EFFECTS OF CHRONIC NICOTINE ADMINISTRATION AND ITS
TERMINATION ON SCHEBULE-CONTROLLED BEHAVIOR IN RATS
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| ABSTRACT
Lever pressing by rats was maintained under a multiple schedule of food |
presentatmn. After stable performance was obtained the rats were infused
subcutaneously w1th nicotine (8, 12, or 16 mg/kg/24 hours) for 240 hours. Hhen
cha]]enged w1th mecamy]amme, a nicotinic- chohnerglc antagonist these amma]s
failed to show d1srupt1ons on the scheduled contro]led behavmr. These resu]ts

that chromc nicotine exposure may not resu]t in a physical depend-
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Emp]oylng the pr1nc1p1es of operant cond1t1on1ng to demonstrate a phys1o-

.f']og1ca1 dependence on nicotine in animals is of part1cular 1nterest since, as -
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“1s ‘abruptly term1nated or when an antagonlst IS adm1n1$tered (4) Several
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rmheen 1nvest1gated (5). However, there is a dearth of information about the
:ipotential physical dependence producing properties of nicotine.

f In research reported here we investlgated the effects of antagonism of
_chron1c nicotine administration on lever pressing by rats maintained under a

1mu1t1p1e f1xed ratio fixed- 1nterva1 (MULT FR FI) schedule of food presentation.

-:‘Our resu]ts ~show that antagonism of chronlc nicotine admlnlstratlon does not

~,d1srupt schedu]ed controlled behav10r.iL;;gpt, , L
e R S : e

into three groups (8). Rats were reduced to 85% of their free feeding weights
and trained to lever press for a 45 mg food pellet (Bio-Serve Inc., N.J.).

After lever pressing was established, responding was maintained under a MULT FR

30 FI 120 sec. schedule, with a 60 sec. time out (TO) following the FI’

:{yet there have been no demonstrat1ons of either a n1cot1ne (6) or tobacco (7) -
A;w1thdrawa1 in anlmals, even following pro]onged exposure to these substances.t
v0vera1] the effects of nicotine on schedu]ed contro]]ed behavxor have been ;;
:'stud1ed 1ess extens1ve1y than other common]y used compounds. Most studles have:j
;invest1gated the acute behav10ra1 effect of n1cot1ne in rats (1) or monkeyspj
(Zf.” Less s known about the termlnation of chronlc n1cot1ne adm1nlstrat1on onf.
schedu]ed controlled behav1or. _Chron1c adm1nlstratlon of a variety of psycho-k
active agents results in physica] (physio]ogical)‘ dependence. (3). ._ Physica]r

dependence is generally character1zed by abstlnence symptoms when drug 1ntake

;tion and withdrawal, and drugs from a number of pharmaco]og1ca1 classes have

_hTwenty four male hooded rats (B]ue Spruce Farms, 350- 4109) were div1ded
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funt1] 11 food dellverles were obtained in the FR component Rats were trained

AR e
under the mu]t1p]e schedule for a minimum of fourteen weeks in order to _

vstabilize responding. The last three days of thqs tra1n1ng period served as

tcontrol sessions (phase 1). Dur1ng phase 2 a baseline cons1st1ng of three B

During phase 3 (10 days after >

Each run was separated by a 40 minute 1nterva]

Nicotine

'"w1th ( ) nicotine was 1nserted subcutaneous]y between the scapulae.

8 Ormg/kg (group 1), 12.0 mg/kg (group 2), and 16 mg/kg (group 3). After 240

before and the day after the mecamy]am1ne cha]lenge. The animals were tested

‘;."‘:x‘ y £ ’ﬁcﬁsl‘.r’“ Ly
Ve for an add1t1ona1 ten days (phase 6) after which the pumps were removed and

inspected for remaining nicotine. Between phases the animals were tested in

- single daily sessions.
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Character1st1c performance was maintained under the MULT FR FI schedule."
i.* when the light signalling the FR component was illuminated animals emitted a

'?:i'h1gh rate of respond1ng that was ma1nta1ned until 30 responses were completed.

i,ln the FI component a period of little or no respondlng at the beginning ofd

f the 120 sec. 1nterva1 was followed by acce]erated responding that was ma1n-v3-

tained unt1] a response ended the 1nterva1 Respondmng dur]ng T. 0 was Iess

d'than 1% of the total response emltted durlng the sess1on.

2_.Quarter ]1fe va]ues (11) for the FI component response rates in the FR _

component and response rates in the last 25% of the FI component were used to

icantfy altered response rates under both component schedu]es, but there were
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‘o d1fferent1al effects of dose on e1ther FR or FI response rates and no s1g-h‘

n1f1cant dose x day interactions (F1gure 1) FI rates significantly decreased

on the first day of nicotine exposure but returned to control levels by day 2

,Vand rema1ned stable throughout the remainder of nicotine phase. FR rates also
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decreased on day 1 of nicotine exposure but this effect failed to achieve

stat1st1ca1 significance. Beginning on day 3 FR rates were significantly

e]evated on 6 out of 8 of the rema1n1ng n1cot1ne days. It is unlikely that the

change in FR response rates were dependent upon the absolute rate of responding
s1nce FI rates were similar and were not changed after day 1 of phase 4. The
decrease‘1n rate under both schedules on the f1rst day of phase 4 may be due to‘”

Ak : -

the_jntroduct1on of n1cot1ne and/or osmot1c m]napump surgery. However, the
*?stonlflcant increase in FR rate is most llkely due to the direct effect of
nicotine. Since FI rates did not change the increase in rate under the FR
schedule appears to be schedule dependent. FI quarter life values were not

altered by nicotine administration (12).
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d:'Figure 2 shows how performance under thernm1tip1e‘schedu1e varied as a

- sfunction of phase. Analysis of FR response rate showed a significant effect of

"5;phase while the effect of nicotine dose and the nicotine dose x phase inter-

:iaction were not significant. Subsequent t tests revealed that chronic n1cot1ne -
ﬁxtreatment 1ncreased FR rates obtained during control sessions from 1.16 * 0 12 :
?to 1 42 0 13 responses per second. The mecamylam1ne cha]]enge s1gn1f1cant1y'e
decreased FR response rate, relative to the 1ast three days of n1cot1ne
'exposure, to 0 82 + 0.09 responses per second Subsequent to the mecamylam1ne

cha]lenge FR ‘response rates were aga1n significantly elevated for the remainder }v7

of:the experlment (1ast 10 sess1ons)(13) F1gure 2 shows that FI performance 'fi
waswnot altered during any cond1t1on 1nc1ud1ng mecamy]am1ne cha]]enge. SR
FMultlple ion detection ana]ys1s (14) of nicotine in blood (gasf
‘hromatograph/mass spectrometer) was performed on samples collected both before

The data show that Tevel of nlcotlne;

o and after the mecamylamine cha]lenge.

ldose (8 mg/kg/day x = 2.28 + 0.07, 12 mg/kg/day X = 4.08 *+ 0.81, and 16
‘mg/kg/day % = 6.21 0.63).

“The results of this experiment show that blocking nicotine's central ner-
: disruption of scheduled-controlled performance, which has been shown to be
‘sen51tjve to physiological dependence (5) Others have also noted that ter-

; vm1nat1on of prolonged exposure to nlcotlne or tobacco (6,7) does not result in
-'“ §g

w1thdrawa1 syndrome in animals. However, the available data with human
' subgects suggests a series of withdrawal signs and symptoms. (15). Since the

kinds of symptoms reported and the temporal pattern of these symptoms are not
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A'i; necessary that the symptoms reported represent a physiological dependence.
'Instead the absence of a w1thdrawal syndrome in th1s and other an1ma1 StUd]&S ;r
r:(6 7), comb1ned w1th the lack of con51stency in the human data suggests a more E

genera] lnterpretation, such as a 1earn1ng mechanlsm whereby the. 1nterrupt10n

8

W{of a we]l learned response that leads to p051t1ve ‘reinforcement results in a -

varlety of behavioral and phy51ologlca1 changes which are reported by humans

and 1nterpreted as withdrawal symptoms.
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" FIGURE 1:

“FIGURE 2:

Responses per second in the FR (solid symbols) and the last quarten -
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 is a mean of 63 data p01nts (3 groups N = 21 x 3 days) and the

rema1n1ng po1nts represent a mean of 21 data po1nts (3 groups N 21

- x 1 day). Vertical lines show the standard error.

Quarter life values, responses per second in the FR, and responses
per second in the last‘quarter of the FI are shown as a functionAof‘ '

the six phases. Phase 1 control sessions were the last 3 days nf.

the fourteen week tra1n1ng per1od Phase 2 represents 3 repet1t1ve

runs .on a SIngle day. Phase 3 3 repet1t1ve runs on a s1ng]e day N

“with presession inject1ons_of_mecamy]amlne HCL. Phase 4 represents

3 days prior to the mecamylamine challenge of nicotine. Phase 5 the

mecamy]am1ne cha]lenge and phase 6 the ]ast 3 days of the exper1- 

ment, Each bar represents a mean of 63 data po1nts (3 groups N = 21

x 3 data points from each animal). The vertical lines show the

standard error.
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