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SLIFER, B L AND R L BALSTER. Intravenous self-adrnmlstratton of nwotme Wtth and wtthout schedule-mductton 
PHARMACOL BIOCHEM BEHAV 22(1) 61-69, 1985 --In Experiment I, rhesus monkeys were trained to lever press 
on a concurrent fixed-interval 5-mm (food pellets) fixed-ratio 1 (IV mcotme-mjectlon) schedule of reinforcement All three 
monkeys self-admmstered mcotme (0 1-100 p.g/kg/mjection) at two or more doses dunng the concurrent condltlons (Con- 
current I or II) at rates that exceeded saline control or rates of mcotlne-mamtamed respondmg on a s~mple fixed-ratio 1 
schedule (No Food condition) At least one dose of mcotme did maantam FR 1 responding which was greater than sahne 
rates on the single component schedule and these rates were not increased by the addltton of a concurrent schedule of food 
reinforcement Dunng the concurrent schedule, mcotme-malntalnod responding occurred throughout the 60-ram session m 
contrast to the No Food (FR 1) condlUon where most rejections of mcotme were self-administered dunng the lmtml 
segments of the session In general, mcotme mject~ons occurred dunng the early portions of the interval, although tlus 
vaned between md~wdual animals In Expenment II, rhesus monkeys were trained to lever press for intravenous in.lectlons 
of cocaine (50/zg/kg/mjectton) on a fixed-ratio 10 schedule of reinforcement Dunng testing, doses of mcotme (1-300 
/~g/kghnjectlon) or sahne were substituted for cocaine. Nicotine maintained FR 10 responding at rates that exceeded saline 
self-admm,strat~on at one or more doses m all four monkeys These doses were slmdar to those that funct,oned as pos~ttve 
reinforcers m Experiment I These two expenments demonstrate that mcotme can funcUon as a poSlttve reinforcer to 
maintain FR 1 or FR 10 responding Experiment I also showed schedule-m~ductlon by a concurrent food reinforcement 
schedule of the self-administration of low doses of mcotme which did not maintain responding on the simple FR 1 schedule, 
indicating an interaction between environmental factors (schedule of food reinforcement) and pharmacological properties 
of a drug 

N~cotlne Intravenous Self-admmtstrauon Concurrent F,xed-rat~o Schedule-reduced 
Substitution Lever press Rhesus monkeys 

RESEARCH m the behaworal pharmacology of  drugs of  
abuse has shown that, m addition to intnnsic reinforcing 
properties of a drug, a number of varmbles including h,ston- 
cal and present enwronmental factors are important in de- 
termining a drug's behavioral effects [11,25]. One such en- 
vironmental factor may be the concurrent presence of  the 
intermittently scheduled presentaUon of another reinforcer 
Falk [10] suggested that mterm,ttent reinforcement m- 
creases the reinforcing efficacy of  other sttmuh that are pres- 
ent m the environment resulting m the schedule-induction of  
excessive amounts of  behavior maintained by the reinforcing 
properties of the other stlmuh. Schedule-induction proce- 
dures have been useful m the lmtmt~on and maintenance of 
the oral self-administration of several drugs by laboratory 
ammals including: ethanol [24], amphetamine [31], opiates 
[22, 23, 27], barbiturates [28] and pencyclidine [2]. In addi- 
tion, there is ewdence for schedule-induction of  intravenous 
self-rejection of several of  these drugs in rats [33] We re- 
cently reported preliminary findings of  schedule-induced IV 
self-administration of mcotine by rhesus monkeys [34]. 

Typically, there has been found to be a good correspond- 
ence between the drugs which are self-administred by lab- 
oratory animals and those subject to human abuse [13, 19, 
32] Yet, whde nicotine in tobacco products is a widely 
abused drug by humans, experiments on the maintenance of  
self-administration behavior by nicotine using standard pro- 
cedures in the ammal laboratory have produced eqmvocal 
results. Some studies have shown that nicotine fails to serve 
as a reinforcer for responding leading to an intravenous re- 
jection of the drug [7,14], while others report nicotine- 
maintained responding m rats and monkeys, although usu- 
ally at low rates relative to other reinforcing drugs such as 
cocmne [4, 5, 12, 16]. 

In humans, the self-administration of  mcotine, via to- 
bacco, is thought to be an important variable in maintaining 
smoking behavior. Nevertheless,  although manipulations in 
the dose of  nicotine change the reported subjective effects of 
the drug, such dosage changes often do not significantly alter 
human smoking behavior [15]. It is apparent from both con- 
trolled behavioral analysis and anecdotal reports on the per- 
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slstence of the behawor, that smoking is a complex phenom- 
enon which may be the result of an interaction between 
pharmacological and environmental factors and subject to 
schedule-lnductmn [3, 15, 17]. 

The following experiments were conducted to further 
study the schedule-mduction of intravenous self- 
administration of mcotine by rhesus monkeys using a con- 
current food reinforcement schedule Schedule-reduced in- 
travenous drug administration has several advantages over 
schedule-induced oral drug self-admlmstratton wMch include 
the ellmlnatmn of confounding factors such as gustatory 
components,  delay of onset of drug effects via the oral route, 
and accurate quantification of the actual amount of drug m- 
take In ad&tion, we tested the reinforcing properties of m- 
travenous mCOtlne injections using a standard substitution 
procedure [19] 

GENERAL METHOD 

Subjects 

Six adult male rhesus monkeys (Macaca mulatta) were 
used as subjects m this study Three of the animals (M570, 
M232, M432) were experimentally nmve at the start of the 
study while the remammg three monkeys (4173, 3018, M233) 
had prior histories of IV drug self-administration with other 
compounds Each animal wore a stainless steel restraint har- 
ness [6] and a spring arm which was attached to the rear of an 
experimental cubicle (0.8×0.8x 1.0 M) in wluch the animals 
lived during the experiment The monkeys had continuous 
access to water except during the experimental sessions and 
were fed Punna  Monkey Chow and a chewable multiple 
vitamin during dmly afternoon feedings which followed the 
conclusion of all daily experimental sessmns Fresh fruit 
supplements were given at least once a week 

Apparatus 

Each cubicle had a clear Plexlglas front on wMch was 
mounted two response levers, 30 cm above the floor Each 
lever had three corresponding 28V jewel lights above it A 
food bm was centered between the levers into which the 
externally mounted pellet feeder delivered 1 gram banana 
flavored Noyes pellets (P J Noyes C o ,  Lancaster, NH) 
Drug injections were dehvered at a rate of 1 ml/10 sec by 
peristaltic pumps (Masterflex, Cole-Parmer Instrument C o ,  
Clucago, IL) Events within the cubicles were controlled and 
recorded by solid-state programming equipment located In 
an adjacent room. 

Procedure 

The animals were prepared with chronic mdwelhng ven- 
ous catheters under phencychdlne-pentobarbltal anesthesia 
A slhcon catheter (0.79 mm internal lumen, Ronsll Rubber 
Products, Belle Mead, N J) was surgically implanted into a 
major vein (e g , internal or external jugular or femoral) If a 
catheter became nonfunctional during the experiment, a new 
catheter was implanted and the animal was returned to the 
study The catheter, when implanted, was passed sub- 
cutaneously to an exit point on the animal 's back and 
through the sprang arm and attached to the pump outside the 
cubicle Following a brief recovery period the three ammals 
in Experiment I were put on a food restriction regimen and 
gradually reduced to approximately 85% of their free-feeding 
weights When the desired weight was obtmned, trmnlng of 
the animals began 

Drug~ 

Nicotine tartrate was obtained from Pfaltz and Bauer, 
Inc (Stamford, CN) Cocaine hydrochlorlde was obtmned 
from the National Institute on Drug Abuse Drug solutions 
were prepared with physmloglcal saline and doses were 
based on the salt 

EXPERIMENT I 
CONCURRENT FI (FOOD) FR (NICOTINE) 

Procedure 

All three monkeys (3018, M232, M570) in this experiment 
required training on the fixed-interval (FI) schedule of food 
presentation During daily 60-mm sessions the three lights 
above the right lever and two of the three lights above the 
left lever were illuminated The two experimentally naive 
monkeys (M232, M570) were trained to press the right lever 
by baiting it with a raisin. Initially each lever-press response 
on the right manipulanda resulted in delivery of a food pellet 
At the same time responses on the left lever produced an 
injection of saline on a fixed ratio 1 (FR 1) schedule of rein- 
forcement. During the infusion the center light above the left 
lever was illuminated while the two other lights were extin- 
guished Following acquisition of the response, lever pressing 
on the right lever was reinforced on a FI schedule where the 
first response after 30 sec had elapsed dehvered a food pellet 
(FI 30 sec) The interval value was gradually increased over 
6-10 sessions to a final fixed interval of 5 minutes Because 
of the development of a pattern of switching responding be- 
tween the two levers, a 3-sec changeover delay between 
left-lever responses and reinforcement on the right lever was 
instituted to eliminate adventitious reinforcement of left- 
lever responses by food-pellet dehvery Responses on each 
lever were collected cumulatively during quarters of each 
5-mln interval Responses during the changeover delay and 
total mfusmns were also recorded When stable FI 5 mln 
responding occurred and the animals consistently earned 
I 1-12 food reinforcers per sessmn, doses of nicotine (0 1-100 
/xg/kg/Injectmn) were substituted for sahne for I I consecu- 
tive sessions on the concurrent FI 5 mln FR 1 schedule The 
order of dosage presentation was different for each of the 
three monkeys, with the exceptmn of the low dose (0 l 
/xg/kg/lnjectlon) which was tested last in all three condmons 
(see below) 

Following completion of the dosage regimen with the 
concurrent fixed-interval (food) schedule (the Concurrent I 
phase of the study) the mcotine doses were again made 
available on a FR 1 schedule but the fixed-interval food 
schedule was removed During this No Food condition the 
FI stimulus lights were not illuminated and although re- 
sponses were counted, the feeder was inoperative At the 
start of these daily sessions, the pellet feeder was manually 
operated to deliver 12 banana pellets into the food bin 
When the nicotine dosage regimen was again completed, the 
food reinforced fixed-interval contingency and correspond- 
ing stlmuh were reinstated and sahne and mcotlne doses 
tested for a third time in the Concurrent II phase 

Data Analy~e~ 

Only the data from the last six days of each treatment 
were used In data analyses The data was collected as the 
number of fixed-interval or fixed-ratio responses per quarter 
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FIG 1 The mean number of rejections (-+ S D ) of sahne or each 
dose of mcotme self-adnumstered dunng the three separate cond~- 
tmns of the experiment Data are based on the last s=x days of each 
treatment 

of  the 5-min interval. The mean number of  injections for each 
treatment at each dose of  mcotlne or sahne and mean per 
session retake of  mcotme were determined for each monkey. 
The overall mean rates of  responding for the three animals 
was calculated as a function of total session dose 

R E S U L T S  

The three monkeys rapidly acquired characteristic FI  per- 
formance with increasing percentages of  responses occurnng 
m the last quarter of  the FI,  however the one monkey (3018) 
with an experimental history had a pattern of  responding 
which included pauses followed by bursts of  responding. 
Within 20 sessions all three monkeys earned 11-12 pellets 
per  session on the FI  5 rain schedule. 

The mean number of  injections self-administered during 
the three conditions (Concurrent I, No Food,  Concurrent II) 
for the individual monkeys are presented m Fig. 1. When 
saline was available on the FR 1 schedule during the first 
concurrent condition the monkeys averaged from 2-12 infu- 
sions. During the following No Food condition each animal 
responded less for saline and in two animals (M232, M570) 
the second concurrent condition resulted m even lower rates 
of  saline self-administration The third monkey (3018) 
showed slightly increased sahne reinforced responding dur- 
Ing the Concurrent II testing. 

During the first concurrent schedule treatment (Concur- 
rent I) rates of  self-admmlstrat~on exceeded saline rates at 
one or more doses of mcotme and were greater than dunng 
the No Food condition at three to four doses m all three 
monkeys (Fig. 1). Two of  the monkeys (M232, M570) re- 
sponded for nicotme at higher rates dunng the concurrent I 
schedule than during the No Food  condition across a similar 
range of  doses of  nicotine (1-10/~g/kg/mJectaon and 1-10 and 
100/zg/kg/injection, respectively). These monkeys differed 
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FIG. 2 The dlstnbuUon of lnjectmns of 1/zg/kg/mject]on of nicotine 
across the 60-rain sesstons for the three conditions of the experi- 
ment Each bar represents the percent of the total number of mjec- 
tmns which occurred m each 15-ram segment. Data are based on the 
last s~x days of each treatment 

with respect  to doses of  mcotme that were self-administered 
at rates that exceeded Concurrent I saline, however.  While 
the same range of  mcotine doses maintained rates that ex- 
ceeded saline self-administration rates in monkey M570, 
only one dose (1/~g/kg/injection) was self-administered at a 
rate that exceeded saline control by monkey M232. The third 
monkey (3018) had higher rates of mcotine self- 
administration during the Concurrent I schedule at doses of  
0 1, 30 and 100 txg/kg/mjectlon with mcotine self-administra- 
tion rates greater than the corresponding saline control at 
doses of 0.1 and 100 trg/kg/mjecUon. 

When nicotme was available on the simple FR 1 schedule 
(No Food condlUon), self-administration rates were main- 
tamed above the corresponding saline baseline by at least 
one dose of  the drug (10--100 /zg/kg/mjection) in all three 
subjects (Fig. 1). Reinstatement of  the concurrent schedule 
(Concurrent II) produced somewhat different results than 
those obtained dunng the initial concurrent experiment (Fig. 
1). Monkey 3018, with the exception of  the lowest dose 
(0.1/~g/kg/injection), had higher rates of nicotine-maintained 
responding during Concurrent II  treatment than the Concur- 
rent I and these rates were greater than during the No Food 
condition at all doses except 10/zg/kg/injection Re-exposure 
to the concurrent schedule in monkey M232 resulted in m- 
creases m mcotme-maintamed responding above the previ- 
ous No Food condmon over the same dose range as dunng 
the Concurrent I schedule (1-10/zg/kg/mjecUon), although 
the rates were lower than m the original concurrent condi- 
tion. Monkey M570 had very low rates of  responding for 
mcotme on the Concurrent II schedule at the lower doses 
(0.1 to 10/zg/kg/lnjecUon), while responding at doses of 30 
and 100/zg/kg/mjection did not differ from the rates dunng 
testing w~thout the food schedule. 

The pattern of  nicotine-reinforced responding within the 
session differed between conditions. Figure 2 shows a repre- 
sentative example from each condition of  the injection dis- 
tributions across the 60-ram session at a dose of  1 
/zg/kg/mjectlon. All three monkeys self-admmtstered 
nicotine throughout the 60-nun concurrent sessions whtle the 
injections occurred predominantly m the first half of  the ses- 
sion dunng the No Food  condition. This was typically the 
case even though rates differed markedly between concur- 
rent conditions. 

The distribution of mcotine-maintained responding within 
the fixed-interval was determined by calculating the percent- 
age of the injections which occurred within each interval 
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T A B L E  l 

INTERVAL DISTRIBUTIONS OF FIXED-INTERVAL AND FIXED-RATIO RESPONDING 
MEAN PERCENT OF TOTAL FIXED-INTERVAL AND FIXED-RATIO RESPONSES 

PER INTERVAL QUARTER 

Treatment 

Monkey No M570 

Concurrent 1 Concurrent 11 
Interval Quarters Interval Quarters 

1 2 3 4 I 2 3 4 

Saline 
FI responses 
FR responses 

Nlco 0 I /xg/kg/mj 
Fi responses 
FR responses 

Nlco l 0/xg/kg/mj 
FI responses 
FR responses 

Nlco 3 0/xg/kg/mj 
FI responses 
FR responses 

Nlco l0 0/zg/kg/mj 
FI responses 
FR responses 

Nlco 30 0 p.g/kg/mj 
FI responses 
FR responses 

Nlco 100 0/zg/kg/mj 
FI responses 
FR responses 

9 12 30 49 9 7 25 59 
38 35 27 0 30 30 30 10 

6 10 24 60 8 12 28 52 
43 14 43 0 0 14 43 43 

4 12 34 50 10 8 27 55 
46 39 12 3 20 30 20 30 

6 6 28 60 13 10 24 53 
19 46 27 8 13 16 55 16 

10 12 29 49 4 6 30 60 
27 28 27 18 31 46 23 0 

7 8 20 65 9 12 29 50 
38 27 20 15 23 27 31 19 

6 10 29 55 19 16 24 41 
23 37 27 13 17 34 32 17 

quar te r  Table 1 gives the ln t ramterval  dis t r ibut ion of  
n lco tme mjec t lons  and FI r e s p o n s e s  for  each  dose  o f  nicot ine 
tes ted  durmg the two concur ren t  condi t ions  In general ,  a 
large por t ion  o f  the  nicot ine infusions occu r red  within the 
first three  quar ters  o f  the interval ,  typically pr ior  to the 
majori ty of  FI  r e spondmg  

The pat te rn ing  o f  f ixed-interval  responding  was not  
changed  by nicot ine intake The posi t ively  acce le ra ted  re- 
sponse  pa t t e rns  for  each  monkey  were  mainta ined ac ross  all 
doses  o f  nicot ine tes ted  (Table 1) Likewise ,  rates  of  f ixed- 
interval  r e spond ing  were  unaf fec ted  by nicot ine intake Fig- 
ure 3 shows  overall  FI r e sponse  rates  as a funct ion o f  total 
dosage  o f  nicotine se l f -adminis tered  in the 60-mm sess ions  
One m o n k e y  (3018) showed  inc reased  FI rates  with nicot ine 
se l f -adminis t ra t ion These  mcrea se s  were  seen at total dos-  
ages o f  201-500/zg/kg d u n n g  the first concur ren t  schedule  
condi t ion  and at 51-200 /xg/kg during the Concur ren t  11 
phase,  however  these intake levels occurred only dunng  three 
and two sess ions  respec t ive ly  Ano the r  animal (M570) 
showed  dec rea se s  m FI rates  at two dosage levels (201-500 
and 1001-4000 /.tg/kg) during the Concur ren t  I phase,  but 
again these  data are based on three  sess ions  at each total 
dosage 

D I S C U S S I O N  

The lack of  schedule-induct ion of  saline self-administration 
in the p re sen t  s tudy  is m marked  con t ras t  to s tudies  mvolv-  
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FIG 3 Rates of fixed-interval responding for each monkey during 
the concurrent 1 and concurrent 11 conditions at several levels of 
nicotine intake Nicotine levels were determined as total /.~g/kg 
mcotme self-admlnstered within the 60-mm sessions Rates of re- 
sponding dunng sesszons where sahne Injections were available are 
represented above the SAL point Data points are based on the 
mean rates of responding which occurred during sessions at each of 
the levels of mcotme The individual monkeys are represented by 
the following symbols triangle--M570 circle--3018 hexagon-- 
M232 
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T A B L E  1 

INTERVAL DISTRIBUTIONS OF FIXED-INTERVAL AND FIXED-RATIO RESPONDING 
MEAN PERCENT OF TOTAL FIXED-INTERVAL AND FIXED-RATIO RESPONSES 

PER INTERVAL QUARTER (Continued) 

Monkey No M232 

Concurrent I Concurrent 11 
Interval Quarters Interval Quarters 

2 3 4 1 2 3 4 1 

Monkey No 3018 

Concurrent I Concurrent I1 
Interval Quarters Interval Quarters 

2 3 4 1 2 3 

2 2 24 72 3 6 23 68 
3 37 59 1 15 16 54 15 

5 5 20 70 4 3 19 74 
25 54 17 4 14 52 33 1 

4 5 26 63 5 9 28 58 
42 58 0 0 38 31 18 13 

9 I1 26 54 8 9 28 55 
58 23 9 10 90 0 0 10 

4 7 24 65 4 5 23 68 
11 18 44 27 14 37 39 10 

3 6 26 65 4 4 29 63 
9 28 54 9 8 30 54 8 

4 5 26 65 5 8 31 56 
4 37 47 12 14 41 34 11 

2 8 33 57 4 8 32 56 
94 0 6 0 14 24 45 17 

3 I1 40 46 5 10 29 56 
0 0 0 0 29 46 22 3 

5 10 35 50 4 9 31 56 
6 27 52 15 15 18 35 32 

3 4 28 65 4 7 28 61 
5 33 46 16 8 33 36 23 

I 7 35 57 5 10 29 56 
56 28 16 0 17 32 30 21 

3 6 29 62 4 5 29 62 
4 41 47 8 8 33 49 10 

4 14 31 51 7 15 29 49 
46 30 14 10 28 32 22 18 

mg schedule-reduced oral drug self-administrat ion.  Such 
studies typically report  that, al though rates of  d rmkmg of 
drug solutions may exceed  rates for water ,  a s~gmficant 
amount  o f  schedule-reduced water  consumpt ion  also occurs  
[2,31] The  present  results,  on the o ther  hand, are consts tent  
with o ther  reports  o f  schedule-reduced IV drug self- 
administrat ion [20,33] which show no increase in saline- 
maintained responding by the addmon  of  a concurrent  food 
dehvery  schedule  It is possible that the consummatory  re- 
sponse 0 e ,  drinking) may be an important  factor  m 
schedule-reduced drinking studtes and because  such a con- 
summatory  response  does not  occur  m the present  study,  the 
IV self-administrat ion o f  a pharmacological ly  inert solution 
(sahne) was not increased by schedule mducuon  

The reduct ion o f  IV self-admmlstrat ton of  low doses  of  
mco tme  by the addit ion of  the concurrent  f ixed-interval  food 
schedule was demons t ra ted  m all three monkeys  The indi- 
vidual  ammals ,  however ,  had a somewhat  different course  of  
deve lopment  o f  schedule- induced behavior  and different 
dose- response  curves.  The two exper imenta l ly  naive mon- 
keys (M570, M232) typically responded more  during the first 
concurrent  schedule t rea tment  (Concurrent  I) than during 
the Concur ren t  II condit ion.  In the third animal (3018) the 
schedule- induct ion of  nicotine self-admlmstrat lon only 
emerged  upon re-exposure  to the concurrent  schedule fol- 
lowing the No Food condit ion.  It is possible that this mon- 

key ' s  previous  exper ience  with an FR  10 schedule o f  drug 
self-administrat ion in ead ,e r  exper iments  may have  influ- 
enced  the lnducUon of  the concurrent  behav ior  in the present  
exper iment  Fur ther  suggesuon of  behavioral  history inter- 
ference was seen in this m o n k e y ' s  pat tern of  responding dur- 
ing the f ixed-intervals  which resembled  fixed-ratio pat terns 

In general ,  when mco tme  did function as a reinforcer  to 
maintain responding at rates greater  than for sahne m the 
absence of  a concurrent  food schedule (FR I), the addition of  
the concurrent  food schedule did not  reduce higher rates of  
self-administrat ion.  Similar results have been reported for 
the schedule-reduction of  d-amphetamine  and cocaine  self- 
administrat ion m rats [29,37]. In one exper iment  [37], under  
condit ions similar to the present ,  in t ravenous  self-injection 
by rats of  d-amphetamine  at a dose that maintained respond- 
mg on a s~mple FR 1 schedule was not  increased by the 
addit ion of  a concurrent  f ixed-ume food schedule al though 
the rates dunng  the concurrent  schedule with these doses  
stdl exceeded  saline control  rates.  

The  reason for the mabihty to re-estabhsh schedule-  
reduced mco tme  seif-admlnistraUon following the simple FR  
1 schedule at the levels  originally obtained on the Concur ren t  
I schedule  m two monkeys  (M570, M232) is not  clear.  It  was 
not due to tolerance to the pharmacological effects of  the drug 
because in certain cases doses later m the Concurrent  II regi- 
men were  self-administered at levels  which exceeded  levels  
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of self-administration of prewously tested doses and the ef- 
fect was not dose related 

The temporal occurrence of the mcotme injections seen 
here d~ffered somewhat from that often seen with other 
schedule-induced behawors. Schedule-mduced polydipsm, 
for example, has been reported to occur pnmanly  m the 
Immediate post-pellet period [8,9] In general, the monkeys 
m this study made the majority of their responses on the FR 
lever dunng the first three quarters of the interval. Some FR 
responses however, also occurred later in the interval coin- 
cident with high rates of FI responding A slmdar pattern has 
been reported for schedule-induced dnnklng m rats when the 
ammals could engage in both behawors concurrently be- 
cause of the spatial proximity of the manlpulanda [26] Thus, 
the temporal pattern of FR responding is not entirely differ- 
ent from other reports of schedule-reduced behaviors and 
may be related to the ease in making the schedule-controlled 
and schedule-induced responses concurrently 

It might be expected that the repeated self-administration 
of active doses of mcotme would result m disruption of the 
concurrent fixed-interval responding Such a disruption 
should then result in hmxtmg the reduction of further self- 
administration behavior D~rect effects of the drug on con- 
trolling schedule performance and induced behavior has 
been reported w~th schedule-induced oral opmte self- 
administration [22]. Such d~srupt~ons m overall FI rates d~d 
not occur in the present study (F~g 3) and thus was not the 
major varmble m determining the levels of schedule-reduced 
self-administration. 

EXPERIMENT II 
NICOTINE FR 10 SELF-ADMINISTRATION 

This study was conducted to test the reinforcing proper- 
ties of doses of mcotme that mamtalned responding on an FR 
1 schedule m Experiment I, when these doses of the drug 
were avadable on an FR 10 schedule of reinforcement 

Procedure 

Four monkeys were used in this part of the study Monkey 
3018 had been in the previous experiment whde monkey 432 
was experimentally nmve The remaining two animals (4173, 
M233) were experienced with the substitution procedure and 
did not require training Following completion of the previ- 
ous study (see above) monkey 3018 was rapidly trained to 
respond on the left lever for cocaine (50 ~g/kg/injectmn) on a 
gradually incremented ratio to a final fixed ratio of 10 (FR 
10) 

The monkeys were housed m self-administration cubicles 
and wore restraint harnesses as described in Experiment I 
The ammals were fed as previously described but were 
allowed free access to water dunng the sessions as well as 
dunng all other times 

After catheter lmplantaUon and recovery from surgery, 
monkey 432 was trained to respond on the left lever for 
cocaine lnjecUons on an FR 1 schedule and gradually brought 
up to an FR 10. Daaly sessions were 60 minutes When stable 
FR 10 responding for cocaine occurred in all four monkeys 
(less than 10% devmtlon from the mean for 3 consecutwe 
days), doses of nicotine (10-300/zg/kg/mjectmn) or sahne 
were substituted for cocmne rejections for four consecutive 
days Following each dosage substitution the animals were 
returned to cocaine for at least three days or until stable 
responding occurred 

The four monkeys were tested with the following doses of 
nicotine in the following order" Monkey 3018 received 0, 30, 
10, 100, 0/xg/kg/injecUon, monkey 432 was given 0, 10, 30, 
100, 0/xg/kg/mjectlon, monkey M233 was tested with 0, 10, 
30, I00, 0 and 300/xg/kg/mjectlon, and monkey 4173 received 
0, 100, 30, 10, 300, 0/zg/kg/mjectlon 

Data Analyses 

The mean number of injections of nicotine for the last 
three days of substitution was calculated for each dose for 
each monkey InJection rates for cocaine are based on all 
cocaine baseline days throughout the study. A dose of a drug 
was considered to be functioning as a reinforcer if mean rates 
of self-admlmstratlon exceeded saline rates and the ranges 
did not overlap. The within-session distributions of inJec- 
tions for cocaine, saline and each nicotine dose were calcu- 
lated as the mean percentages of the total number of inJec- 
tions per 15-mm session segment for all four monkeys 

RESULTS 

The two monkeys (3018, 432) that needed to be trained on 
the fixed-ratio 10 schedule rapidly acquired responding, 
and cocaine injections (50/~g/kghnjectlon) maintained stable 
FR 10 performance in all four animals Characteristic fixed- 
ratio responding was demonstrated, with steady rates of re- 
sponding leading to the injection dehvery and small pauses 
following reinforcement. 

The nicotine dose-response curves and control rates are 
presented in Fig 4 The mean number of cocaine injections 
for individual monkeys ranged from 29 to 71 injections 
Saline substitution resulted in low levels of self- 
administration w~th average injection rates of 4 to 6 injec- 
tions per session Substitution of doses of nicotine (10-100 
/zg/kg/lnjection) produced relatively flat, reverted -U'" 
shaped dose-response functions with at least one dose 
in all monkeys maintaining responding above saline levels 
where the ranges did not overlap Maximal rates of self- 
administration were maintained by 30/xg/kg/lnjectlon of the 
drug in three of the four monkeys. The highest dose of 300 
/zg/kg/mjection was tested m two animals In these monkeys 
(M233, 4173), 300 /zg/kg/mjectton nicotine decreased re- 
sponding to w~thm the saline range 

Total mcotme intake was related to dose. Maximal intake 
occurred at the highest dose tested (300 p.g/kg/injectlon) re- 
suiting in an average of 1460 txg/kg/sesslon Although these 
are high doses of nicotine, upon observation following the 
high-dose session the monkeys appeared somewhat hyper- 
reactive but otherwise normal No signs of emes~s were 
noted at any dose tested 

The distribution of injections of cocaine, sahne and 
nicotine are shown in Fig 5 Cocaine injections were evenly 
distributed throughout the 60-mm session whde saline sub- 
st~tuuon resulted m negatwely accelerated patterns with 
57-82% of the injections taken in the first 15 mm of the 
session Nicotine, at doses of 10-300/~g/kg/lnjectlon, yielded 
patterns of self-administration which resembled saline in 
three of the monkeys The fourth monkey (432) however. 
self-admlmstered one dose of nicotine (10 /zg/kg/mjectlon) 
throughout the session in a pattern that more closely resem- 
bled distribution patterns of cocaine than saline 

DISCUSSION 

Nicotine was shown to maintain fixed-ratio lO responding 
in all four monkeys The results, however, suggest that 
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FIG 4 The mean number of injections of each dose of nicotine 
self-admmmtered by each monkey Points above c/s represent the 
mean number of self-administered reJections of cocaine and saline, 
respectwely Nicotine and saline points are based on the last three 
days of each dosage substltuUon Cocaine data are based on all 
cocaine days throughout the study Vert]cle hnes around each point 
represent the range 

mcotme is a marginal reinforcer for a variety of  reasons. 
First ,  with the exception of  one animal (432) the rates of 
nicotine self-administration in the present study were below 
the range of  cocaine-maintained responding.These results 
are consistent with a number of  other reports of  nicotine- 
maintained responding when compared to other reinforcing 
drugs. Griffiths e t  al.[14] for example,  found that in baboons 
FR 160 rates of mcotlne-maintained responding were much 
lower than cocaane self-administration rates. Additional re- 
ports of  low rates of  nicotine-reinforced responding have 
been published for the baboon [1], rhesus monkey [7,38], and 
rat [16,20]. 

Another  characteristic of  mcotine self-admlnmtration 
seen m the present study is the relatively flat dose-effect 
curves. Small interdose differences in responding for IV 
mcotine are a common occurrence m mcotme self- 
administration studies where different doses have been tested 
[7, 14, 21, 38] Also, m humans, measures of  cigarette 
smoking behavior (presumably mcotme self-admmistraUon) 
were found to be unaffected by nicotine dose [15]. 

A final result that suggests that mcotlne 's  reinforcing effi- 
cacy may differ from that of cocaine is the distribution of  
rejections across the session. The negatively accelerated pat- 
terns at doses of  nicotine which did maintain responding 
above saline control resembled the injection distribuuon 
seen with saline substitution and indicate extinction of  re- 
sponding through the session. It is possible that the nega- 
tively accelerated distribution might be the result of within- 
session tolerance to the reinforcing properttes of  the drug 
There is some evidence for the rapid development of  
tolerance to certain effects of nicotine [7, 18, 36]. Hen- 
nlngfield e t  a l  [18] found that human subjects self- 
admimstering IV mctotme reported that the maximal 
euphoric effects of the drug were produced by the initial 
reJection and decreased with the following injection. The au- 
thors report  that self-administration rates decreased when 
the euphoric effects became weak The present results may 
parallel these findings and indeed represent extmctton of 
nicotine-maintained responding as the session progressed 
An alternative explanation,however,  is a response-rate de- 
creasing effect as a result of  cumulative mcotine doses,  
which is somewhat supported by the greater negative accel- 
eration seen at the higher unit doses of  nicotine. 
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FIG 5 Thedlstdbutionofmjectlonsforcocaine, sahne and doses of 
mcotme Data are presented as the mean percent of the total number 
of mject~ons per 15-mm sessmn segment Nicotine and saline data 
are based on the last three days of substatutlon at each dose of the 
drug Cocaine data are based on all cocaine days throughout the 
study 

G E N E R A L  DISCUSSION 

The present study extends our previous findings [34] of  
nicotine self-administration at higher rates and lower doses 
during a schedule-induction procedure (concurrent schedule) 
than during a single component simple FR schedule. In Ex- 
penment  I three types of  behavior occurred : (a) Fixed- 
interval food maintained responding, (b) responding main- 
talned by IV nicotine, and (c) responding for IV nicotine 
which was induced by the presence of  a concurrent fixed- 
interval schedule of food reinforcement. Expenment  II 
demonstrated that the doses of  nicotine that functioned as 
reinforcers to maintain FR 1 responding in Experiment 1 
were effective as postive reinforcers to maintain FR 10 re- 
sponding in a standard drug self-administration substitution 
procedure.  

The behavior which was induced by the concurrent FI  FR 
schedule was particularly interesting because it was topo- 
graphically similar to the schedule-controlled response (i.e., 
lever-pressing) and because it was an arbitrary response rel- 
ative to the IV nicotine infusion. In this respect,  the 
schedule-induced IV self-administration of  nicotine differs 
from most types of schedule-induced behaviors which are 
typically behaviors inherently related to the environmental 
stimulus involved. The best  example of  this is schedule- 
induced drinking where the response of  licking is intrinsi- 
cally related to fluid consumption. Another  schedule- 
induced behavior is the ingestion of  nonfood substances, 
called pica behavior. In monkeys for example, wood shav- 
ings pica involves the tactile manipulation and direct oral 
ingestion of  the shavings. In contrast,  in the present study 
lever pressing is not inherently related to IV nicotine admin- 
istration yet  the response was schedule-induced It might be 
argued that the FI  food schedule induced lever pressing p e r  
se  which was directed towards the other lever This was not 
the case however,  since the rates of  FR 1 lever pressing were 
not changed (i.e., schedule-induced) by the presence of  the 
food reinforcement schedule when saline was available on 
the FR lever. If  the behavior of  lever pressing was what was 
reduced, it would be expected that rates would have been 
increased during this condition also. 



68 S L I F E R  A N D  B A L S T E R  

N~cotme was found  to be  an  ef fec t ive  r e in fo rce r  to main-  
t am  r e s p o n d i n g  on  b o t h  the  F R  1 and  F R  10 schedu le  of  
r e i n f o r c e m e n t  at  s imi lar  doses  T he  h ighes t  ra tes  o f  FR l0  
se l f - admin i s t r a t ion  r e s p o n d i n g  o c c u r r e d  at  a dose  of  30 
/zg/kghnjectmn,  a dose  tha t  main ta ined  the  h ighes t  rates  of  
s e l f - a d m i m s t r a t m n  on  the  s imple  F R  1 schedu le  Tota l  ses-  
s ion re takes  o f  n ico t ine  we re  a lso s imi lar  a t  re in forc ing  doses  
(30 and  100/xg /kghnjec tmn)  in the  two  experaments  (approx-  
Imate ly  600 and  1200 /zg/kg respec t ive ly ) .  T he  doses  tha t  
we re  effecUve m m a m t a m i n g  r e s p o n d i n g  in the  p r e s e n t  s tudy  
(30-100/xg /kg / in jec t ion)  are  c o n s i s t e n t  wi th  doses  r e p o r t e d  
b y  o t h e r s  to  ma in t a in  IV se l f -admin i s t r a t ion  r e s p o n d i n g  on  
f ixed- in te rva l  and  f ixed-ra t io  s chedu le s  m squi r re l  m o n k e y s ,  
b a b o o n s  and  dogs  [1, 12, 30,35]. 

Re la t ive  to the  ra tes  o f  r e s p o n d i n g  for  doses  o f  3 and  l0  
/~g/kg/ injectmn,  ra tes  of  se l f -admin i s t r a t ion  of  s a h n e  and  the  
lowes t  dose  of  n icot ine  (0 1/xg/kg/mject lon)  were  not  signifi- 
cant ly  increased  d u n n g  the c o n c u r r e n t  schedules  This  tmphes  
the  i nvo lvemen t  o f  pharmacolog ica l  factors  Ttus  increase  in 
se l f -admlmst ra tmn of  low doses  by  the add l tmn of  a concur ren t  

"f ixed-interval  food schedule  is cons i s ten t  wi th  Fa lk ' s  [10] pro- 

posal  tha t  schedu le - lnduc tmn resul ts  m an e n h a n c e m e n t  of  the 
re inforcing proper t ies  of  even t s  whose  mheren t  proper t ies  are 
no t  su f f ioen t  to mmnta ln  r e spond ing  on a s~mple schedule  On 
the  o the r  hand,  the  ra tes  of  n ico t ine-main ta ined  responding  at 
re inforcing doses  were  not  sensi t ive to schedule- induct ion  as 
demons t r a t ed  by  the  lack of  increase  m ra tes  of  responding  for 
nicot ine  mfuslons  

In s u m m a r y ,  this  s tudy  shows  an  e n v i r o n m e n t a l -  
pha rmaco log ica l  in te rac t ion  b e t w e e n  a schedu le  of  mterm~t- 
t en t  food r e i n f o r c e m e n t  p r e s e n t a t m n  and  the  i nhe ren t  rein- 
forc ing (pharmacolog ica l )  p roper t i e s  of  m c o t m e  Fur the r -  
more ,  the  e n v i r o n m e n t a l - p h a r m a c o l o g i c a l  in te rac t ion  was 
only  a p p a r e n t  at low doses  o f  the  drug sugges t ing  tha t  phar-  
macolog ica l  fac tors  p r e d o m i n a t e  and  are  not  af fected by  the  
l nduc tmn  p r o c e d u r e  at  doses  which  have  in t r ins ic  re inforc-  
ing proper t i es  
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