnic receptor 
antagonist) 

METHOD 

SubJects 

Male Sprague-Dawley rats (175-200 g) wtthout previous 
drug or experimental experience were purchased from Flow 
Research Ammals, Dublin, Vlrgmia, and used in all experi- 
ments These rats were mdiwdually housed m a tempera- 
ture-controlled environment under 12-hour light/dark cycle 
Imtmlly, food (Purma Rodent Chow) and water were avail- 
able ad hb After allowing two to four weeks for acclimation, 
rats were reduced to 80% of their expected free-feeding 
weight by restricted feedmg For the remamder of  the study, 
water was freely avadable m the home cages and adjusted 
amounts of  rodent chow were offered after each experi- 
mental session to mamtam the ammals at 80% of their ex- 
pected free-feedmg weight 

Apparatus 

The experimental space was a standard operant test 
chamber (Lehigh Valley Electromcs, Model 1417 or Coul- 
bourn Model El0-10) One wall of the chamber contained 
two levers with a dipper centered between them for delivery 
of hquid reinforcement Except where noted, both levers 
remained m the chamber Above the dipper was a white 
house hght that was lit for the entire session The experi- 
mental chamber was located m a larger sound-insulated and 
hght-proof lsolat~on cubicle Solid-state and electrochemical 
programming eqmpment was used to control sessions Data 

were recorded automatically in the form of response and 
reinforcement totals The remforcement consisted of equal 
parts of  sugar and non-fat powdered milk (Land O Lakes, 
Inc ) mixed in tap water and delivered by the dipper (0 01 
ml) 

E:~perlmental Pro~ edures 

Initial trammg One lever m chamber Fourteen 
Sprague-Dawley rats, reduced to approximately 80% of their 
normal body weight by restricted feeding, were tramed to 
press one lever in a two-lever operant chamber using mdk 
reinforcement This lever was designated as the sahne lever 
After three to four days of responding on a continuous rein- 
forcement schedule rats were trained to respond on the sec- 
ond (drug) lever Rats were injected (SC) with either 1 14 
mg/kg mcotme (n=7), ten minutes prior to, or 1 74 mg/kg 
arecoline (n=7) five minutes prior to being placed m the 
operant chamber, with only the drug lever present Rats 
usually spontaneously initiated responding on the lever prior 
to drug exposure, some rats were shaped by hand ff neces- 
sary Session durations were 15 minutes After two or three 
days of CRF on the drug lever, trammg under saline and drug 
cond~tlons were alternated Sahne was administered for two 
consecutive days, arecoline or mcotme for two to four con- 
secutwe days, w~th only the state (drug or saline) appropriate 
lever in the chamber At this time, a VI schedule of rein- 
forcement was instated The schedule was slowly increased 
from a VI-3 sec untd rats attained a VI-12 sec on both levers, 
discrimination training begun at th~s point For three or four 
of the rats in each group, the left lever was the saline correct 
lever, and right lever was the drug correct lever The condi- 
tions were reversed for the remaining rats These doses of 
drug were chosen since they proved optimal for discrimina- 
tion learning m prior experaments 

Dt~crtmmatlon training Both levers m chambers Rats 
were rejected with drug or saline five or ten minutes (depend- 
ing on the drug) before being placed in the operant chamber 
Both levers were m the chamber Responses on the state 
correct lever were reinforced on a VI-12 second schedule 
Responses on the incorrect lever had no scheduled conse- 
quence Saline and drug injections were administered on a 
double-alternation procedure (d, d, s, s, etc ) Responses on 
each lever as well as total reinforcements received were au- 
tomatically recorded Discrimination was assessed during a 
two-minute non-reinforced period that began the first day of  
each alternation Once discrimination had stabdized (10-15 
double alternations) experiments mvest~gatmg the interac- 
tion of physost~gmme w~th the DS properties of  arecohne 
and mcotme were conducted 

Specific E~pertments 

Experiment A Interaction o f  physosttgmtne with dis- 
criminative stimulus ehctted by arecohne and mcotme 
Nicotine and arecoline dose-response relationships, with and 
without physosttgmine pretreatment, were carried out in 
animals trained to discriminate either arecoline or nicotine 
Physostlgmme or saline was administered (SC) 25 minutes 
prior to testing Arecohne and nicotine were administered 
five and ten minutes prior to testing, respectively The dif- 
ferent test conditions were presented in a counter-balanced 
sequence Previous studies had demonstrated that ACh 
levels in rat brain were maximally elevated 25 minutes after 
physostlgmme administration [ 11] 
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The dose of physosUgmlne used (0 125 mg/kg) was 
selected from pilot studies as one that did not completely 
dssrupt responding. The interaction of  neostlgmlne with the 
DS effects of arecohne was assessed after Expenment  B was 
completed The dose of neostlgmme used (0 10 mg/kg) was 
equlmolar with the dose of  physostlgmme (0 125 mg/kg) 
used. Neostlgmme was administered (SC) 25 minutes prior 
to testing Arecohne (0 58 mg/kg) was administered five 
minutes prior to testing Discrimination was assessed during 
nonremforced sessions Responding ammals were removed 
from the chambers after 2 minutes or after five responses 
were emitted ff animals took longer than 2 minutes to re- 
spond. Test sessions for nonrespondlng subjects were ex- 
tended to maximum of 15 minutes, after which the rat was 
removed and considered disrupted The data from these rats 
were not included in any statistical analysis 

Experiment B Generahzatton of  ntcotme and~or 
arecohne to physosttgmme tn rats pretreated with specific 
chohnergtc antagonists The generahzatlon of  physostlg- 
mine, admlmstered alone, and with different antagonist 
combinations m rats trained to d~scnmlnate arecohne or 
mCOtlne, was assessed For  a description of  the approach 
used, see Table 1 Pilot experiments demonstrated that when 
admlmstered to rats trained to d~scnmmate arecohne or 
mcotme, physostlgmme (0 25 mg/kg) completely disrupted 
the responding of  most animals Thus, m the present experi- 
ments, mcotme-tramed rats were pretreated with hexa- 
methomum (1 0 mg/kg) and either atropine sulfate (4 0 
mg/kg) or atropine methylnltrate (2 0 mg/kg) m an attempt to 
antagomze the peripheral mcotm~c and central and periph- 
eral muscanmc effects of physostigmme Arecohne-tramed 
rats were pretreated with atropine methylmtrate (2 0 mg/kg) 
and mecamylamme (1 0 mg/kg) in an attempt to antagomze 
the peripheral muscarimc central and nlcotlmc effects of 
physostlgmme The most noticeable peripheral effects 
produced by physostlgmme were sahvatlon, dmrrhea (mus- 
carmlc stimulation) and muscle faslculatlon (mCOtlnlc stimu- 
lation) Drugs were administered using the same time pa- 
rameters as described in the previous section 

Drugs Used m These Studies 

The following drugs were used in these experiments 
Arecohne hydrobromlde (Chemical Dynamic C o ,  Plamfield, 
N J), atropine methylmtrate,  atropine sulfate, and 
hexamethonlum chloride (Sigma Chemical Co , St Lores, 
MO), mecamylamlne hydrochloride (Merck, Sharp, and 
Dohme, West Point, PA), and optically pure ( - ) -mcot lne  
dl-l-tartrate (synthesized and kindly supplied by Dr Everette 
L May), were obtamed as the salt Neostlgmlne methylsui- 
fate (Hoffman La Roche, Nutley, N J) and physost~gmme 
sahcylate (O'Neal ,  Jones, and Feldman, St Louis, MO) 
were obtained m aqueous solution from the hospital phar- 
macy in reJection wals All drugs were dduted with 0 9% 
sahne to a concentration that resulted m an rejection volume 
of I ml/kg body weight All reJections were made SC and all 
drugs were administered as the salt 

Free base equivalents of  the salt (mg/kg) of the drugs used 
in the present study are as follows arecohne HBr 
(1 74=1 14), nlcotme bltartrate (1 14=0 40), neostlgmme 
methylsulfate (0 10=0 07), physostlgmme sahcylate (0 125= 
0.08), atropine methylmtrate (4.0= 1 58), and atropine sulfate 
(4.0=3.3) These values are prowded for comparisons to other 
studies which presented data as free base [10] 

Data Analysts 

The discrimination data derived from the nonrelnforced 
test periods were presented as percent drug bar responding 
(%DBR) which is calculated as the responses on the drug 
correct lever/total responses Response rate data was pre- 
sented as responses/mmute (RPM) Data was analyzed usmg 
either paired Student 's  t-test or treatment-by-treatment by 
subjects analysis of variance The mean of test replications 
for each animal was used to determine the group mean-+ 
S E M  

RESULTS 

Effects of  Physosttgmme on the DS Effects of  Arecohne 
and Ntcotme 

The results of experiments attempting to alter the DS ef- 
fects of arecohne and/or mcotme via physostlgmme (0 125 
mg/kg) pretreatment appear  in Fig 1. At this dose physo- 
stigmlne, by itself, did not alter %DBR in either arecohne or 
nicotine trained rats Two doses of nicotine and arecohne 
were evaluated following physost~gmme pretreatment,  one 
which produced <20% DBR, and one which approximated 
an ED50 dose in each drug d~scnmlnation group Physo- 
stlgmlne potentiated the arecohne-mduced DS (2-5 fold), 
while the nicotine-induced DS was unchanged 

The Interactions of physostigmlne with the arecohne and 
nicotine dose-effect relationship was analyzed by a 
treatment-by-treatment-by-subjects analys~s for each tram- 
lng drug For  both analyses, the factors analyzed were dose 
(of mCOtlne or arecohne) and pretreatment condition (sahne 
or physostlgmine) For  the nlcotlne-physostlgmlne Interac- 
tion, there was a significant dose effect, F(1,6)=4 45, 
p < 0  05, indicating a dose response relationship However,  
the pretreatment condition, F ( I , 6 ) = l  0, p < 0  2, and the 
treatment by dose interaction, F(1 ,6)=l  22, p < 0  2, were 
nonsignificant These results indicated that neither saline nor 
physostigmlne pretreatment affected the nicotine dose- 
response relationship 

The arecohne-physostlgmlne interaction resulted in a 
significant effect of dose, F(1,6)=15.1, p < 0  001, and pre- 
treatment factors, F(1,6)=32.4, p > 0  001, indicating a signifi- 
cant facdltation of the arecohne dose-response relationship 
by physostigmlne The pretreatment by dose mteraction was 
nons~gmficant (F<  1, p > 0  2), indicating that the dose-effect 
relatmnshlp was not different between the two pretreat- 
ments 

After the completion of  the above experiment,  the in- 
teraction of neostlgmlne with the DS effect of  arecohne was 
assessed in six rats Th~s was carried out to determine ff 
physostlgmlne was producing its effects through the inhibi- 
tion of  the metabohsm of  arecolme Administration of 0 1 
mg/kg neostlgmlne methylsulfate, a peripheral chohnes- 
terase inhibitor (the dose is equlmolar to the dose of  physo- 
sagmlne used) 25 minutes prior to administration of  0 58 
mg/kg arecohne, produced a 25 6_ + 15.9% DBR This is simi- 
lar to the %DBR observed in these rats after 0 58 mg/kg 
arecohne alone (9 0_+4 5%) and with physostlgmlne pre- 
treatment (51 3-+ 14 8%) 

Generahzatton of  the Arecolme-Induced DS to 
Physosttgmme 

The generalization of physostlgmlne to the discriminative 
stimulus effects of areocline is presented in Table 2 Admin- 
Istration of  physostigmine (0 125 mg/kg) after pretreatment 
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FIG 1 Interactmns of physostlgmme with the Discriminative Sttmulus properbes of 
mcotme (left panel) and arecohne (right panel) Numbers reside the bars indicate the 
number of rats completing response reqmrement/number tested Each value is the 
group mean±SEM of one drug administration m each rat 

T A B L E  2 

GENERALIZATION OF THE DISCRIMINATIVE STIMULUS PROPERTIES OF 
ARECOLINE TO PHYSOSTIGMINE AND THE ANTAGONISM OF THIS 

GENERALIZATION BY ATROPINE 

Chollnerglc Chollnerglc 
Antagomst* Agomst RPM§ % DBR§ 
(mg/kg) (mg/kg) Nt R:~ ±SEM ±SEM 

Sahne Sal (1 ml) 6/6 2 15 3 _+ 3 8 2 9 ± 1 7 
Are(1 7) 6/6 2 39 ± 1 4 920_+ 43 

MeAt (2 0) Sal (1 ml) 6/6 1 27 0 _+ 10 8 0 _+ 0 
+ Mec(1 0) Are(1 7) 6/6 2 48 ± 23 766 ± 76  

Phy(025) 4/6 2-4 38 ± 2 1 668 ± 126¶ 

At (40) Are(1 7) 5/6 1 1 9-+ 03 258 ± 102 
+ Mec(1 0) Phy(025) 6/6 2 40_+ 1 6 227_+ 76¶ 

*Chohnerglc antagomsts were admimstered 10 mm prior to physostlgmme (Phy) 
or 30 minutes prior to the training drugs arecohne (Are) or sahne (Sal), Phy was 
administered 25 mm prmr to being tested during a 2 mm test session Doses of 
speofic agomsts and antagomsts [methyl atropine (MeAt), atropine (At) and 
mecamylamme (Mec)] appear m parentheses 

iN=number of rats completing responses reqmred/number tested 
SR=rephcatlons of each experiment 
§Data are presented as cA, drug-correct responding (% DBR) All data are pre- 

sented as mean +_ standard error of the mean RPM=responses/mln 
¶Sigmficantly different from each other, p<0  01 

with a t ropine methylnl t ra te  and m e c a m y l a m m e  produced  
29% DBR.  The effects  of  0 25 mg/kg physos t lgmme were  
assessed after p re t rea tment  with atropine methylni t ra te  (2 0 
mg/kg) and mecamylamlne  (1 0 mg/kg) When tes ted 45 and 
25 minutes  after  physos t lgmlne  administrat ion,  the percent  
D B R  was approximate ly  40% and 67% respect ive ly .  Increas-  
ing the dose o f  physos t igmine  to 0 5 mg/kg complete ly  dis- 
rupted the responding of  all rats Pre t rea tment  of  rats with 
a t ropine sulfate (4 0 mg/kg) and mecamylamine  (1 0 mg/kg) 
slgmficantly decreased  the percent  DBR produced  by phy- 
sosUgmlne (0 25 mg/kg) Pre t rea tment  with atropine 
methylmtra te  and m e c a m y l a m m e  did not  affect the percent  
D B R  after  sahne,  but  did decrease  the percent  DBR after the 
training dose of  a recohne  

Af ter  atropine methylmtra te  and m e c a m y l a m m e  pre- 
t reatment ,  the percent  D B R  for physost lgmine (0 25 mg/kg) 
and arecohne  (1 74 mg/kg) were  similar (approximately  70% 
DBR),  al though response  rates were  be low the basehne dis- 
cr iminat ion rates for arecol ine In addition, inject ion of  at- 
ropine sulfate (4 0 mg/kg) and mecamylamlne  (1 0 mg/kg) 
antagonized the discr iminat ion produced  by physos t igmme 
and arecol lne to a similar extent  (approximately  25% DBR) 

Ntco tme  as a DS Lack o f  Generahzatton to the 
Physos t tgmme-Induced  DS 

Exper iments  designed to evaluate  the possible gener- 
al izat ion of  mco tme  to physos t igmme are presented  In Table 
3 When adminis tered alone, physos t lgmme (0 125 mg/kg) 
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TABLE 3 

L A C K  OF G E N E R A L I Z A T I O N  OF NICOTINE TO THE DISCRIMINATIVE 
STIMULUS EFFECTS OF PFIYSOSTIGMINE 

Chohnergic Cholmerg~c 
Antagonist Agonlst* RPM§ % DBR§ 
(mg/kg) (mg/kg) Nt Re -+SEM _+SEM 

Sahne Sal (1 ml) 7/7 2 15 1 _+ 2 9 1 0 _+ 06 
Nlc (114) 7/7 2 22 6 _+ 73 907 + 5 2 

Hex (10) Sal (1 ml) 7/7 1 167 _+ 50 0 + 0 
+ At (40) Nic(114) 7/7 1 222_+68 928_+ 32 

Phy(025) 7/7 3 41 -+07 291 _+ 124 
Phy(050) 7/7 2 7 1 _+ 34 3 0 0 _  80 

Mec(l 0) Nic(114) 7/7 1 38_+ 16 133 -+ 86 
+ At (40) Phy(025) 7/7 2 20_+ 03 182_+ 96 

*Chohnerglc antagomsts were given 10 mm prior to physostlgmine (Phy) or 25 
minutes prior to the training drugs mcotme (NIc)  o r  sahne (Sal), Phy was admlms- 
tered 25 mm prior to being tested for a 2 mm test session Doses of specific 
agonlsts and antagomsts, hexamethonlum (Hex). mecamylamme (Mec), and at- 
ropine (At), appear m parentheses 

?N=Number of rats completing responses reqmred/number tested 
:~R=Rephcatmns of each experiment 
§Data are presented as % drug-correct lever responding (% DBR) All data are 

presented as mean _+ standard error of the mean RPM=responses/mm 

produced approximately 5% DBR and only shghtly de- 
creased response rates compared to saline Administration 
of 0 25 mg/kg physostlgmlne by itself (not presented), com- 
pletely, disrupted the responding of three out of  four rats 
tested, and was not tested further. Thus, rats trained to dis- 
criminate nicotine were pretreated with hexamethonium (1.0 
mg/kg) and either atropine methylnltrate (2 0 mg/kg) or at- 
ropine sulfate (4.0 mg/kg) in an attempt to partially block 
some of the peripheral nicotinic and peripheral and central 
muscarlnlC effects of  physostlgmlne Pretreatment w~th at- 
ropine methylnitrate and hexamethonlum prior to physostlg- 
mine adrmnlstratlon did not block the disruptive effects of 
0 25 mg/kg physostlgmlne (three out of  seven rats re- 
sponded) indicating a central action for the rate suppressant 
effect of physostlgmlne All rats pretreated with either 4 0 or 
8 0 mg/kg atropine sulfate and 1 mg/kg hexamethonlum prior 
to physostlgmme (0 25 mg/kg) responded, but response rates 
were still depressed Due to the observed group variability 
on percent DBR with physostlgmlne, some antagonist- 
physost~gmme interactions were replicated two or three 
Umes m each animal A mean value was calculated for each 
animal and were averaged to derive the group mean and 
standard error of the mean Approximately 30% DBR was 
observed with the atropine, hexamethonlum, and 0.25 mg/kg 
physostigmlne treatment. No change in percent drug bar re- 
sponding was observed when physostlgmlne (0 25 mg/kg) 
was administered 45 minutes prior to testing Increasmg the 
dose of physostlgmlne to 0 5 mg/kg did not increase the per- 
cent DBR Pretreatment with atropine sulfate and the central 
nicotinic antagomst mecamylamlne did not affect the percent 
DBR produced by physostlgmine administration Nmther the 
discrimination level nor response rates after saline and 
nicotine (1 14 mg/kg) were affected by pretreatment with at- 
ropine and hexamethonlum Pretreatment with atropine and 
mecamylamine antagonized the % DBR produced by 
nicotine administration, demonstrating that this antagonist 
combination can block a centrally mediated nicotine effect 

DISCUSSION 

The results of the present series of experiments demon- 
strate that the DS properties of arecohne, but not nicotine, 
can be potentiated by and generalize to physostlgmlne The 
ability of physostigmlne to potentiate the DS effect of low 
doses of  arecohne (Fig 1) is thought to be due mainly to the 
inhibition of degradation of  ACh by acetylchohnesterase 
Thus, the ACh which is protected from hydrolysis can 
then interact with the central muscarlnlC receptors at 
which arecollne is acting, producing a response summation 
[11] The potentiation of the DS effect of arecolme by neo- 
stlgmlne (Expenment A, data not shown), although not as 
great as physostlgmine, indicates that peripheral chohnes- 
terase inhibition may also be involved in this interaction 
Arecollne has a carboxyhc ester group that may be suscep- 
tible to hydrolysis by esterases Inhibition of the metabolism 
of arecohne may therefore be a factor in the potentiation of 
the DS effect of arecollne by chohnesterase mhlbltors How- 
ever,  no studies have investigated ff (1) arecollne is hydro- 
lyzed by esterases, or (2) chohnesterase mhlbltors can affect 
the hydrolysis of arecohne 

The ability of physostlgmlne, administered after periph- 
eral muscarlnlC and central and peripheral nicotinic 
antagonists, to generalize (approximately 70% DBR) to the 
arecohne DS, provides additional evidence for a chollnergic 
innervatlon of the muscarlnlC receptors that mediate the ef- 
fects of arecollne (Tables 1 and 2) The chollnerglc specific- 
ity of this interaction was further demonstrated by the antag- 
onism of the arecohne-hke DS effects of physostigmme by 
atropine sulfate 

The failure of physostigmine to potentiate or generalize 
with the DS effects induced by nicotine indicates that this 
action of  nicotine is not mediated through the release of 
ACh The data also indicate that there may be a lack of a 
chollnergic innervation to the receptors that mediate the DS 
effect of nicotine An alternate explanation is that the 
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nicotinic chohnerglc system has a low level of spontaneous 
activity. The ability of  physostlgmine to enhance the action 
of  ACh is dependent on ACh release and hence neuronal 
activity Thus, if the nicotinic chollnergic system has a low 
level of  spontaneous activity, then physostlgmme would not 
be able to greatly potentiate or mimic stimulation of the sys- 
tem by exogenous nicotinic agents However ,  under the 
confines of these experiments, arecohne and nicotine appear 
to be acting as agonlsts on different receptor populations in 
which only one (arecollne sensitive sites) is chohnergic in 
nature 

In support of these conclusions, Rosecrans et a/ [ l l ]  
have demonstrated that atropine, but not methyl atropine, 
completely antagonized the physostlgmtne-lnduced disrup- 
tion of avoidance behavior (dose and time parameters were 
similar to those used here) without affecting the increase in 
brain ACh via chohnesterase inhibition Thus, arecollne 
stimulus generalization to physostigmme is probably 
mediated via ACh at a common chohnerglc receptor Fur- 
thermore, the fact that atropine completely antagonized 
physostlgmme's effects on avoidance behavior provides ad- 
ditional support for the idea that these increases in ACh may 
result in only a muscarmlc chohnerglc stimulation If 
nicotinic receptors were also involved, then one might 
anticipate only a partial antagonism by atropine Consistent 
with these latter findings, other investigators examining the 
interaction of selective chohnergtc antagonists with physo- 
stlgmine have demonstrated that the central effects of cho- 
hnesterase inhibition were mediated through muscannlc,  but 
not by nicotinic receptors, these effects were antagonized by 
atropine or scopolamine, not by mecamylamlne [8,18] In 
retrospect then, there seems to be little m vtvo evidence that 
ACh can elicit an affect at nicotine receptors, and thus, it is 
not surprising to find that the nicotine-reduced DS may not 
be mediated via a cholinergic receptor 

The notion that nicotinic receptors may not be non- 
chohnerglc in nature, however, is not new Abood et al [1] 
have made a similar suggestion based upon the failure of 
nicotinic receptor antagonists to compete with the binding of 
3I-I(-)-nicotine to brain tissue mecamylamme did not reduce 
~rI(-)-mcotlne binding, but did attenuate its behavioral ef- 
fects as demonstrated here (Table 2) Sershen et al [14] have 
come to a similar conclusion In contrast,  Romano and 
Goldsteln [9] provided data that stereospecific nicotine bind- 
lng can be identified centrally which appears to be chohner- 
glc in nature These workers find that nicotine binding can be 

displaced by ganghonlc nicotinic agonists, but like Abood et 
al [1] and Sershen et al [14], found nicotinic antagonists 
unable to specifically compete for those same binding sites 
Schwartz et al [13] using an analogous (but m vitro) strategy 
to that employed in this investigation, studied ~cI-ACh bind- 
ing in rat brain tissue incubated with physostigmlne and at- 
ropine, thus, nicotinic receptors were the only binding sites 
available to 3H-ACh The findings of  these latter workers are 
quite compatible with the drug discrimination sttrdles re- 
ported here, and with those of Abood et al [1] and Sershen 
et al [14] Two observations by Schwartz et al [13] are 
important to understanding the interactions of nicotine cen- 
trally First, nicotine does appear to compete with ACh at 
some similar binding sites in equivalent concentrations (KI 
values for ACh and (-)-nicot ine were 7 6 nM and 6 4 nM, 
respectively) Secondly, mecamylamme was unable to ef- 
fectively compete with 3I-I-ACh (822,000 nM) When taken 
together, these findings suggest that mcotine may be acting 
at two cholinoceptlc receptors, one with a chollnergic inner- 
vatlon (NrCh  receptor), and one which IS non-chollnergic in 
nature (Nz-Ch receptor) 

The lack of generalization of the nicotine-induced DS to 
ACh increases, mediated via chohnesterase inhibition (Table 
3), suggests that the nicotine-mediated DS may occur at sites 
which are non-cholinergic In nature This IS supported 
further by the inability of  mecamylamlne to compete with 
either ZH(-)-nlCotlne and/or 3I-I-ACh binding sites, which 
may also suggest that the antagonism of the effects of 
nicotine could be occurring at some site involving a second 
neuron Nicotine, therefore may still be ultimately acting at a 
cholinergic synapse, but one which is innervated via a non- 
cholinerglc lnterneuron sensitive to mecamylamme As 
pointed out earlier in this discussion, the turnover of ACh 
presynaptlcally may be too slow at nlCotlnic-chohnergic re- 
ceptors to permit a significant nicotme-hke DS effect via 
physostigmine, and thus, it cannot be concluded that 
nicotine IS completely devoid of  any cholinergic effect cen- 
trally An alternative hypothesis has been put forward by 
Stolerman [16] which suggests that these nicotimc receptors 
may reside on Ion channels regulated via two distinct sites, 
one sensitive to mecamylamlne but ACh insensitive, the 
other sensitive to both nicotine and ACh The present inves- 
tigation, while providing data that nicotine may be acting at a 
non-chohnergIc neuron, also points out the need for ad&- 
tional research in this area before these issues can be 
clarified 

REFERENCES 

I Abood, L G ,  K Lowry, A Tometoko and S Booth Elec- 
trophyslologlcal, behavioral, and chemical evidence for a non- 
chohnerglc, stereospeclfiC site for mcotlne in rat brain J 
Neuroscl Res 3: 327-333, 1978 

2 Karczmar, A G Pharmacologic, toxicologic, and therapeutxc 
properties of antlchohnesterase agents In Physmlogwal Phar- 
macology, Vol 3/c, edited by W S Root and F G Hoffman 
New York Academic Press, 1967 

3 Karczmar, A G Is the central chohnerglc nervous system 
overexplolted 9 Fed Proc 28: 147-157, 1969 

4 Kawamura, H and E F Domino Dlfferentml actions of m- and 
n-chohnerglc agonlsts on the brain stem activating system 
Neuropharmacology 8: 105-115, 1969 

5 Meltzer, L T ,  J A Rosecrans, M P Aceto and L S Hams 
D~scnmmaUve stimulus properties of optical ~somers of 
nicotine Psychopharmacology (Berlin) 68: 283-286, 1980 

6 Meltzer, L T and J A Rosecrans Discriminative stimulus 
properties of arecohne A new approach for studying centrally 
muscanmc receptors Psychopharmacology (Berhn) 75: 383- 
387, 1981 

7 Meltzer, L T and J A Rosecrans lnvesUgat~ons on the CNS 
sites of actmn of the d~scrlmlnatlve stimulus effects of arecohne 
and nicotine Pharmacol Btochem Behav 15: 21-26, 1981 

8 0 l d s ,  M E and E F Domino Comparison of muscanmc and 
nlcotlmc chollnergac agomsts on self-stlmulatmn behavior J 
Pharmacol Exp Ther 166: 189-204, 1966 

9 Romano, C and A Goldsteln Stereospectfic nicotine receptors 
on rat brain membranes Sctence 210: 647~50, 1980 

10 Rosecrans, J A and W T Chance Chohnerglc and non- 
chohnergIc properties of the discriminative stimulus properties 
of nicotine In Adv Behav Btol, vol 22, edited by H Lal New 
York Plenum Press, 1977, pp 155-186 



N I C O T I N I C  A N D  M U S C A R I N I C  R E C E P T O R S  593 

11 Rosecrans, J A ,  T A Dren and E R Domino Effects of 
physostlgmlne on rat brain acetylchohne, acetylchohnesterase 
and condmoned pole jumping Neuropharmacology 7: 127-143, 
1968 

12 Rosecrans, J A and L T Meltzer Central sites and mech- 
amsms of action of mcotlne Neurosct Biobehav Rev 5: 497-501, 
1981 

13 Schwartz, R D ,  R McGee and K J Kellar Nicotine 
chollnerglc receptors labeled by [~I] acetylchohne in rat brain 
Mol Pharmacol 22: 56-62, 1982 

14 Sershen, H ,  M E A Reath, A Lajthe and J Gennaro, Jr 
Nonchohnerglc, saturable binding (+)-[nit] nicotine to mouse 
brain J Recept Res 2: 1-9, 1981 

15 Stltzer, M , J Momson and E F Domino Effects of nicotine 
on fixed-interval behavior and their modification by chohnergm 
antagomsts J Pharmacol Exp Ther 171: 166-177, 1970 

16 Stolerman, I P Psychopharmacology ofmcotme Stimulus ef- 
fects and receptor mechamsms In Handbook o f  Psychophar- 
macology, Vol 19, edited by L L Iversen and S H Snyder 
New York Plenum Press, 1987, m press 

17 Stolerman, I P ,  J A Pratt and H S Garcha Further analysis 
of the mcotlne cue m rats In Drug Dtscrtmmatton Apphca- 
ttons in CNS Pharmacology, edited by F C Colpaert and J L 
Slangen Amsterdam Elsevmr Biomedical Press, 1982, pp 
203-210 

18 Valllant, G E A comparison of antagomsts of physostlgmlne- 
induced suppression of behavior J Pharmacol Exp Ther 157: 
636-648, 1967 


