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Nicotine is one of the most widely used compounds, however, it is only
i .. , ... ,

recently that the effects of nicotine on scheduled-controlled behavior have

been systematically studied (1,2) . In rats, nicotine increases responding
`ir-•'~. ., •~. - .. ~ ~ -~ ' ~ ' . . . . . . . . . . . . . . . . . 'i;-' . . ~ - .f,' . .. _ . . . , .., . . .
:~-t-,_,~,

:
.,.maintained under fixed-interval (FI), variable-interval and differential-rein-

shown that intravenous injections of nicotine will maintain high rates

lever-pressing by squirrel monkeys under a second order schedule . Under

:-sched l di l h v i hu e respoa ag resu tsn t isual st mulus t at iseon of a. i presentati '"a . ._ . .

intermittently associated with response contingent nicotine injections .(3),.
• • L1

?Sany compounds froui different pharmacological classes can increase and
7

maintain behavior that leads to self-administration•of those compounds (4) .

However,there is little evidence that rats will intravenously self-administer .

,nicotine unless seif-administration is induced by a food delivery schedule (5)

or they are given programmed nicotine infusions for several days (6) . The

. ;levels of responding maintained by intravenous nicotine following programmed. • . . : _: - ~ . . . . . ,, . .•
'.'infusions have been low (6) . The pzesent study demonstrates that intravenously . .

T '-.~ _ . . • . . . _ . -~ . , , . . . . . : . - • . ~ _
. - ._ . . ., .: •_~ - . , . S . . . ,

:'` : delivered nicotine functions as a positive reinforcer in the absence of food,~. : . .•~ . _. . .~~ ,. •• - .,. ,_ . . . . .r.,
inducement or programmed infusion conditions . Nicotine self-administration

,



Access to nicotine was unlimited (24 hours),

response required for each infusion (FR 1) . Then changes were made. .

in the nicotine delivery procedure to determine if lever pressing was being

maintained by the contingency established between lever pressing and nicotine

and three rats were given programmed infusions . In the sevea rats not receiv-•- :•r :

dprogrammed infusions the effect of infusion dose was determined on the
- 7': :a ~ ~ .~. - . _ . • . .,. . - - _ . . - .. . . . . . . . - -- . . . .- -

number of iafusions delivered and the total nicotine intake (mg/kg/24 hour)~,~;
t . RA . .~•' . . . . ~ ' . .- - . . ~ . . ~ . . . . . ~ ' • - • ~-' ~

under an FR 1 schedule . Infusion doses (64 .0, 32 .0, 16 .0, 8 .0 and 4 .0 Ng/kg/'
•v :. V*.ri" . . .• . . . . . _ . .

infusi oa) were presented in descending order for a minimum of 7 days each . " .

and the

infusions . The houselight provided illumination and

an infusion . First, nicotine self-

established in the rats at 32 Ng/kg/infusioa (all doses~are

expressed as the free base) .

number

IuI oil

responding was recorded throughout all experimental manipula-
.;`' - :

compared to the rate of responding recorded from the lever

of

lever pressing was allowed to stablize before changes

infusions were studied .
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nicotine-reinforced responding under the

a series of closely spaced infusions (2-4/minute),

: lever pressing which rapidly declined to less than 12 infusions during the

; . : following 24 hour session . When nicotine was reintroduced (32 0 N /k /infusion). g g

the aumber of nicotine infusions increased to previous levels (Figure 1) .

:, :, ~~' Periodic observation of the rats when nicotine was available and during the

~'` saline substitution failed to reveal any signs of physical dependence (8) .

When nicotine was available lever pressing occurred almost entirely on the

lever delivering aicotine infusions . Activity-lever responses were less than
_ . .. . - . :,- .- . . . . . . , . . . .. ~ .;cf ~

10% of the total number of responses for all rats . _ : fl. . . , - 'W- . . . . - . . .
Table I shows the effect of programmed infusions delivered independently 1~

responding on nicotine maintained lever pressing . The percent decrease '

the number of response contingent infusions was inversely related to the

of responding on the nicotine lever .
. . . . ~' . .
with no increasing or decreasing

programmed interinfusion iat l Th iferva . oase sum o response contingent infus

plus response independent programmed infusions was stable across sessions
. • ., .,,.

(Table 1), suggesting that the daily level of nicotine self-administration is



of infusions first increased then decreased . In

(mg/kg of body weight) increased as a function of
. :~. .. . . _ . . . . _ • . . . . .

Similar functional relationships have been found -•

The 8 pg/kg/infusion dose did not maintain leverJlwithother reinforcers

pressing above saline levels -

`These results demonstrate
_- : ..~.' : . .
/ increase and maintain lever pressing that results

the nicotine delivery procedure showed that

'b thiii Th. . .ye ncotne-response contngency .ere
. . . . : -= ~ ., . . • ~ •_ . .

positive reinforcing effects of nicotine•-

when nicotine was response-contingent than when

) a greater number of

lever ; 3) a systematic

nicotine was delivered noncontingently ; and 4) systematic changes in lever
.~ -

.
.- - _ . . -

. . . ' -
. . . . ' ~t~• - .

pressing as a function of the nicotine dose .

1) a

were

responses on the nicotine lever than on the activity

~decrease in the number of contingent infusions when .

The effect of increasing the ratio size on the number of lever presses

" .and infusions is shown in Figure 2• Increases in FR size up to FR 5 resulted

''in substantial increases in the number of lever presses• Atratio of 6 and 7

• -the number of lever presses remained relatively stable . 1. further increase in '
L' •• .. . . . _ . .' . . . . • - . . ~ . . . - , . . . . . . - . . . . . . . . ~ . . . ._ . . . - . . . . . . .

:=atio size to FR 8 resulted in a decrease in the number of lever presses . The

, number of infusions remained relatively stable across several ratios (1-6), ya. .,
. . . . . . :~••l. . . .Y . . . . . ' - . . . . . • ' . . . . . . ~ . _ . . . . .

. .

then decreased at ratios of 7 and 8• Although intravenously delivered nicotine

of responding compared to

suggesting that nicotine•: i .

lever pressing was maintained

of the

greater number of lever presses

saline was response-contingent ;

four indications
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'Previous attempts to establish nicotine as an intravenously delivered

reinforcer for rats have shown that oniy under conditions of reduced body

<< = weight and/or concurrent fixed time food presentation will nicotine self-
_-j~ ; .. s - . . .

administration occur at rates above vehicle control levels (5) . .. The present

: .',~ :results show that nicotine can function as an intravenously delivered positive
a~Y).~ .~ :. . .'~~i. ~

. . _ . . . . . ~ . . _ . . . . . . ~ ~ . . . - . •~ _ . . -- . . . . .__ . . . . . . . - •- ._ - . . . . .

-~ .. . , . . . . . . , . : . . . . . . . . . _ . . . ~ . . ~ , ~ . . . .

7~ ` A detailed profile of the behavioral effects of nicotine has been emerging

',from several laboratories (1,2) ; however, there has been a continuing need

for a systematic evaluation of the reinforcing effect of nicotine in the rat .~N.• _ ~ . . . . .

'In this study the maintenance of lever pressing was unequivocally the result

consequent nicotine infusions .- Furthermore, the behavior was shown to be

sensitive to both dose and response contingency manipulations ._
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of the external jugular vein into the superior vena

of the right atrium . The distal end of the catheter

subcutaneously and out through the skin in the middle of the

scavula of the rat's back . The catheter was connected to a stainless

;steel back plate . Each animal was allowed 10 days recovery before being
_ • • .. - - . . - . . . . . . ., :~ . . . . . . _

'".placed in a test chamber .



The percent decrease in the number of
infusions and the total number of infusions as a function
of the interval between response independent programmed

nicotine infusions .
:F.

.. ._ . _ . . . . . . ~ . .i

?Sean (± standard error), x .~` ". Hean total infusions (±
decrease in the number of standard error) programmed
self-administered infusions ' . .plus response contingent

: . 76 (*8-8) .

81 (i3 .0)
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The vertical lines show the standard

figure
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infusions

rats x

error .

nicotine on both the number of infusions (solid lines) and session

intake (mg/kg/session, dashed lines) under an FR 1 schedule . Each

point is a mean of 21 sessions (7 rats x 3 sessions each) and the

verticle lines~-
. _•;~ ..

show the standard error .

~~ ~~ =''' Figure 2 . The number of Lever presses
. :.~ : . . . .__ . . . . - ' T

:~• ., . . . .- . . . - ~ , =

and infusions (32 pg/kg) is

function of the FR size . The ratios

shown as a

order . Each point is a mean of 9 observations (3 rats x 3 sessions)

,

saline for nicotine on the number of

panel) . Each bar represents a mean of 30 sessions (10
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