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ACCTHPLISHMERTS

1. AIS0T0NE SeLF-ADHIMISTRATICH

dur Tirst efforts. concarning nicotine salf-administratien wara directed

clearly establishing its reinforcing properties, 2. generating dose

)]
[
*

rasponsa functions, and 3. examining the efiacis of a cantrzl {mecamylamine)

M

and peripherial (hexamethonium) nicotinic-chelinzrgic blecking 27eats on nico-

tine s2if-administr ation. The results of %hese afforts #as been aravicusly

ctr
Q

reporiad {See Proarsess Report Or. Y. Bunn, August 24, 1981 ireom Victor J.
DeNoble}. The following are our accompiishments for the period of March 1,

1981 to March 1, 1932,

1.A. NICOTIME SELF-ADMINISTRATION: EFFECTS OF FIXED RATIO SIZE

Under ratio schedules of se1f-adminﬁstrat10n; the reinforcer (im this
casa nicotine) is administerad when the animal completes a required number
of responses. An impertant. fzature of the ratio schedule is the direct
raliation batween the rate c¢f responrding and the frequency of reinforcer

prdsentation.. Behavior maintained under fixed ratio schedules s charac-

terizad by 2 brief nausa2: in responding at the haginning of tha Fixad ratio
T2t ¥ i

bewed by am z2brupt tramsition to a high si2ady rate of r2sponding that

v~ i~ 1 1 .. - [2NT TN e esded T N~ 3 - ‘
IYISSL Ry longar, ingse chgractaristic zatiarns occur raiijabiv wnere

responding is maintained by a variety c¢f =vents (presenmtation of food,

Y et et . P \ 3 -
2izctmical brain stimulation, water, h=az, drugs) and in a veriety of
' UJA+
i FR T A L lae '—'.;,, e fees ol A RTTEEEE PO N NS LRI LS SERE Ve T i MV N
7 g Y » T T T UT PEVNVERINY L=4+ 52 Rt ARt 1 ST B
ST * ...I(r‘ o ., '*4)‘ i 5“‘ ."’ . it & 2<iay : be—rotcomed T e o tbe torrsterret-toToteages ff-‘. ~’:
it must lm returned to R&D s Central File:as soon as you have no further use for it :

3 geze

SYeeoe



‘several animals.. ' THe results show that. as tje

species (iuman, aom-human, pr‘mag s, rodants, etc.). Inoour attemot 19
L

axpand tha unger standing of the peheviarsy shanmacciagy of nicoting, w2

examinad the effect of ratio size on naicctine colf-administration in

C)*ka /\ﬁ!/fﬂA(L
dacreased (Figure

the resgonse rate first increasad, then

enavier maintainsd by other reinfomcers.

&

patiern ws characteristic of
Most important is that the number of nicetine infusfens. (and the resuiting

vlooe level) ramained fairly constant across saveral ration schedules.

Tazse data, combinad with data praviously raoortad [memo Lo Gr. . Cunni,

August 24, 1981 from Victor J. DeNoble, Page 2), ‘strongly suggast that

respondiing for intravenously delivered nicotine is. being maintained by the

nicotine blood level., At present, we are using ratiio schedules to deter-

~

mine th2 reiative reinforcing properties of & and. di nicstine {See Szcrion

1.C.}.

1.8.. BLOCXING OF NEUROTRANSMITTERS: EFFECTS ON NICOTINE SEUF-

ADMINISTRATION

To gain some information about. the azurochemical correlates of nico-
tvine S°]f adninistration, we oroduced blicckade: in tarae neurochemical
5vst=ns and observed the effect upon sei
wams maintained ungar standard exparimants
laver prass for an infusion of nicoting
procedures wera usad to establisit that nicetine galf~-adminiistration was

veina maintained by the rasponse-nicotine coatingency, er taan oy

othen behavicral effects: of nicotina. Subsequently, the

injectad with: 1. Mecamylamine ACL (1.5 ma/kg/s.C. ), 2. Hexametncntin
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examined: the effect of ratio size on nicotine saif-administrat?cn in

several animais.| The results shcy that is tje—paed WY,
' ONE ANI AL
the rasponsa pata first increasad, then cacraasag

oSt important 4g that the number of nicetine infusions fand the rasuiting

0iocd level) Temaineg Yairly constan: aerass saveral rasig schadules,
Thesz data, ccmbined with data araviousiy recoriad (memo to Op. 1, Cunan, -

August 24, 1981 from VYictor ¢, DeNoble, PageZE;]strchIyisuggest that
responding for intravenously delivered nicotine is being maintained by the
nicotine blood level, At present, we are using ratio schedules to deter-

minz tha ralative reinforcing properties;of;g?and di nicetine {S2e Szction

1.C.J.

1.8. BLOCXING OF NEUROTRANSMITTERS : EFFECTS ON NICOTINE SELF-
ADMINISTRATION

0 gain some fnformation;about‘the n2yrocnemical correlates of nico-
tine se]f—administratﬁon, #2 produced 9isckade in thr22  neurochemical
systemé and observad the:effect‘upom seiif-administration, The amimels
Aere maintainad ungze standard egperimenﬁaT conditions and W22 trained o
lever prags for an infusion of nicotina {32 ug/ka/infusicn). Contrci
procadures wera usad to establish that nicotine salf-administration Was
Seing maidtained by the rasponse-nicotina contingenzy,

other behavioral efects of nicotina, Subsequently, the

Tnjecied with: 1, Mecamylamine HGL {i.5 Ta/kafs.c. ),

toraneeg
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INFUSIONS O-=---
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Flqure. 1. ilumber of responses and infusiens i3 prasented as a fumcticn o7

fixed: ratio size. The ratio was presented in ascending order and each dat:
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riqure 1. liumber of responses and infusiens i3 prosented as a Tuncticn

fixed ratio size., The ratio was presented in ascending order and each d

point is a mean of 2 days.
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(1.0 mg/kg/5.c.), 3. Naioxone (0,5 and' 1.5 ma/xg/i.0.), and. 4. Halcper-:
idel (0.5 mg/igliepa)e Al injecidgns wor2 cenarzfad by a minimum of 10
dzvs and not alll animals wene tes’t‘ec with 2t} siackars.
e aftects of mecamyiaming and nexzmztncaium neve: BEEn ;revtc:s?y
reported (See memo tO Dr. W. Ounn, August 24, 1981 from Victer Je.
Deflodia}. Pra-injections. of naloxone had nc effect om nicotine: seli-
W oy

acministretica.  This was not too surnrising since w2 nave. shcwn: that
naloxgne injecticns dainct alter nicotine inducad prostration or nicotine
induced discrimination cues. These combiined ob:sar.-v‘ations suggest that’
nicotine's effects on central nervous system functioning are‘__n=q__t_ mediated.

through an endogenous opioid! system.

The results with haloperidol were somewhat surprising. The pre-
injection of naloperidol decreased the nunber of nicotine infusions oy

approximately 35% for one day. Tnere are: several possible: explanat‘ions‘

_for this result. 4aloperidol is a dopamineargic antagonist, and dopamine
has been implicated in the cantral nerveus system’'s respense to rewand.
The nossibility that the reinforcing oroperties of nicctine may be
partizlly medfiated via the dopaminengic system iis: intriguing., e have
alpoagy ruled cut a general| suppressive effect of haloperidol and a
genera} asteanuation of the reinforcsment prucess. we accomplished this by
detam.im‘.:ng that the dose of haloperidel that redtced the nicotifne-

madatained tehavier did nct alter focd-meintainad sahaviior.

< -
(Rt

zuziee gnperiments utilizing more soeciTic placking agents: are

prograss.
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1.0 mg/kgis.c.), 3. Maioxone (0.5 and 1.3 na/xG/i.00), and 4. Halcper-

idol (0.5 mg/xg/i.p.). 211 injectiens ware szrarztad pv a minimum of 10

dzys and noi 2il animals were tested with 2t sioniars.

reported (See memo tO Dr. W. Ounn, August 24, 1681 from VYicier J.
Deilobia). Pre-injections of naloxone had nc effect on nicotine salf-
aginistraticn. This was not too surnrising since w2 have shcwn that

naloxcne iajecticas do not alter nicotine induced prostration or nicotine

induced discrimination cues. These combined observations suggest that

nicotine's effects om central nervous system functioning are not medjiated
through an endogenous opioid system.

Thb rasults with haloperidol were somewhat surprising. The pre-

injecticn of haloperidol decreased the number oF nicotine infusions by‘
approximately 35% for one day. There are several possible explanations

for this result. Haloperidel is a donaminargic antagonist, and donamineX

nas Baen implicated in the central nervcus system's response to reward.
The nossibility that the reinforcing oroperties ofF nicctine may b2
partially madiated via the dopaminergic systém is intricuing. e have
a]reaﬁw‘-ru’ied cut a general suppressive effect of haloperidsl and 2
general attenuation of the reinforcement process. e accomplished this by
detem'in“:nwg that the dose of haloperidel @hat reducad the nicotine-

navior did nct alter focd-mainzzinad behavior.
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. el e 1T s 3o 1 S T R F-a
Hi de arz iavestigating the relative rzinforcing ability of {z%)-
S Am - P p S, 1 - S'a - s . ] - -
niceiing as comparad to (-)-nicotihe 23 2 Tisst :iizTot to deiineate

the steryospecificity of the receptor mesdiziing the reintorcing
actions of (-)-nicotine, ne rasulis shew that {z}-micotinz does

maintain lever pressing in rats (¥=2}. Substitutica of saiine for

-
|c.
-h

cj-nicoting Tailed to maintain rasconding. ‘4nen {zi-nicctinz was
reiniroducad, the number of iafusions: increased td pra-saline levels
(Figure 2). These data shcw that {z)-nicotirne Tuncticns as a posi-

tive reinforcer for rats.

k

-de

ii. Effects of infusion dose cn the number of infusions and (%)-

nicotine: intake (mg/kg/day).

iﬁre]iminamy data to daté;]suggest that as the dose of (z)-
nicotine was increased (16, 32, 64, 178, 256 ug/xc/infusicn) the

numbar of infusions first increassd, +tha

et

-4 g L 1 ., o=y
dacrezged ey ar, the

H i

-
S-.L
cr
[}

intake [mg/kg/day) was directly ralat

ot

2 the dose of (#)-nicotine.

It is dimportant to note that the dose response curve for (-)-
nicotine and (%)-nicotine overlap, with the curva for the (£)-
ricotine shified to the right. This succasis taat (~)-nicotine ic a

i

Torcer than {f}-picciine. inis metency effect Js
consistent with other data generated in our lzboratory (prostration
z2ad discrimination). At presant, we cannol orovide a potency ratio

out expect to be able to do so within four months.
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iii. £ffects of fixed ratio size on {#)-nicotine self-acdminisiration.

Preliminary data frcm one rat shc that fae response rate
jncreases. then decreases as a funciion of fixed ratio size. Re-

spending was well maintained up to fixed ratio 3, then dacreasad

under fixed ratio 10.

2.  ACETALDEHYOE SELF-ADMINISTRATION

In a previcus raport (Progress Report fc Dr. Y. Dunn, August 24, 1981 frem
Victor J. Defoble) we suggasted that acetaldehyde functions as a positive rein-
forcer when delivered intravenously to rats. We have confirmed thesé-fésults

and have begun to develop a behavioral profile of acataldehyde.

2.A. COMTROL STUDIES

we:pmeviéus1y reported that a within-subject vehicle control proce-
dure was completed oni 3 rats and that it apoeared that lever pressing was
being maintained by the acetaldahyde. Ya have extended our coatrol
studias to include over 1S rats aad ai

convincad that acetaldehyde functions as a pcsitive reinforcer.

1 3sigw similar patterns. e ars

2.3. EF ECTS OF INFUSION DOSE OM THE NUMBER OF IMFUSIONS AND ACETALDERYDE

Acetaldenyde self-administration was esuablisnad duriag 24 nr./day

access conditions at 32 ug/kg/infusion under Fixed Ratio l. After stabi- ga
. s : ‘ . . . o
Tization, the effects of infusion dose ware determined on respcnse rate
' : 91}
and acataldehyde intake (mg/kg/day). Infusion doses were presanted in LI
N‘
ascending and descanding order (128, 84, 32, 13, & anc 4 ug/xg/infusion). Eg
f;ﬂll.‘G:n 6} *‘Im"ﬂ*"")‘ﬂ&u“‘\.«.n YJL P !L ;, FLPL .n ., ,:u ..ux.:.‘wu u.'u..’u.. AT 4 I\:mu - -
? U e L H -.r’vr;ﬂ toe phu(l)huumu‘, tH-carmorteranstered o o GO agie. ,'2\"
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3 s 50

Rats weies maintajired at each dose for 2 mimimum of seven ¢avsa The

r2sults shew that as the dose ¢f acataldehivda was decreasad, thz numier oF

a

7s . 3 Ammie T A, Fiende ~
Fiaurz I). Agenaicanyda Talale

I

3% incrzased, then decreasa<d
was diractiy r2lated to the dose (Figura ¢). SE?@S‘ relaticnships batween
dose, number of infusions and imtake arz similer to those: oZtained where

other zvants mzintain benavior (Feood, water, saccharin, etc.}.l

2.C. EFFECTS OF RATIO SIZE ONM/ ACETALDEHYDE SziF-ADMINISTRATION

In Secticn l.A. we explained the importance of develeping ratic data

to evaluaie tnz relative reinforcar efvactivensss of a compoumd. ‘2 have

follliowed tie same procedure with the seli-administration of acataldehyde.

Figure 5 shows the data collected fromjone typical rat.  The number of

. Y - . N, . - -
laver prassas increased as a function of ratic size up to fixed ratio 15.

The intake (mg/kg/day) decreasad over the {irst 3 ratios, then remained
constant. across the next S ratio sizes. ifhis data is in contrast to that

obtained with (-)-nicotine in that (-)-nicotine did not maintain lever

o

>

o
v/

pressing at these hich ratios.) This indicates that acataldehvde  at simi-
hie
lar doses tc {-)-nicoting, is more effective a2t maintaining behzvier.

2.D. EFFECTS OF HALOPERIDOL OR NALQXCMNE :HJECTIONS ON ACETALDE: /DE SELF-

ABMINISTRATION

tn

vy reactive intermediates taat Yorm ScAiTE
dases with amines. If an amine is am aromatic-z2tiyl amine (Dopamine or
Serotenin), tha Schifi bases can spontenzousiy {orm a cyclic compound.

Thasa cocrmpounds are calied tetrahydraiscauinoiines (TIQ). Twe nypethesis

Thse s H ! e = o es s ..- A T M - AN N et . o=
- — - . f -
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Tach gaien in 1 mean of 3-5 days. Yephicat Yiams shnow T2 standanrd error.

Other rats showed similar intakes.
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rigur2 5. Nember of lever presses angi infusions as a function of fixed ratio

02

Ze. Sessions were 24 hours in duration. ach data point reprasents a mean

of 3-5 days of stable data. Verticall lines shew the standard error. '@t:ner

rats saowad similar pacierns of responding,
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by the formation of TIQs has boen previousiy postulat

Qur initial attempt at developing an understanding of thz reinfercing

e

effects of acstaidenyde in the central nervous svsiazm was to prevent he

ralease of dopamine and to block the endogenous cpiate receptors., Four
rats were. maintained under standard conditicns (see Progress Report to Dr.
W. Dunn, August 24\lBéi frcﬁ Victor J. DeNoble): Acetaidehyde (64.0 and
32.C ug/kg/inTusion) was established as & reinforcer under fixed ratio 1

conditions. After stabilization of lever prassing, the animals were

injected with either naloxcne (1.5 and 3.0 mg/kg/ip) or haloperidol.(0.5

mg/kg/ip). These doses were chosen because previous work in Bther
laboratories has shown that they are effective' in the: central nervous

syscem.

Figura 6 shows the rasults of naloxona pretreatment on the number of

~——

acetzldenyde (64.0 ug/kg) infusions. At both doses tested, thers were no
major changes ia the number of salf-administered infusions. These data
would suggest. that the endbgenous opicid svstem is not involved in the
maiatenance of acstaldehyde self-adminisiration. However, the affect of

haloceridol pretreatment on acetaldehyde (32.0 ug/kg) self-administration

was to reduce the number of self-infusions to beiow saline levels (Figure,

7). Tais is particuiarly interesting sinca it has been postulated that
the effects uf acataldehyde on the central nervrous system ars madiated
threugh the formation of TIQs. Thess represent areliminary results.
resyits.. Additionall experiments to further characterize the role ‘of

acetaldezhyde and.TIQs in the central nervous system are underway.
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Tiour2 5. dumbsr o7 acetaldefyde infusisns as a function ¢f the aretreaitment

dosa of nalexone. The firsi bar in each graph regresents a mean of 5 days and

02

the vertical linz shows tHe standard error. MNaloxene injections were given at =
7 day intnsvalls In - descending order immediatziy prior to a 28 hour tost g
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2.5, IN VIYD C% ACETALDEHYDE RESEARCH AT UNIVERSIT

The research was designed to answar basic questiens concerning thne

tramspert of acetaldehyde frem blood tc 5rain. In the First study the

following questions were addressad:

1. Does acetaldehyde cross the blood-brain barrier?

2. Is there differential uptake of acetaldehvyde by brain through

g

intravenous or intra-arterial injections?

- ™

3. What is the ratio of acetaldehyde inm blood compared tgibrain

following intravenous or intra-arteriall injectiens?

4, Is there: a regionai brain distribution of acetaidefiyde? ?

PROCZDURE

All tasts were performed on male hcoded nAts weighing aporoximately
350g. The basfic preparation was the exposure/ of an artery (carotid) or 2
vein; (femorai) in an anesthetized rat. Fof the intra-arterial prepara-
ticn, am injection of 10ul of Cl* acetalldenvde (tracer free) with an
activity of 0.25uCi/ull wes .injected into the carotid artery. For the
intravenous preparation, an jnjection of 10ul or 30ul of Cl* acetaldehyde
(tracer free) with an activity of 0.25uCi/ul was injected into the femorall
vein. Fiva minutes following the injecticn. a midline ircision was made

frem lower abdomen to clavicle, the rib cage: opened, and heart exposed. A

blcod szmpie (0.2m1) was collected from tpe left ventricie ¢f the heart.
A .
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ollowing this the rat was perfused with 0.9% caline for 3 minutes. The

-

srain was quickly removed, dissected inte the foliowing +hres sacticns:

N
<

cortex, midbrain and cerebellum (note that the di ssection was done by hand

\}

and is subject to some variability). B8lood and hrain sections were placed

in jadividual scintillation tubes to which 5.5m1 of scintiliation fluid

wera added. Searle Analytical (Model Delta 300) B Scmtﬂla\.mn Counter

was used to analyze the samples. v
("'po"‘
¢ e
| O ’ .J"
RESULTS P e
The results show that: /4

1. Acetaldehyde readily permeates the bllood-brain barrier.” N

jintravenous and\ intra-

2. There is no marked difference betwee

arterial injections in the amount of\ acetaldehyde fthat gets to
brain tissue.

3. The ratio of acetaldehyde in brain compared to bloed S-minutes
post injection was approximately 1 to 10.

4. There does not appear to be a Gross ragional distribution of
acetaldehyde in the brain.

The purpose of the second study was to datermine if there was differ-

ential uptake of C1* acetaldehyde by nerve endings, myelin and mitochon-

dria.

PROCZDURE
2N

Two male hooded rats weighing 3001 to 350 grams were utilized in S

preliminary study designed to tast for celluiar acetaldehyde localii:z‘ation‘gi

<n brain following an intravenous jnjection of the compound. Thi tvm‘
~izrograms (30ug) of C1* acaizldehyez with an activity of 0.25 microcurias N‘
c- - P
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per microliter were injected into & fermeral vein preparation. Five
minutes sostinfusion, the animal was sacrificed by a blunt olow to the
Tumbar region, and its brzin quickly removed. The fcllewing method was
performed in duplicate.

The brain was rinsad in 0.9% saiine prior to placement in Zﬁnﬂ of
0.32 molar isotonic sucrose. This mixture was homogenized and' trans-
ferred to two centrifuge tubes.. The tubes were placed fn an analytical
centrifuge and spun for 10 minutes at 10CG gravities (G.). The pellet
contained large cellular debris such as uniysed cells and large fragmentg
of call membrane and it was resuspended in 2ml of 0.324 sucrose to be
counted for radioactivity llater. The supernatant was sﬁﬁn;:in an
ultracentrifuge at 12,000 Gs: for 20 minutes\to separate the microsomal
fraction (endoplasmic reticulum, vesicles and axonal fragments) from the
fraction containing the nerve endings. The supernate from this spin was
the microscmal fraction which was set aside for later counting. The
pellet cr synaptosomal fraction was resuspended in 2 ml of 0.32M isotonic.
sucrose. At this point sucrose density gradient cantrifuge tubes were
srepared containing a Sall bottem layer cf 1.2 i sucrcse and a top layer of
0.8 M sucrose. The non-resuspended synaptosomai fraction (in 0.32
su;rose) was applied onto these density gradient tubes. These tubes were
spﬁn at 100,000: 65 for 1 hour. The three fractions obtained from this
spim ar2 myelin, nerve endings, and mitochendria. To G.Scc of the initial
peilet (non-resuspended), the second sup2rnatz, and the nyelin, narve

ending and mjtochondrial firactions of the last spin were: added E.fml of

3

1

scintiilation fluid., The C!% activity ~f these samples was determined

utilizing .a1 Searle Anmalytic 8 Scimtil-iaiion Counter. The amount. of
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acetaldetyde: present in each sample: was detenmined by knowing that:
1) 250uCi/1.0mg
250uCi/1000ug
.25uCi = lpg in 1yl
3041 was injected; therefora,
2) 30ul = 7.5uCf = 30ug
3) 100com. = 4x10~“ug carrected for efficiency
of the counter with a background of 30cpm
The results of experiment two: show that most of the acetaldenyde:

concentrates. in the myelin and nerve endings with a smaller amount located

in the mitochondria.

f . ‘&
CONCLUSIONS /\/ =

At present the biochemical data indicate that: acetaldehyde readily
penetrates the bl\ood-Sraﬂn barrfer and appears to be: equally _d'hstriibut‘ed\
in all 5rain regions.. These data, combined with the behavioral data
¢ollected fni our laboratory, suggest further investigation of acetaldehyde
at both the: behavioral and central nervous system levels. . N

Mo E /“'C‘k

3.  NICOTINE-ACETALDEHYDE SELF-ADMINISTRATION

Hei' have demonstrated in our laboratory that both (-)-nicotine and:
acetaldehyde have positive reinforcing effacts when deliivered intravenously to
rats.. Both of tiese substances are smoke: components that are deliveredito the
smoker, It is welll documented that when two reinforcars are presented to anm
organiism, there can be modification of the behavioral effect. of one reinforcer

by the other. In/ the case of (-)-niicotine and acetaldehyde, an: interaction

hetween the: two compounds: can oe defined as a modi®icatien of the pharmzco-
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acefa]dehyde present in each: sample was determined by kncowing that:
1) 250uCi/1.0mg
250uCi/1000wg
.25uCi = 1ypg in lul
30ul was: injected; thereforz,
2) 30ul = 7.5uCt = 30ug
3) loncpm = 4x10~%ug corrected for efficiency
of the counter with a background of 30cpm
The results of experiment two show that most of the acetalidenyde
concentrates in the myelin and nerve endings with a smaller amount located

in the mitochondria.

' . r) '
CONCLUSIONS /\/ =

At present the biochemical data indicate that acetaldehyde readily
penetrates the blood-brain barrier and appears to be equally distributed
in all bSrain regions. These data, combinmed with the behavioral data
colliected in our laboratory, suggest further investigation of acetaldehyde

at poth the behavioral and central nervous system levels.

]

-y i

HECOTINE-ACETALDEHYDE SELF-ADMINISTRATION

We, have demonstrated in our laboratory that both (-)-nicotine and

acatalidehyde have positive reinforcing effacts wihen delivered intravenously to

rats.

deth of these substances are smoke compoments that arz dalivered to the

smoker.. It is well documentad that when twe reinforcars ars presented to an

onganiism, thers: can be modification of the behaviorall effect of one reinforcer

By the other. In the case of (-)-nicotine and acetaldehyde, an interaction

Yetween tho 4wo compounds can oe defined as a modi€icatier of the nharmaco-
p
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liogical effect of one compound by the other. We have used our: self-acministra-

tion techniique to: evaluate: the behavioral {nteraction between (-)-nicotine: and
acstaldehyde. Although a behavioral interaction tetween two compounds: cani be
readily defined: as a modfification of the behavioral effect of one: compound by
the other, it can be difficult to demonstrate conclusively that any
modification has taken place. Therefore, it becomes necessary to: first measure

the affect of the two compounds separately, then measure the effect of the two

compounds' given concurrently. Finally, a decision has to be made:on whether or

not the joint effects: can be predicted from a single additiive model, which
adds the: effect of the first compaonent to that of the second. If the effect of
the combination deviates: from the prediction of the additive model, then: an
jnteraction can be fnferred.

~

To establish: 1f acetaldehyde finteracts with (-)-nicotine in refnforcing

systems, we (provided rats (N=4) Jwith access to: acetaldehyde-{-)-nicotine

combinations. Acetaldehyde (4.0 ug/kg/infusion) mixed with (-)-nicotine (4.0°

ug/kg/infusion) was avajlable for self-administration under standard conditiions

(See Progress Repont tm or. H. Dunny,. August. 24, 198L from Victor J. DeNoble).
et por

- ‘ :
‘Eﬁé two graphs: in Figure 8 show the results. :7The‘ combinations maintained

responding above: efther compound when presented alone. In addition, the level
of lever pressing maintained by (-)-nicotine or acetaldehyde does: not exceed
vehicle levels. This suggests that a combinationi of a dose of acetaldehyde aﬁd
a dose of nicotine that alone would not be reinforcing, isi reinforcing when
presented together. i:EEfther, the joint effsct of the: combinatiion is greater

than an additive effact, suggesting a: svnerzistic relationship_!

To further analyze tHis relationshio. we provided a rat with a mixture of

acetaldenyce (3.0 ug/kg/infusion) and nicotine (8.9 ug/xg/infusion) 1n which
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liogical effect of one compound! by the other. We have: used our salf-administra-
tion technique to evaluate the behavioral interaction between: (-)}-nicotine and
acstaldehyde. Although: a behavioral interacticn tetween two compounds can be
readily defined as a modification of the behavioral effect of one compound by
the other, it can be difficult to. demonstrate conclusively that any
modification has taken pﬂace. Therefore, it becomes necessary to first measure

the effect of the two compounds separately, then measure the effect of the two

compounds given concurreatly. Finaily, a decision has: to be made on whether or .

not the joint effects can be predicted from a singie additiive model, which
adds the effect of the first component to that of the secend. If the effect of
the combination deviates from the prediction of the additive model, tihﬁ an
interaction can be inferred. - N '

To establish if acetaldehyde interacts with (-)-nicotine in reinforcing

systems, we (provided rats. (N=4) Jwith access to acetaldehyde-(-)-nicotine

combinations. Acetaldehyde (4.0 ug/kg/infusion) mixed with (-)-nicotine (4.0

ug/kg/infusion) was available for semf;administnation.under standard conditions

(See Progress Report to Dr. H. Dunn, August 2%, H981 from Victor J. DeNoble).

: 'Jof""'”"' .
The two graphs in F1gure 8 show the results. /The combinations: maintained

responding above either compound when: presented alone. [n addition, the level
of lever pressing maintained by (-)-nicotine or acetaldehyde does not exceed
vehic]é‘lmve1s, This suggests that a combination of a dose of acetaldehyde amh
a dose of nicotine that alone would not be reinforcing, is reinforcing when
presented tcgethar. \ Further, the joint. effact of the combinatiion iis greater

-

than an additive effect, suggesting a synergistic relationship. !

To funﬁher analyze this relationshio. we provided_a rag with a mixture of

acetaldenyde (3.0 ug/kg/infusion) and nicotinme (8.0 ug/kg/infusion) ia which
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Fiqure 8.

nicotine (4.0 ug) ‘and acetaldehyde (4.0 ug) combinations.
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n2 migture was avat

ach ccmpeund woulld maintain behavicr indspen dantiy,

w

able under an FR 6 schedule. Sigure & shcows that wnan the comoination is
available, the response rate is very high. When (-)-niicotine gr acstalidenyde
is ramoved from the mixture, the number of laver prasses decrezsa. This
demonstrates tiiat when both ccmpounds are fuacticning as rainforcers, they can

and db. jnteract.

4. BEHAVIORAL EEFECTS. OF [INTRAVENTRICULARLY ADMINISTERED (-)-WICOTINE ON

_

FIXED RATIO SCHEDULES OF FOOD. PRESENTATION I RATS

Nicotine is one: of the most widely used compounds, but basic rasearch on
its mode of action in the brain and on its effeéﬁs on animal behavior has
lagged far behind other research on commonly used substances.. Most. previous
studies have investigated the behavioral effects of systamically administered

nicotin2 in rats cor monkeys. In rats nicotinme iacraases responding maintained

under fixed-interval (F1), variable-interval, and differantial-reinforcement. of

Tow rate schedules of food or water presemtaticn and under schedules of elec-

tric shock postponement (Bovet and Bovet-Nitti 19535; Horrison and' Stephenson

1968; Pracdhan 197C; Pradhan and Dutta 1970; Ando 1973 anrd decraases respond-"

ing, unde" fixad-ratio (FR) schedules of focd or water prazsentaticn (Morrisen

and‘StepNenson 1969; Pradhan: 1970). Qualitativeiy similar rasuits on respond-

ing have been reported in squirrel monkeys maintained under & muit

e

piza FI-FR

schedile of either oresentation of food or terminatica of 2 stimulus asscciatad
with electric shock (Davis et al. 1973; Spealman et ai. 1981).
Taere are no reports, to our knowledge, oF the aifects of intraventricular

(IY7) administration of nicotine on scheduie-contrciled behavior. Intraven-

ct
s 3
ct
=¥
©
=)
w
s
[y
or
-3
e
]

triguiar adminisziration §s a means of studying afcotine wi

absence of peripheral effects. Abaod andl co-workers (1678, 1979) reported that
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Fiaure 9.

(of 3-5 days cf stable data.)
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wumbar of lever prasses under fixed ratio 6 as a functicn of {(-)-

\

nicotine (2.0 ua) and acataldehyde (8.0 ug) comdinations. fach Yar is a mean

Vertical lines show the standard error.
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ani YT infusion of nicotine (2-10 .g} $wto the Tatama) ventricle resyliad in g
prostratﬁon-immobi1ization syndrom2 !in rats. This orostration syndrome. was
prevented or antagonized by IVT pretreatment with. d'-Benzylnornicotine and! some
piperidine derivatives, but not by a variety of neurctransmitters: or psycho-
tropic ageats.

The purpose: of the prasent study was to astablish a: more: detailed: profile
of the behavicral effects of IYT administraticn of -)}-nicotine.. The second
punpose of the study was to examine the. effiects. cf two nicotinic-cholinergic
blocking agents, mecamylamine and. hexamethonium on the: behavioral changes

induced by the IVT infusion of (-)-nicotine.

Experiment: 1
FIXED RATIO SCHEDULES OF FOOD! PRESENTATION
The affects: of IVT infusion of {-Y-nicotine were tested on behavier main=-
tained under FR schedulesi of food presentation.

MATERIALS AND METHODS

Subjects, Eight experimentally naive male albino rats (dbltzman ta., Madison,

Ytsconsin), between: 90 and 120 days old and! weigning betwaen 190 and 230 giwere
used. Animals were housed individual ly: and were aliowed food continuously for
three weeks, during which time weights were recordad daily. The mean weights
ware: calculated from the: last tive deys of the tlires week pericd, aftar which
the rats wers raduced to 80% of thellr: free-feeding weights. These weights were
periodicaliy adjusted to controll for growth rate.

pats wera anestiietized with vetamine (70 mg/Kg/im) and! sodfum pentobar-
pital (18 mg/kg/ip) and. a stainless steel cannuia (4220 DX rat. cannula, David
Kopt Cb.) was steractaxically inserted intai the laft jateral ventricle (poster-

igr = 1.1 wm Vrom Cra2gma, laceral = 1.7 mm, veriikel = 3.1 mm foon he siui

Tl a1 oot Pyt s IS8 A 1 QPRI ||rumnnwwamwe&‘bﬂ;ﬁr:bwwgw'."‘l-t‘
i o

‘L",""ﬂ","_lf?fi‘.A’lki""’“““' bwv!iubi‘mﬁf_as-uJi;‘r!‘al;:yc{u:navoﬂlq-lUr("t:?-'um?tﬁmﬁ

ot Zoost e mo meme

EELN

r
o

(%

Z92ZESYE20Z



2023453263



a2

an IVT infusion of nicotime (2-100 ug)i into the aterz) wvantpricle pesuliad in 2
prostnration- immonilization syndrom2 ia rats. This prost trasion synrdrome was
prevented or antagonized by IVT pretraatment with i'-Benzylnornicotine and' som2
piperidine derivatives, but mot by a variety of neurctransmitters or nsycho-
tropic ageats.

The purpose of the present study was to establish a more detailed profile
of the behavioral effects of IVT administration of (-)-nicotine.. The second
purpose of the study was to examine: the effects cf %wo nicotinic-cholinergic

blocking agents, mecamylamine and hexamethonium on: the bzhavioral changes

induced by the IVT infusion: of (-)-nicotine.

Experiment 1
FIXED RATIO SCHEDULES OF FOOD: PRESENTATION
The affects of IVT infusion of (-)-nicotine were tested on: behavier main-
tained under FR schedules of food‘presentation;

MATERIALS AMD METHODS

Subjects. FEight experimentally paive male albine rats (Holtzman Co., Madison,

Hiscomsi!n,‘between 90 and 120 days old and weighing between 130 and 230 g were
used. Amimals were housed individually and were aliowed food. continuously tor
three weeks, during witich time weights were recordad daily. The mean weights
were calculatzd from the last five davs of the thres weak pericd, aftar which

the mats were redUC°d\to 80% of their free-‘Teeding weights. These weights were

“periodicaliy adjusted to contro] for growth rate.

Rats wer2 anesthetized with ketamine (70 mg/kg/im) and sodium: pentobar-
4tal (18 mg/kg/ip) and a stainless steel cannuia (5220 DX rat cannula, David
Kopt Co.) was sterzctaxically inserted jnto: the left lateral ventricle (poster-

igr = l.1 wm from oragma, lateral = l.7 mm, varcicel = 3.1 mm fionr aer sk
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surface). The cannula was attached to the skull by acrviic cement and three

smalll set scraws.,

At the conclusion of all the experiments animals were sacrificed, perfused
intracardially with 0.9% saline, 10% formalin and then ‘nfused intraventri-

cularly with 2 ul of Blue Evans Dye. Brains were removed and sliced for veri-

ficaztion of cannula placement.

Aoparatus. Four jdentical operant cond1t1cn.nn‘fhaﬂbers (Lehigh Valley Elec-

tronics No. 143-25), each contained in a sound-attenuated cubicle (LVE No.

132-02), were: ysed, Located at one end of the chamber were two: levers (LVS No.

121-05), a pellet receptacle, 6 cue lights (lever lights), a speaker, Ehd a

hcuse light. N

Yith each: operation of the pellet dispenser, & single 45-mg Bio Serve food
pellet was delivered to the receptacle. White noise was constantly present and
an exhaust fan providad ventilation.
Procedure. Each rat was trained to lever press undar an FR 1 schedule for 2
single delivery of food. Over a two week peniod the ratio size was increased
to 16.. Daily sessions (Monday-Friday) consisted of twe successive 13-minute

pericds with a 5-miaute time -out (TO) after the first iS-minute period. During

the TO the rats were pliaced in a holding cage. Yhen response rates during the -

two 15-rinute periods were stable (lless than 10% variance in daily response

\

rate for both 15 minute periods over 5 sassions) IVT iafusions were begun. All

’G}l

infusions were civen during the last minuta of tihe and ¢he rats were immedi-

(%)

ately placed back in the operant chamber. Data from repetitive 15-min sassions
were collected until the response rates were within aoreinfusion levels. All

o the

[ 3=

nfusions werd separatad by 3-5 davs of stable raspensz rates. Under FR
rats were infused as foilows: i) 5 ul of 0.9% saiine 2) S ug of (-)-nicotine

in 5 ul of 0.9% saline. Following this the ratio size was increased to 32 and
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aftar stebilizatica of rasponse rates the rat.
(-Y-aicctine in 5 ul of 0.9% saline 2) 5 ui of 0.9% salin2 and 3) 5 ugrof {-)-
nicotine in 5Sui of saline. |

Subsaquentiy. Iever pressing was maintained under F2. 54 and the rais were

snfused with 5 ug of (-)-nicotine in S wl of € 2.8% saline.

Infusion Procedure. The jnfusion cannula was attachec by polyethylene: tubing

to. a 10 ul Hammilton syringe. The tubing: and cannula were flushed with G63%
athanol prior to veing filled with (-)-nicctine, Tne microliter syringe wa§
£i1led with 853 ethanol and was attached to she tubing by an 13-gauge nesdle.
A1l infusicns were given in a volume of 5 ul. Rats were restrained by wrapping
them in a cloth towel, leaving their heads exposed. Tne stylus was removed
from the cannula and the infusion cannula snserted. Solutioms were infused in

less than 1.0 seconds. Following the infusien the styius was replacad and the

rats were immediately placed into the operant chambers.

RESULTS AND DISTLSSICH

During non-infusion and saline. ccntrol sessicas, characteristic FR
response patterns occurred. ihat js, a brief pause was fcllowed Dy an 2brupt
transitien to & nigh rate ¢f rasponding that was maintained until the rztio was
completed (top panel Fig 10). Response rate: varied directly as a function of
ratﬁo‘size (mean =St responses per second under FR 15, 1.78 = 0.11; FR 32,
2.72 = 0,23; 7R 64, 3.23 0.87). Tae iztanzy tC zcmotete the first ratio
foliewing en IV saline infusicn under FR 13 and 32 was less than 30s; however,
iVT infusions of (-)-nicotine (Siugfs ul) increased the latency to compiete: the

firsy nratig (Fig. 11). The effect of YT infusicns of nicotine oa the Eatemqy

-4y

depended onimarily on the FR size, which resultad in differant response | rases.

The two nicotinz infusicas under FR 32 (7 day interinfusion interval) did aot. .

99285?9202

[}
¢
U
1|
1

v &\nwrlb TEA TloauT uTQo\m uph 4t uquao\ by vangkaoed w a caligague,

n;nn F (6 s 500" e s D B furttier e Tt 11 @

¥

,
i
!
\

) L




TRAINING

5 jag NICOTINE IN 5!

Figura 10. Cumul:tive pacords for a single rat maintained under FR 16 and 32.
-~2cerdad lever presses and zach cgwnward daflaction of the
stepping pen indicased a pellet delivery. The steooing penm reset automatically

after 400 rasgonszs., Arrows at the top of each record fadicate tha and of a 15

minute perfod. fNote the difference in latency to ccmpliete the first ratio

between FR 15 and 32 following a nicotine infusion.
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differ significantly from each other (df = 5 % = 0,64 p >0.1) in the latency,

suggesting that the decrease in latency with: incr2asing FR sizes was not due to
repetitive testing. ‘

Figure 10i contains cumulative records that shcw the pattern of responding
under FR 16 and 32, and the time course of the nicotine-induced nésponse‘sup-
pressicn: for a single rat. All rats showed similar patierns. Characteristic
responding can be seen under both ratios during baseline and saline control
conditions. iote the longer latency to the first cemﬁieted ratic under the FR
16 schedule. -

E
Experiment 2 .

BEHAVIOR MAINTAINED UNDER AN FR' 32 SCHEDULE OF FUQD PRESENTATICN

In this experiment the ratio was. neld constant and various: doses of (-)-
nicotine were administered.

Subjects and Apparatus. €ight experimentally naive albinc rats were maintained

under the szme conditions and tested ia the same apparaius as described in
Experiment 1.

Procedurs. The rats were trained to lever prass for a 45 mg Tood pellet under
an FR 32 schedule. Uhen rasponse ratas were stadble (less than 10% variance in
daily rata for both 15 min periods over 5 sessicns) IVT iafusions were begun.
A1l infusions were given during the 5 minute TO: period anc ssparatad by 7 davs.
Rats wera fastad with nicotine doses as follecws: 2.5, 1.25, 0.525, 0.312, 3.G,

and 10 pg of (-j-nicotine in a censtant veiume of 5 ul of saline.

RESULTS: AD DISCUSSION

Increases in nicotine dose led to increases ini the latency to complete the

first ratio (Fig 12). At the lowest dose tested respcnse latencies were aot
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FIXED RATIO SiZs

Figura 11 gfTects of saline and nicotine {5ug) infusions on the average

‘ - i
POty

latency to complete the first ratio under FR' 15, 32 and 64 schedules of food
presentation. -Each bar represents: the averags latency (N=8) and verticzl Tines

show the standard error. 3Solid bars show salina infusions and open bars nico-

tine i{nfusions.
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(0.625 and 1.25 ug) the respense latency increased to ebove saline-infusion
levels. When the 2.5 ug dose was infused, the mean latency increased to §.8
minutes (& 2.2). The two highest doses (5.0 and 10.0 ug) produced. the longest
latencies. Three animals were not. "tested at these doses due Lo blockage in the
cannulae.
‘Experiment. 3
NICOTINE IM COMBINATION WITH MECAMYLAMINE OR HEXAMETHONIUM.

In a number of studies of discriminative stimulus properties of nicotine
fn rats pretreatment. with mecamylamine consistently blocked the nﬁcotineveﬁa
fect, whereas. hexamethonium did not block the e}fect‘ at any dose tested
(Morrison and Stephenson 1969; Schecter and Rosecrans 1971; Hazell et al.
1978). In addition, mecamylamine‘but‘not‘hexamethcnﬁum‘b]ocked the behavioral
effect of nicotine in monkeys maintained under a multiple FI-FR schedule of
either termination: ¢f a stimulus associated with alectric shock or presentation
of food (Spealman et al. 1981). Qur third exgeriment comparad the behavioral
effects of IVT administration of nicotine in combination with eitiaer mecamyl-
amine or hexametnionium on responding maintained undé% an FR 32 schedule of foed’

presentation.

Subjects and Aoparatus. Ten experimentally naive rats woere maintained under

the same conditions and tested in -the same: apparatus &s described in Experiment
1. P

Procadure. The rats were trained to levar press for 2 45 mg food pellet under
an FR 32 schedule. ‘Yihen responsg rates were stabie (less then 10% variance in
daily response rate for both 15 minute periods: over 5 sessions) IVT infusions
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"

NICOTINE ( pg#Sel)

Figure 12. Latency to complete the first ratio as a function of nicotine dose.

€ach point from 0.312 to 2.5 ug is a mean of 8 animais. At doses of

10.0 the points are means:

[

e

G and

of 5 animals. Brackets indicate the standard erraor.
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i

were bagua. A17 infusions were given during the

days. Five rats were administaered the feilowing s2quence of injaciigns: v
saiine, 5 ul of 0.59%, 2) saline with a preseassion injection of macamyigmine,

1.5 and 3.0 mg/kg/sc 5 minutes pricr to the firet 15 minute: geriod, 3) (-)-

nicotine, 10 wg in 5 yl, 4) {-)-nicotine, 10 wg in 5 ul with a presassion
injection of mecamylamine, .03, 1.5 and 3.0 mg/kg/sc, and 5) (-)-nicotine imi 5
ul of saliine..

The remaining Five rats were maintained! under FR 32 and tested withi pre-
session injections of hexamethonium: chloride (0.05, 1.5 and 3.0 mg/kg/sc given
10! min prior to a 10 ug infusion of (-)-nicotine. All tests were sapa-ra%d by

a 7 day intervall.

RESULTS AND DISCUSSION

Saline infusions with or without mecamylamine pratreatments had Tittle

effect on the latency to complete the first ratio (Figure 13).. There was no
significant difference between saline and saline-macamylamine combinations (at
1.5 mg/kg/sc, df=4, t=1,29 p>.1l; at 3.0 mg/kg/sc, df=4, t=1.97 p.1). The

average latency to the first completed ratio foilowing a 10 ug IVT infusion of

(-)-nicotine was 13 minutes (=1.5 min). Presessicn injections of mecamylamine

biocked the effect of nicotine in a dose related fashion (Fig 13). Injections
of mecarﬁy]‘amn’ine (0.05 and 1.5 mg/kg/sc) decreasad tha laiency by 40 and 84
percent. respectiveiy. In foum of the Five animals :asted, mecamylamine (3.0
mg/«g/SC) complataly blocked the effect of IVT nicetine (saline ys 3.0 mg/kg/
mecamyiamine and nicotine, df=3, t=1.53 p>.1). For cne rat mecamylamine at
#his dosa did not completely block the effect an¢ tie latency was 4 @in 30 s.

Mo explamation is
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‘apparent as to why this rat's ovehavior differed from the.
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latency to coemplete the first ratio under FR 32 scheduie of

3

Solid bars siow. the mean (H=3) latency foilowing a saline

without mecamylamine pretreatment. Open. bars show nicotine

¥ picotiine cm the
food presentation.
‘afusion with and

infusions. Verti-

cal lires show the standard ervor. The hatched bar shows. the mean latency with

aberrant animal {ncluded.
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others. Ail rats wer2 given a nicotine retest and zheir Tatenciss did not
differ from the origimal nicotine test vaiue (Fig 13;.

In contrast. to the nicotine induced changes in latency, subsaquent
rasponse rates did not show any systematic changes following any experimental
manipulations, s:ggesting that when recovery cecurrad. it was complete.

Unlike mecamylamiine, hexamethonium at doses of 0.5 and 1.0 mg/kg/sc tailed
to block the latency to lever press. (Fig 14) However, at a dose of 3.0
mg/kg/sc there was. & partial antagonism of the nicotine 7induced tiatency
changes. Penetration of hexamethonium inte the brain is limited (Taylor {930)
but not excluded, and it is likely that at the hignest dose given amounts ﬁuf-
ficient. to produce a partial antagonism did cross ;he blood brain barrier.
Nicotine retest values without a preinjection of hexamethonium did not differ

frcm the original nicotine test values.

GENERAL DISCUSSION

Responding by rats. was maintained under various FR schedules of food pre-
sentation. Under these conditions the duration of the effects of IVT adminis-
tration of nicotine extended far beyond the: observed time course previously

reported (Abcod et al, 1978, 1979). The latency to complete the first ratio
following a nicotine infusion was inversely related to the ratio size. The
similarity betweesn the latencies observed frecm the nicotine infusion under the
FR 32 schedule suggests that the effact of ratio size on the: nicotine inducad
Jatency changa was not secondary to repeiitive nicotine testina. This Tiading
is similar o that previously reported (Abced 2t al. 1978).. These autaors
shcwed that tdlarance to the behavioral effects of IVT nicotine weuld deveiop
‘after chronic nicotine infusions (i.e., infusions on 6 consecutive days), but

that oemavior ratings returned to initial leveis wi*hin 2 days folliowing tihe

:
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Figure 14. ntagonism by hexamethonium of effecis cf nicoctine on the: latency
to ccmplete the first ratio under FR 32 schedula of food presentation. Solid
Sars show the mean (N=5) latency following a saline infusion with and without
hexamethonium preireatment. Open bars show nicotine infusions. Vertical lines

show the standard error.
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last infusion. The interinfusion intervai in the presant study was 7 days, and

tolerance %o the effects of IVT nicotine was a0l oosarvad., during the nen-
jnfusion and saline control sessions, characteristic FR response paiterns were

obtained. Rates and patterns of responding follcwing recovery from a nicotine

“infusion did not differ from control values. One major difference between

each of the ratio schedules was that the response rate was dire&tiy related to
the FR size. This would suggest that the effects of IVT nicotine arz largely
dependant upen the rate of emitted behavior.

As. the dose of nicotine was decreased the latency decreased and gor-
responding changes were noted in the observed prostration to a dose of 1.2% ug.
The present data is in contrast with that of Abood and co-workers. (1979) which
demonstrated a monotonic dose-response function for 2-10 ug of IVT nicotine.
An explanation of the difference between the two sets of data is that in the
present. study a more sensitive measure of behavior was used from which the dose
response curve was obtained and doses as low as 0.312 pg were tested.

The behavioral effects of systemically administered nicotine in combina-
tion with nicotine antagonists have been examined pravicusly in both monkeys
(Soealman et al. 198l) and' rodents (Morriscn et al. 1969; Stitzer et al.
137C). Inl the present study, doses of mecamvlamine that had little or no
affect on responding when giVenwa]one:blocked‘behaviorav effects of IVT nico-
tine. Prasession treatment with 0.05 mg/kg of mecamylamine reduczd the nico-
tine inducad latancy changes: by 40%, and as the dose was jncreased to 1.5 and
2.0 mg/kg latency measures approached control values. ‘Yhen nicotine was again
administerad alone the latency values returned to the previcus nigh levels.
Since mecamyﬁgmine precduces gangiionic blockade ty occupying chclinergic recep-
tors our results suggest that the effects of Vi infusions of nicotine may be

mediatad by nicotinic-cholinergic mechanisms. Thesa resulits are not ccmpativle
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with previous studies that have examined d¢iffarest bahaviors. Aocod et ai.

ruT
e

(1975, 1979) have suggested that the prostration syadrcme saen fcllowiing

infusions of nicotine may not be mediated by cholinargic mechanisms.  An
explanation for the different resuits between tihe studies is not apparent frcm
a comparison of the procedure.

Balike mecamylamine, hexamethenium (0.5, 1.0, 3.0 mg/kg) failed to biock
the effact of IVT nicotine on the latency changes in the FR schedule. It
should be noted that at the highest dose: tasted (3.0 mg/xg) a partial antago-
nism of <he effects of nicotine on FR responding did occur. Altﬁgugh
hexamethoniun does not readily penetrate the central nervous system (Mcqisac
1962), it is likely that at this high dose enough 1s\penetraming:to produce a
partial effact. Since presession treatment with macamylamine blocked the
behavioral effects of nicotine and hexamethonium did not, it would appear that
the effacts of IVT nicotine infusions on behavior maintained under FR schedules
reflect central effects of nicotine on cholinergic sites.

The present findings are compatible with previous reports that mecamylia-
mine is effective in antagonizing the discriminative stimulus effects of nico-

tine (Morrison and Stephenson 1969; Schecter and Rosacrans 1971; Hazell et al.

1978), and that high doses of hexamethonium: (10.0-20.0 mg/kg) can partially

block the effects of 0.4 mg/kg of nicotine in rats responding under an FI sche-
dule of water presentation (Stitzer et al. 1970).

S.  ANTAGOMISM OF CHMRONIC NICOTINE ADMINISTRATION: EFFECTS. ONM SCHEDULE-

CONTROLLED BEHAVIOR IN RATS

Employing the principles. of operant conditioning in crder to evaluate
physiological “dependence on nicotine in anmimals is of particular interest
since, as yet, there have been no demonstrations of aither nicotine Stolerman,

et al., 1973) or tobacco (Jarvik, 1967) withdrawal in animals, even folicwing
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preicnged exposure to these substances. Overa’i, the effects of nicotine cn
scheduled-contrellad behavior have been studied tess extensively then other
commealy used ccmpounds. Most sthies have investigatad the acute behavicral
effect of nicoiine in rats (Morrison, 1969; Ando, 1575; Ceiloble 2t ai., 1982)
or mecnkays (Spealman et al., 1981).. Less s kncwn about the termimation: of
chronic nicotine administration on scheduled-controlled behavier.  Chroniic
administration of a variety of psychcactive agents resuits in physical

S

(physioiogical) dependence (Deneau, et al., 1569). Physical dependence i
generaliy characterized by abstinence signs when drug intake is _ibt?pt!y
terminated or when an antagonist is administered (iMartin, 1567). Investi%itors
in several laboratories have shown that behavior maintained under various sche-
dules of reinforcement. is highly sensitiva to théi effects of chronic drug
administration and withdrawal, and drugs from a number of pharmacological
classes have been 1nvestigated (DeNoble and Begleitar, 1976).

In rasearch rzported here we investigated the effects of antagonism of
chronic nicotine administration on lever pressing by rats maintained under a
multiple fixed-ratio fixed-interval (MULT FR Fi1)} schedule of food presentation.
Our results show that antagonism of chroniically infused nicotine administration
does. not disrupt scheduled-controlled behavior.

Twenty-four male hooded rats (Blue Spruce Farms, 360-4i0g) were divided
.nto three arcups. Rats were reduced to 85% of their free feeding weights and
trained to lever press for a 45 mg food pellet (8ic-Serve Inc., N.Jd.}. After
lever gressing was established, responding was maintainad under a MULT FR 30 FI
120 sec. schedule, with a 60 sec.. time out (T0) following the FI component. A
single white .light over the response lever was iliuminated during the FR
componant,, and two red lights over the response lever were jlluminated during

the FI ccmpenent. DJuring the TO all lights were extinguished and rasponses had
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no orogrammed consequence. The components alternated at Tocd <delivery and
sessions lasted until 11 food pellets were obtained im th2 FR component. Rats
were trained under the multiple schedule for a minimum of fourteen weeks in
order tc stabiliiza responding. The last.ﬁhree days. of %his training period
served as control sessions (phase 1). Ouring pnase 2 a baseliine was collected
which consisted of three testing periods obtained within a single: day (repeti-
tive runs). Each: nun was separated by a 40 minute interval. Ouring phase 3
(10 days after phase: 2) data were collected' from three ragetitive runs as pre-
viously dascribed in phase 2; however, 20i minutes prior to the first and-third
runs the rats were injected subcutaneously with mecamyliamine HCI (1.5‘mg/ﬁ§).
In phase 4 (10 days later) the rats were anesthetized with ether, and an osmo-
tic minjpunp filled with (-)-nicotine (free base diluted in saline) was inser-
ted subcutaneously between the scapulae. Nicotine wes infusad subcutaneously
for 240 hours (0.5 wl/hr) delivering daily doses of 8.0 mg/kg (group 1), 12.0
mg/kg (group 2), and 16 mg/kg (group 3). After 240 hcurs of continuous
(-)-nicotine infusion the rats were challenged (phase 5) with the nicotinic-
cholinergic antagonist macamylamine as described in phase 3. Mecamylamine has
been shown to pdloci the behavioral effects of (-)-nicotine im both rats
(stitzer, et al., 1970; DeNoble, et al., 1982) and monkeys (Speaiman, et ail.,
1981). Blood samples (450-1000 ul) were collected from the dorsal digital vein
in the hind paw under ether anesthesia the: day befcre and the day after the
m2camvlamine challenge. The animals were tasted fer an additisnmal ‘20 days
(phase 6) after which the pumps were removed and inspacted for rzmaining nico-
tine. Betweeﬁ phases the animals were tested in single daily sessions.
Characteristic performance was maintainad under the MULT FR FI schedule.
When the light signailiing the FR component was illuminated, rats emitted a high

rate of rasponding tnat was maintained until 3C r2sponses were compieted. In
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the FI component, 2 period of little or no respending 2t the secinnfng of the
120 sec imtarval was followed By accelerated responding shat was maintzined
untill a response ended the interval. Responding during TO was lass thanm 1% of
tha total responsas emitted during the session.

Quarter life values for the FI component, rasponse rates in the FR compen-
ent, and response rates: in the last 25% of the FI component were used to
examine the effects of chronic nicotine administration and its termination.

The introduction of the osmotic minipump containing f-Y-nizotine signif-
icantly altzrad respense rates under both comsnent scheduies, but there were
no differential effects of dose on efth. ... or FI response rates and no g}g-
nificant dose x day interactions (Figure 15). FI rates significantly decreased
on the first day cf nicotine exposure but returned to contrnl levels by day 2
- and remained stabie tHroughout the remainder of nicoﬁime phase. FR rates also
dacraased on day 1 of nicotine exposure but this effect fajled to achieve sta-
tistical significance. Beginning on day _3; FR rates were significantly
elevated on 6 out of 8 of the remaining nicotine davs. It is unliikaly that the
changz in FR respcnse rates were dependent upon the ebsoluta rate of responding,
sinc2 FI rataes wear2 similar and were not changad attar day 1 of phase 4. The
decrease in rate under both schedules on the first day of phase 4 mavy be due to
the introducticn of nicotine and/or the surgery tc insert the Gsmotiic ainipump.
dowever, the significant increase im FR rate is mos: likely dite to nicotine.
Sinca Fl rates did not change, the increase in rate under the FR schedile
appears to be schedule dependent. FI quarter 1if2 values were not aitered by
nicotine administration.

Figura 16 shows how performance under tie multiple sciteduls varied as a
functien of phaéé.' Analysis of FR response rate showed a signdficant effect of

phasa while the effect of nicotine dose and the nicotine dose x phase inter-
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FIGURE 15:
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Pesponses per second in the FR (solid symbois) and the last quarter
of the FI (open symbols) are shown as a function of the control ses-
sions and the ten days of chronic nicotine treatment. The control
point isia mean of 63 data points (3 groups N = 21 x 3 days) and the

remaining points represent a mean of 21 data points {3 groups, N =

21 x 1 day). Vertical lines show the standard error.
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action wera ret sigpificant. Subseguent t-tesis ravnalad that chronic nicoztine
treatment increased FR rates. Rates increased from 1,15 = J.12 during ceniroi
sessions to 1.42 £ 0.13 responses. per second du~ing nicotine sessions. The
mecamylamine challenge significantly dacreased FR: response rate, rajative: to
the last thrae days: of nicotine exposure, %o 9.82 = 0.09 rascponsas per second.

Subsequent to tie mecamyllamine challenge FR nesscnse ratas were again signif-

jcantly elavated for the remainder of the sxoeriment (last 10 sassions). -

Figune 16 shows: that FI performance was not alterad during any condftion,
‘ngliuding mecamylamine challenge.

Multipie ion detection analysis of nicotne in. blood (gas chromatogragh/
mass spectrometer) was performed on samples: collectad both before and. aften the
mecamylamine challenge. The data show that levels of niicotine present in blaod
botH bafore and affer the mecamylamine challenge were similar, and that the
blicod levels: [ng/mll blood) varied directly with the daily nicotine dose (8.
mg/xg/day: X = 2.28 = 0.07 SE, 12 mg/ikg/day: % = 4,08 = 0,81 SE, and 16
mg/«g/day: X' = 6.21 0.63 SE)..

The results of this. expeniment. show. that blocking nicotine's central ner-
vous systam actions following chronic ndcotine trcatment does not. result. in a
disrumcion of scheduled-controlled performanca. Such: behavior has been shown
to be sensitiva to physiological dependanca: (Schuster and Zimmerman, 1961;'
Deilosle and 3egleiter, 1976). Others: have alsoinoted that termination of pro-
longed 2xposura: %2 nfcotine or tobacco ($zolerman, st al., 1972; sarvik, 1967)
doas not rasult in a withdrawal syndreme iin: animais.. However, the available
data witd human subjects suggests a series of withdrawal signs and sympicms
{Sniffman, 1979). inca the kinds of symptoms reported and the: temporal
pattern of these symptoms are not. consistent across studies ar between

indfviduals within a study 1t {s' nat necessary that the sympteoms: reperted
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treatment increased FR rates. Rates incre2assd from .15
sessicns to 1.42 = 0.13 responses per second during nicotine sessions. Tha

=n

mecamylamine challenge sianificanmtly dacreased 7% response ratz, reiative ta

(=]

the last thrae days of nicotine exposure, to 9.82 = 0.09 re2<ponses per second.
Subsequent to the mecamylamine challlenge FR resncnse ratas were again signif-
fcantly elevated for the remainder of the axoperiment (last 1C sessions).

Figure 16 shcws that FI performance was not altered during any condition,

inciuding mecamylamine challenge.

Multiple fon detection analysis of nicotine in dDlood (gas chromatograch/

mass spectrometer) was pertormed on samples collectad both before and aftar the

mecamylamine: challenge. The data show that Tevels of nicotine present in blood

both bafore and after the mecamylamine challzance were similar, and that the
blood levels {ng/ml blood) varied directly with the daily nicotine dose (8

mg/xg/day: x = 2.28 = 0.07 SE, 12 mg/xg/day: % = 4.08 % 0.81 SE, and 16
6.21 £ 0.63 SE).

]

mg/kg/day: X
The r2sults of this experiment show that blocking nicotine's central ner-

vous d¥stam actions. following chronic nicotine trcatment does not result in a

" 2= .
disrugtion of scheduled-controlled performanca. Such behavior has besn shown

to be sensitive to physiological dependenca (Schuster and Zimmerman, 1961;
DeMesle and 3egleiter, 1976). Others have aliso ncted that termination of pro-
longed e2xpesure i3 nicotine or tobacco (Siolerman, et al., 197Z; Sarvik, 1867)
doas: nof rasult ia a withdrawal syndrome in animais. However. the available
data with human subjects suggests a saries of withdrawal signs and symptoms
(sniffman, 1979). Since the kinds: of symptoms reported and the temporal

pattern of these symptoms are: not consistent across studies or between

individuals within a study {t is. not necessary that the swmptoms reported
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FIGURE 16: Quarter 1ife values, responses per second ia the FR, and responses

e i

per sacond in the last quarter of the FI are shown as 2 functica of
_the: six phases. Phase 1 control sessions were the last 3 days of
the fcurteen wesk. training period. Phase 2 reprasents 3 repetitive,
runs on a single day. Phase 3 consisted of 3 repetitive runs on a
single day with presession injecticns cf mecamylamine HCl. Phase 4

represants 3 days prior to the macamylamine chailenge of nicotine.

Phase 5 represents the mecamylamine challenge and phase 6 the last 3
days of the experiment. Each: bar represents a mean of 63 data
points (3 groups N = 21 x 3 data points from each animal}. The
vertical lines show the standard error.
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ragreseat 2 physiologicall dependence. Instzad, the absance of a withdrawaﬁ
syndrome in this and other animal studies (Stolerman, et ai., 1973; Jarviv,
1969), combined with the lack of consistency in the: dat2 onm humans suggasts a}
more' general interpretation, such as: a Tearniing, mechani'sm whereBy. the inter-
ruption of aiwell iearned response that leads to: positive reinforcement rasults
in a variety of BSehavioral and physioliogiicail changas whizh ara reponted by

humans. and are: interprated as withdrawal symptoms.

6.  EFFECTS OF MICOTINE OR. ACETALDEHYDE ON_BEHAVIOR INDUCED BY REINFORCEMENT

ALSSIONS (FRUSTRATIVE NON-REWARD)

Research with humans or smoking and fts effects on mood alterations: has
‘produced. equivocal results. The hypothesis that nicotine ameliorates the
effects of a negative emotional experience: Has been academically entertained,
but has not received much: experimental attentien. Qur goal is: to develop an
animal modef from which the putative role of smoke: companents in: moodi altera-
tion can be rigorously assessed. The paradigm we chose is modeled after the
frustnrative non-reward experiments developed by Amsal between 1950-196Cs.
Studies of the 1nf1uence‘o} the benzodfazepines on Sehavioral responses to non-
reward ara2 consistent ini showing an attenuation of these responses. In other
words,, they "calm! the animal,

Twelve: male hooded rats weighing between 350-400g were used. The animals
Were noused! individually and were gradually raduced o 80% of their free féad:

irg bedy weights. CSacd rat was. tastad in 2 siandarc eserant aenditioning

€

chamber and. 2ach: chamber was housed fin: @ sound-attenuatad cubigle, With each
operation of thHe peilet dispenser, a single 45-mg Bio Serve: food pellet: was

d211vered to the raceptagle.
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rzpresent z physiollogical dependenca. Instzed, the absence of a witicdrawal
syndrome iai tiis and other anjmai studies (Stelerman, et ai., 1973; Jarviv,
1969), combined with tha lack of consistency in the data on humans suggests a
more general interpretation, such as a Tearning mechanism whareby the inter-
ruption of a well learned response that‘lejds to positive reinforcement results

in & variety of behavioral and physioliegical changas which are nreported by

humans and are interpreted as withdrawal symptoms.

6.. EFFECTS OF MICOTINE OR ACETALDEHYDE ON BEWAVIOR INDUCED BY REINFORCEMENT

-

OMISSIONS (FRUSTRATIVE NON-REWARD) ;

Research with humans or. smoking: and its effects on mood alterations has

produced equivocal results. The hypothesis that nicotine ameliorates the
effects of a negative emotionall experience has been academically entertained,
but has not received much experimental attentica. OQur goal is to develop an
animal model from which the putative role of smoke comporents in mood altera-
tion can be rigorously assessed. The paradigm we chose is modeled after the
frustrative: non-reward experiments developed by /Amsal between 1950-15950Cs.
Studies: of the influence o} the benzodiazepines on behavioral responses to non-
reward are consistent in showing an attenuation of tiiese responses. In other
words, they “calm!' the animal.

Twelve male hooded rats weighing between 350-400g were used. The animais

were noused individually and were gradually raduced tc 80% of their free feed-

ing bedy weights. Sach rat was testad in a standarc eperant ceaditisning

chember and: each: chamber was housed in a sound-2itenuetad cubicle. With each
operation of the peilet dispenser, a single 45-mg Bio Serve: food pellet was

d2livered to the raceptacle.
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Eachi rat was trained to lever press under an FRi schedule for a siagie
delivery of foodl  After FR1 training, responding was maintained under a
multiple FR25 DRL 15 sec. schedule. A single whita light over' the: rasponse
lever was iliuminated during the FR component, &nd two red lights over .the
respense lever were illuminated during the ORL compenent. The components

alternated at food delivery and the sessidn lasted until 35 food pellets were

obtained in the FR compunent. The animals were trained for 15 weeks before

food omission baselines were obtained. At wee¥ly intervals two correctly
emitted responses were not reinforced, that is, the food pellet was not
presented but the lights were changed to signal the other schedu]e E?S in
effect. This procedure jnduces behavior that is counterproductive to obtaining

the next reinforcer, and 1{s very reliable. e examired the effects of

presession injections of (-)-nicotine (0.1, 0.2, 0.4, mg/kg/sc) and
acetaldehyds (1.0, 5.0, 10.0, 15.0, mg/kg/sc) on the behaviors induced by the

reinforcer omission.
The results show that (-)-nicotine, at the doses tested, had no effect on
the induced benaviorall change. However, acetaldehyde reduced the disruptive

effects of food omission. In additiocn, this effect was dose related.

This experiment is still in progress and additional data will have to‘bet

cclilected befora any major conclusions can be stated.

7.  GENERALIZATION OF THE [INTEROCEPTIVE CWES PRODUCED BY (-)-NICOTINE TO

The discriminaticn testing continrues to Se a routine screen for behav-
iorally active nicotine analogues. However, several additional tests are now
being empﬁoyed to better characterize the activity of nicotine analogues. Tae
“standard" discrimination test only provides us with a yas or no answer. THat

is5, 1t fis efither nicotine like or 1t's not. With the development of more

44
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sensitive measures, the relative potencias between the nicoline anaicgues: and

the duration of the effect in the central nervous system can naw be determined.

GENERAL‘PRQCEDURE
ANTHALS
Experimentaliy naive male albino raﬁsr(Hoszanm.Co., Madiscn, Wiscensin),
between 90 and 120 days old and weighing: between 190 and 230 g were used.

Animals were housed individually and were allowed food ad 1ib for 3 weeks

during which time weights were recorded daily. The mean weighls wera calcu-

Tated from the last 5 days of the 3 week period, after which the rais® were

reduced to 80% of their free-feeding weights. Thase weights were period%%a]]y

~

adjusted to control for their growth rate.

Two identical apen#nt‘conditiunﬁng chambers (Lehigh Valley Electronics No.
143-25), each contained in a sound-attenuating cubicle (LYE No. 132-02), were
“used. On one end of the chamber were two (A and 3} levers (LYE Mo, 121-08), a
pellet receptacle, six cue lights (lever iights), a speaker, and a house liiight.

With each operation of the pellet dispenser, a single 45-mg Bio Serve food

pellet was delivered to the receptacle. While noise was constantly present, an:

exhaust “fan provided ventilation. Programming and data coliection were

controliled by electromechanical equipment and a Honeywell CPY computer..

TRATNRING: PROCEDURE

Rats were trained to lever press for food reinforcament. Half of the: rats

agre iaitially trained to press lever A with lever B inactive and the other

halt¥ werz inittially trained to press lever 8 with lever A inactive. In
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subsequent training sessions, the contingency for reinforcement was switched to

e

th2 rats were given aquel

>

[4

the cppesites lever. A1l sessions were 15 minuses and
training on both: levers. After the rats wera trained tc press either lever
under a fixed ratio 10 (FR10) schedule, discrimination training was begun. Tie

rats wer2 injected subcutaneously five minutas prior to each session with egual

.volumes of efther 0.4 mg/kg/body. weight of (-)-nicotine or saline (0.9%). For

half of the animals lever A served as "k-)-nﬁcotiwe corract” and for the other
ha1f lever B served as "(-)-nicotine correct." Injections of (-)-nicotine and
salina alternated daily for the first four sessions, then the compounds were
injected according to a double alternation schedule. The first completéﬁi?tio
after placament into the experimental chamber was recorded and determined the
response as correct (injectien lever coincidence) or incorrect (injection
opposite lever). Testing procedures for nicotine analogues were begun after 15
sessions {in which "injectfon correct" responsas were 100% of total for the

first completed ratig.

TESTING PROCEZDURE

Cecmpounds were tested for generalization to nicotine during a sessicn in
which no reinforcements were available. These testing sessions lastad until

the first ratio was complete on either lever or until S minutes lapsed. There

was a minimum 3-day intertest interval between tests for generalization to the

nicotine cue. In addition, 76% of the *otal numdzr of rasponses faor the firs:

ratis -2d to cccur on the injection correct lavzr during these three days.

COMPOUNDS

-1

ATl doses were: calculatad as free base and dissolved in saline. Alll

injections were given as equal volumes.
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During the period of this report we have tested the ccomoounds listad in

Teble 1. AlT of these compounds wera tested at a number of dosa Tevels and we

are beginning to davelcp structure - activity reiaticnships.

TABLE 7 |
DISCRIMINATIVE PROPERTIES OF NICOTINE AND RELATED COMPOUHDS

| bose & NICOTINE

COMPOUND AT EACH DOSE (mg/kg). LEVER CHOICES

0.57 90 _ .

(-)-Nicotine* 20 0.4 : 100§
0.2 . 95
0.1 35
0.05 20
(£)-Nicotine* 20 1.14 55
0.8 95
0.57 100
0.4 95
0.2 25
(+)=iticotine= 20 16.0 65
3.0 95
5.7 40
3.2 25
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TABLE 7 {Ccntinued)
DISCRIMINATIVE PROPERTIES OF NICOTIHE AND RELATED. COMPOUNDS

N DOSE % NICOTINE
CCMPOUND AT EACH DOSE (ma/ka) . LEVER CHOICES .

C 6.0 ke ' VI

wm

(4);5-Ié6pfopylﬁiésmiﬁe
4.0 0

- e

(-)-6-Toutylnicotine 4 6.0 ok

(-)-6-Ethylnicotine* 9 4.0 Debilitating

1.0 Cebilitating
0.4 Depilitating
0.3 29
0.25 14

(-)-6-iiethyinicotine? 27 2.4 Debilitating
0.2 44
0.1 21

gg‘
“ 0.05 0 !
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TABLE 7 (Continued)

DISCRIMIMATIVE PROPERTIES OF NICOTINE AND RELATED CCMPQUNDS

N DOSE % NICOTINE
COMPOUND AT EACH DOQSE (mg/xg) LEVER CHOICES
+)-6-Hethylnicotine* 5 8.0 100
4.0 g0
2.0 25

*Discrimination is blocked by mecamylamine (1.5 mg/kg/sc) given S5 minutes p\r?
to sessfon but. not by hexamethonium (1.0 mg/kg/sc) given 5 minutes prior %o
session.

N

(-)-6 choromethylnicotine 4 ' 0.4 Debflitating
0.2 Debilitating
0.2 . 0
(-)-3'-4'-Dehydrcnicotine~ 8 0.8 Debilitating
0.4 100
8.2 80
g.1 75
(-)-6-Hydroxymethyvl* ‘ 8 3.2 Debilitating
.2 50
0.8 57
p 0.4 )
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TABLE 7 (Continued)
DISCRIMINATIVE PROPERTIES OF NICOTINE AND RELATED COMPOUNDS

N DOSE % NICOTINE
COMPOUND. AT EACH! DO3E (mg/kg) LEYER CHOICES

-)-6-Cyclopropylinicotine* 5 3.2. 100
1.6 0
c.8 12.
0.4 1
0.2

wey 7
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DOSE RESPONSE CURYVES

Twenty rats were tested with (-)-nicotine (.57, 0.4, 0.2, 0.1, 0.05
mg/kg) (z)-nicotine 16.0; 11.4, 8.0, 5.7, 3.2, 2.8, 1.6, and. 1.14 mg/kg). Each
dose was administered twice.

Figure 17 shows the dose respons2 curve genaratad for each cempound.
Overlaping {unctions were found for (-)-nicotine and (£)-nicotine. At a dose
of 0.4 mg/kg/sc each compound produced maximal nicotine correct responding.

The dose of (+)-nicotine that produced similar respending was 29 times higher

(8.0 mg/kg). These dose respoase curves are proving to be very valuablle in the
—

assessment of nicotine analogues. g
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Fiqure 17: Nicotine responses as perceat of control is oresentad as a functicn

of dose. Each point is a mean of 20 data points (10 rats x 2 tests g
at’ each’ dose). Doses war2 presented in ascending series and the 8‘
rats were tested with 2, ¢l and d nicotine respectively. '81
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8.  INTERACTION BETWEEM BEHAVIORAL AMD METABCLiC TOULERANCE IN RATS

FOLLOWING PROLOMGED (-)-NICOTINE EXPOSURE

Tolerance to a substance is defined as a diminished evfect with repeated
administration. Tolerance may be a result of pharmacokinetﬁc‘fattors which
alter the effective concentration of the active acgant at fne recentor. Thesz2
factors: include altered absorption, distribution, metatolic or elimination
mechanisms.. Tolerance may also result from a decreased sensitivity of the

receptor even though the concentration of the active agent at the receptor is

unchanged. Together, tHese two mechanisms comprise what is termed

“pharmacological” tolerance. ~ :ﬂ

There 1s am increasing number of studies in the behavioral pharmacogbgy
1iterature indicating that the development of tolerance to a number of
compounds. may also be ‘influenced by certain -behavioral (i.e. learning or
performance) factors. Thus, the develogment of tolerance to the behavioral
effects: of a compound may depend on the behavior in question and/or the
specific behavioral alterations produced. "“Behavieral™ tolerancz, then, exists
when such relatiicnships can be fdentified. Cne factor that influences the
development of tclerance is whether or not a compound disrupts ongoing behavier
in such a way as to alter the frequency or rate of reinforcement delivery. If
a ccmpound’ produces a loss of reinforcement, then tolerance is more likaly to
occur (or;at least occur more rapidly) than when meiaforcaement frequency is not
altered, |

That tclerance occurs to some of the behavicral effscis of nicotine in
animals following repeated administration 1s well documented. In many studies
this appears to te one or more forms of pharmaccliegical tolerance. ‘hether
behavioral fctors ‘are important. in the development cof tolerance 2o nicotine. is

unknown.
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To address this question, two groups of rats (n = 7/aroup) are resconding

under a fixed-ratio 32 (FR32) schedule of food presentation. Follawing stable
day-to-day performance and the determination of acute (one or' two injections
per week) 2-nicotine dose-effect functions, single daily injections of nicotine
will be: administered (chronic administration phase). The dose of nicotine to
be: administered chronically will be determined from the acute dose-effect
function as one which produces a marked (> 50%) reduction in the noninjection
control frequency of reinforcement. One group of rats will receive the chronic
dose of nicotine before daily test sessions (the Sefore group) and the other
group of rats will receive chronic nicotine after daily test sessions—(tthe
After group). Daily nicotine administration will continue until the 8efé?e
group no longer shows behavioral disruption (i.e.. tolerance), a peniod
estimated to take from 2-4 weeks. Following the development of tolerance to
nicotine in the Before group, the After group will receive the chronically
administered dose of nicotine Before the experimental session to determine if
tolerance has also developed in this group.

With the Before-After parodigm both groups ¢f rats will receive exactly
the same: arantity of nicotine on a day-to-day basis. Wnat will vary, however,
are the nicotine-induced behavioral alterations experiancad by the two groups
of animals. The Before group will experience nicotine-incuced disruption of FR
performance, including Toss of reinforcement, while the After group will not.
If loss. of reinforcement is a critical factor in the development of toleranca
to nicoting, then the After greup is not expected to shew tolerance when, or a%
least to the dagrae that, the Before group' does.

If the After group shows no evidence that tolerance to aicotine developed,,

——

then the chronic nicotine dosing ragimen will bSe repeatad For this groue, only

this time nicotine will be administered before the datly test session unti]
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tolerance davelops. The time course for tolerance development nere can be
Compared to that cbtained with the original 2efora group to further verify that
the experience of nicotine-induced refnforcement loss is an important mediating
factor. Additionally, since tolerance impiies that a shift in the dose-
response function to the right has occurred, additional higher doses of
nicotine will be administered to both groups. Finally, to examine the

persistence of nicotine tolerance, daily injections will be discontinued and

the dose used to establish tolerance fnitially will be administered at 1 to 2

week intervals to see if the original acute effect is recoverable. At the

present time, the inftfal dose-response functions for acutely a&ﬁﬂgjstened
Fi

nicotine are being determined.

N

9.  CROSS TOLERANCE BETWEEN (-)-NICOTINE AND' PHARMACOLIGICALLY

RELATED COMPOUNDS

Cross tolerance between two substances exists when the establishment. of

tolerance to one substance results in tolerance to the ather substance. We are

currently examining whether rats which are tolerant to the behavionalfy
disrupting effects of z-nicotine on FR32 foed-maiintained resbonding exhibit a
cross tolerance to a variety of other compounds.

Two groups of rats (n = 5 to 6/group) are being used in this study. One
group ‘will be made tolerant to nicotine by receiving daifly presession
injections as described in the preceeding section, and will be maintained on
this treatment rzgimen. The other groun wiil recaive daily presession
injections of physiological saline. Once cr twice per week a test ccmpound
will be substituted for nicotine in the: tolerance group and for saline in the

nontolerance group in order to determine whether a cross tolerance exists

between: nicotine and the tes: compound.
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Compounds to be tested include a selection of the nicotine analogues: pre-

viously examined in the discrimination and self-administrztion paradigms. It

s of particular interest to determine the dzgrée of corraspendence among these
three paradigms for Identifying nicotine-1ike activity. As one further means

of determining the specificity of cross tolerance in nicotine tolerant animals,

the use of “referance" compounds which have been widely studied for their be-

havioral and neuropharmacoliogical effects would be desirable. Reference com-
pounds producing some: effects. similar to those of nicotine (e.g., CNS stimu-
lTants) as well as those with opposiie effects (e.g. CNS depressants) would be

most informative.
- e
.

10. EXAMINATION OF BEHAVIORAL SUPERSENSITIVITY FOLLOWING CONTROL CHRONIC

NICOTINE-CHOLINERGIC BLOCKADE IN RATS h

Chronic 1nactivation of pestsynaptic. receptors im the CNS, produces an
increased sensitivity (supersensitivity) of these receptors to the appropriate
agonist. Supersensitivity has been demonstrated for dopaminergic, beta-adren-
ergic, serotonergic and gamma-aminobutyric acid receptors. Supersensitivity to
nicotinic-cholinergic receptors has been demonstrated peripherally at the
neuromuscular junction. Following surgical denarvation, an increased respon-
siveness of muscle to Tocally applied acetylcholine has been noted. A prolif-
eration of nicotinfc receptors over the muscle surface was correlated with the
deve!bpmenf-of‘supersensitivity.

Simce there appear to be no studies which have attempted to induce nico-
tinic raceptor supersansitivity in the CNS, preliminery studi=s are in prograss
to address this issue. The nicotinic-cholinergic recaptor blocker macamylamine
ts belng used to functionally 9fnactivate cemtrd? nicotiafc recepfors. The
nitot#ne-1nduceddprostration syndrome is. being used as a behavioral index: of

supersensitivity.
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One rat has completed the initial series of treatments. This animal was

treated with 1.0mg/Kg of mecamylemine twice daily for 14 days. OCn day 135 the
proscration produced by a low dose of aicotine (2.5 up) was enhanced ralative
So tirat cocserved beforz chronic mecamylamine treataent. lWe ora currantly

attampting to replicate this effect in ddditional animals. 4e also iatend to

extend our behavioral measures to include the fixed-ratio paradigm, since we

have shown that it orovides a more sensitive:measufe of prostration than does
direct cbservation cf the anfinals.

Should. mecamylamine-induced supersensitivity to nicctine prove to be a
reiiable phencmenon, then an examination of changes in the number of nigpgjmic
receptors and the affinity of nicotine for the receptor would be in order; to
address possible underlying mechanisms. These studies would be conducted in

collaboration with Dr. Les Abood.
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