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LANG, W. J., A. A. I.ATII'F, A. M('QUI"I!N AND G. SINGER. Self administratio, of  nicotine with and without a 
.fbod deliver.v schedule. PIIARMA('. I,~IOCHEbl. BEIIAV. 7(I ~ 65 70, 1977. --. Rats have been shown to self administer 
a range of narcotic drugs using self injection procedures. However, studies of self administration of nicotine have been less 
successful in inducing rates of sell injection comparable to that with narcotics. In this study different methods o1 self 
administration of nicotine by naive rats are evaluated. In the three series of experiments reported, rats self injected nicotine 
or saline through the jugular vein under normal body weight and reduced body weight conditions and also when the 
injecticms were adjunctive to a food delivery schedule. In a fourth series of experiments, oral intake of nicotine by rats 
under the condition of a food delivery schedule was investigated. The rates of self injection of nicotine by rats over a 
continuous 90 hr session were similar to saline injection rates. At reduced body weight the rate of self injection of nicotine 
was greater than saline. On a fixed interval 61) sec foc~d delivery schedule for two hr a day, the rate of self injection of 
nicotine was significantly greater than the rate of sell' injection of saline tinder the same conditions and also significantly 
greater than that for nicotine injections at reduced body weight without the schedule. lhe  oral intake of nicotine under 
the same ccmditions was similar to the intake c~1 nicotine by schedule induced injections. Schedule induccd serf injections 
provide a paradi,em for testing drug and environmental interactions. 

Self administration ~t' drug Nicotine 

FOR IHt'I SFI ;DY of  certain drug effects  voluntary intake 
by animals  of  non-f lavoured drug solut ions  is considered 
advantageous.  Repor ts  indicate that naive rats will sell  
adminis ter  a range of  opiates  14, 5. 8, 11] and cocaine [5. 
10. 11] using sell  inject ion techniques .  The aim generally 
of such expe r imen t s  is to induce high levels of  drug intake 
for the s tudy of  dependence ,  tolerance and withdrawal  of  
the drug. 

Ano the r  me thod  of  voluntary  drug intake by animals is 
based on schedule- induced polydipsia  (SIP). Animals at 
reduced body weight p resen ted  with a variety of  in termit -  
tent  food delivery schedules  will drink excessive quant i t ies  
of tap water  as well as drug solut ions  which arc normal ly  
rejected because of  their  aversive taste. SIP has been widely 
used to induce rats to drink e thanol  (e.g. J7J ) and solu t ions  
of narcot ic  analgesics (e.g. [gJ ). 

Studies of  in t ravenous  sell  adminis t ra t ion  of n icot ine  
have bccn less successful  in inducing high levels of drug 
intake. In l)eneau and lnoki ' s  13] s tudy,  the monkeys  self 
injected only  negligible doses of  nicot ine base which were 
not suff ic ient  to induce tolerance or wi thdrawal  symptoms .  

In the present  expe r imen t s  d i f ferent  me t h o d s  oi" self 
adminis t ra t ion  of  nicot ine by naive rats were investigated. 
In l -xperirncnt  1, the rates of  self injection of  t w o d o s c s o f  
nicotine and saline were cornparcd when these drugs wcrc 
available over a con t inuous  90 hr session. Since body  
weight reduct ion  is an impor t an t  variable in dcternaining 
the level o f  schedule induced behavior,  rats in Exper iment  2 
were reduced to 80',;; o f  their normal  body weight.  Rates of  
self injection of  the higher close of  nicot ine and saline were 
again compared  over a con t inuous  90 hr session. In 
Exper iment  3, oral intake of  two concen t r a t ions  of  nicot ine 
solut ions under  cond i t ions  of  schedule induced food 
delivery was investigated in a two hr period per day and in 
Expcrirnent  4, the rate of  self injection of  nicot ine under  
the same cond i t ions  of  schedule induced food delivery was 
compared  with that of  a saline control .  

M I.~ l l - tO  1) 

A nimals 

Four  naive Wistar white rats weighing appro×irnately 
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400 g and 56 Lister hooded  rats weighing 250 3 0 0 g w e r c  
housed individually in a room with a 12 hr light-12 hr dark 
cycle. Food and water  were available ad lib. In expe r imen t s  
requiring rats at 80'.:,' of  their  body weight these were 
reduced pr ior  to surgery and then mainta ined at that  
weight,  with water  available ad lib. 

In Fxpe r imen t s  1, 2 and 4, the rats were f i t ted with 
l ightweight harnesses designed to suppor t  tile implanted  
venous cannnlae with a swivel system to alloy,' relatively 
unres t r ic ted  movenlenl .  At surgery,  a cannula of  SP28 
po lye thy lene  tubing was inserted into the jugular vein. Rats 
were allowed three days to recover f rom surgery before 
being assigned to all exper imenta l  group. 

,4 p p a r a t u r  

Tile exper imenta l  c h a m b e r  consis ted of  a Skinner  box 
135 z, 32 x 32 cm)  with a bar which when pressed,  
triggered a t iming device set for a fixed interval o f  5 sec. 
During this t ime a Palmer infusion pump delivered 0.07 ml 
of drug through the cannula  and fur ther  bar presses during 
the 5 sec infusion were not  rewarded with drug injections.  
All animals in Exper iments  1, 2 and 4 were on a con t inuous  
r e in fo rcement  I ( 'RF)  schedule ,  that is, for each bar press, 
one dose of  drug solut ion ',,,as delivered with the excep t ion  
of a 5 sec fixed interval during drug infusion where bar 
presses did not  result in a fur ther  infusion.  For l x p e r i m e n t s  
3 and 4 a pellet d ispenser  v,'as f i t ted to the box which 
delivered a 45 mg Noyes pellet on a F1 60 sec schedule.  In 
Exper iment  3, a l ickometer  tube.  10 cm from the pellet 
dispenser ,  recorded tile number  of licks during each session 
whereas in I{xperiment 4, tile nunlbers  of  bar presses and 
sell in ject ions  were recorded on a cumulat ive recorder .  
F.ach expe r imen t  c o m m e n c e d  by pr iming the ral with an 
initial dose of  drug solut ion or saline. 

Drugs 

Nicotine hydrogen  (+) tar trate  IB . I ) .H . l . t d . }  was pre- 
pared for in t ravenous  adminis t ra t ion  by dissolving it in 
sterile saline 10.9!;~ Na('l}. The anaes thet ic  used for the 
surgery consis ted  of a combina t ion  of n l e thohex i tone  and 
amyloba rb i tone  and the solut ion was injected intraperi-  
toneally.  

EXPI.RIMENI I: RAI-I- ()t"SI:I.I"INJt.ICTtON ()I"NI('OFINE 
AT NoItMAL BODY WEIGHT 

In this expe r imen t ,  the rate of  sell in ject ions  of  nicot ine 
at two doses was compared  with the rate of sell" injection of 
saline over a c o n l i n u o u s  90 hr session. 

P r o c e d u r e  

Yen Lister hooded  rats with venous cannulae were 
placed in the Skinner boxes  for a con t inuous  90 hr session 
with nicot ine available through bar pressing. ["or nine 
cont ro l  rals, saline was available through bar pressing, lhe  
pump delivered 0.07 ml of the solut ions  per infusion.  {he  
nicot ine solut ion was available for self adminis t ra t ion  by 
tile rats at doses of 0.05 and 0.1 mg/kg for each bar press. 
Food anti water  were available ad lib. 

R e s u l t s  

Those rats that bar pressed for nicot ine inject ions 

displayed active and passive period during the 90 hr session. 
Three or nlore responses  per hot,r  was considered i o  be an 
active period.  

Six rats were given an initial prinling dose of 0.05 n/g..'kg 
but only three bar pressed for nicot ine during tile session. 
By averaging the total number  of bar presses per session, a 
f requency of 1 -2 presses per hour  was obta ined .  During 
the active periods,  rats bar pressed for nicot ine from 3 16 
t imes per hour .  v,'hich is equivalenl to 0.15 0.8 mg..kg..hr. 
[ h e  remaining three rats did not bar press ttt a l l t l u r i n g t h c  
firs{ 48 hr of the session and were classified as negative. 
Three of  tile o ther  four rats given an initial 0.1 mg/kg dose 
of nicot ine contint ,  ed to bar press at ;.i,1 averagc rate of 
0 .3-  1 re in forcement  per hour.  l)uring the active periods 
these rats bar pressed tit rates varying from 3 7 injections 
per hour ,  which v,'as equivalent  to 0.3 0.7 mg.kg of 
nicotine per hour  tsee Fig. 1A I. 

()f tile nine saline contro l  rats, three recorded a similar 
nunlber  of bar presses It) lhe nicot ine rats. while tile 
remaining six rats displayed negligible responses similar to 
the negative nicot ine rats Isee big. 21. 

In summary ,  the rats that sell iniected nicot ine ,  did so tit 
a very low average response rate which was Ilt)t different  
from the response rale of rats injecting s l ime.  

t.IXPI.RlXlI-NI 2: RAtI.[()I. SEI.F INJI-XII()N ()1. NI(()IINF. 
,\1 A Rt.II)L (FA) B()IIY WH(;I t I  

lhe  rales of self inject ion of  nicot ine at tile higher dose 
of  0. 1 ,nglkg wcre conlpared with tile rates of  sell  rejection 
ol saline over a con t inuous  t~0 hr session in animals 
mainta ined at 80 ' ;  o f  their  body weight. 

Pr¢)  ~ 'e'd 11 r¢~' 

Nine Lister hooded  rals at 807; body weight were 
cannula ted ,  al lowed to recover and then placed in tile 
Skinner boxes as in [ '[xperimcnt I. Nicotine was made 
available for self adminis t ra t ion  to three rats while tile six 
cont ro ls  had saline available. 

R e s u l t s  

All three rats on an initial dose of  0.1 mg/kg bar pressed 
for n icot ine  tit a rate greater than those that bar pressed for 
this dose of  nicot ine in Exper iment  I. An average fre- 
quency of 4 - 9  bar presses per  hour  was observed in the 
three rats. [ lowever,  during tile active periods rats bar 
pressed for inject ions 1 0 - 3 5  t imes an hour ,  which was 
equivalent  to an intake of  1.0--3.5 mg/kg of nicot ine per 
hour. l-he o ther  six rats bar pressed for saline but the total 
number  of  bar presses over the 90 hr session was similar to 
the bar presses for nicot ine anti saline by rats al 100'; of 
their body weight. This is shown in Fig. 2 where the total 
reinforced responses  over lhe 90 hr session for rats at 80 ' ;  
and 100"~ body weight for saline and nicot ine at a dose of  
0.1 mg/kg have been compared .  Figure 1B, on tile o ther  
hand, presents  tile mean ntunber  of  bar presses per hour  
during the active per iods  of  self adminis t ra t ion  of nicot ine 
anti saline. The nlean nicot ine intake over the 90 hr session 
in this expe r imen t  was 0.27 mg/kg/hr  compared  with a 
mean intake of  0.04 mg,,'kg,.hr m the rats during [-xperi- 
ment 1. 

In summary  then,  the mean nicot ine intake of rats at 
reduced body weight was approximate ly  seven t imes greater 
than that  of  tile free feeding body weight rats. 
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FIG. 1. Presents the mean number of  bar presses per hour ( -S i t )  
during the active periods in l. xperiment  l lA)  and 2(B) for rats sell  
injecting nicotine and saline. ] h e  rates of self adminis t ra t ion of 
nicotine at 0.1 nlg/kge i11t'tlsion are compared for rats at 100';  body 

weight in l ' ixperiment I and g0!; body weight in l(xperiment 2. 

I-Xt'I.RIMI-INI 3: ()RAL INTAKF ()1" NI(()IINIC 

IISIN(; SIP MI-: r } l ( ) l )  

It has been shown that animals al 8()'; hody weight 
when placed on an t:I 60 sec tot)d delivery schedule will 
w)hmtari ly  drink large volumes of water,  or o f  a drug 
solution which they nt)rmally reject. In Exper imen t  3, this 
SIP paradigm was used to examine  nicot ine  intake at two 
c o l l e e n  trations.  

Fro  c c d  It r¢ 

t:our Wistar rals were redt,ced io and mainta ined at 80(; 
of their  body weighl, wilh water  avaik, ble ad lib. r h e  rats 
were placed in the Skinner boxes  for one hour  on a t:1 60 
see schedule.  When lick rates and water  intakes had 
stabilized over a few days, thc water was replaced by 
nicotine soltations in concen t ra t ions  of  e i ther  32 or 64 
~ug/ml. l,ick rates and nicot ine intakes ,,,,'ere recorded for 
each session. After three d a y s  on  nicot ine  the rats were 
re turned to water  and the usual recordings taken. 

Resu l t s  

An individual baseline for lick rate and water  intake for 
each rat was establ ished af ter  a few days. When a nicot ine 
solut ion of  32 ug /ml  replaced water,  the lick rates rentained 
stable for two rats but slight increases were displayed by 
the others .  A 64 ug,;ml soht t ion of  nicot ine in a l i ckometer  
tube for three days generally reduced lick rates and fluid 
intake in all rats. When water  replaced the nicot ine solut ion 
the original lick rate and water  intake was re-established 
over the next  few days. Figure 3 presents  the pa t te rn  of  lick 
rates of  two rats representat ive of  the group.  

The mean nicot ine intake of  the four  rats over the one 

hr session ranged from 0.90 -1 .35 ( x =  1.32 . 0 .091mg/kg  
at the higher concen t ra t ion ,  which was similar to that 
consumed at the lower  concen t ra t ion ,  0.~,% 1 .38 tx  = 1.08 
• 0.10) mg/kg. 

In summary ,  the data show a large voluntary  intake of  
nicot ine which varied slightly with the concen t ra t ion ,  but 
which was much higher when compared  to the mean 
nicot ine intake per  hour  over the 90 hr session in both  
Exper iments  I and 2. 

EXPEI{IMENT 4: RAI'E OFSELI .  INJEC'FI()N O1-" NI( 'OTINE 

()N A FOOl) DELIVERY SCHEI)UI,I'I 

I11 the previous exper imen t s ,  con t inuous  sell inject ions 
over long per iods  of  time were used in an a t t emp t  to 
maximise n icot ine  intake. A pat tern  of  active anti non- 
active per iods  of  self rejection emerged with ntost of  the 
nicot ine intake occurr ing during the active periods. In 
Exper imen t  4, the animals on an FI 60 sec food delivery 
schedule at 80!4 body weight were allowed to self inject 
nicotine for two hr per  day. This rate was compared  with 
the rate of  self inject ion of  saline tinder the same scheduled 
cond i t ions  and with the rate of  sell injection of  nicot ine 
and saline of  anintals at 80!; and 100':; body weight 
wi thout  the food delivery schedule.  

Pro cedure 

The first two groups consis ted of  12 Lister hooded  rats 
with eight self injecting nicot ine at 0.1 mg/kg/ infus ion  for 
each bar press and the o the r  four  rejecting saline. These rats 
at 80!~ body weight were placed on an t:1 60 sec food 
delivery schedule  during the two hr session. l h e  remaining 
groups of  eight rats at 80'3 and eight at 100'/, body weight 
were in t roduced  in to  the Skinner  boxes wi thout  the food 
delivery schedule ,  four rats in each group received nicot ine 
for each bar press and four  received saline, l 'hus ,  in total.  
three groups of  rals self adminis lered  nicot ine  and three 
groups, saline. 

Resul t s  

The ntean n u mb er  of  bar presses for nicot ine during each 
session for the three groups self injecting nicot ine is shown 
in Figure 4A. The mean n u mb er  of  bar presses for the three 
saline groups is shown in Figure 4B. The mean number  of 
bar presses during the two hour  test per iod for the six 
groups is presented  in Table 1. 

1he  bar press data for this expe r imen t  were analysed by 
means of  two way analysis of  variance for drug effect  and 
weight with food schedule cond i t ions  during the two hour  
session. The rate of  bar pressing for nicot ine by the three 
groups was significantly d i f ferent  from that of  the three 
groups pressing for saline. FI 1,221 = 6.78, p< (I.05. "the rate 
of  bar pressing be tween the three di f ferent  body weight /  
schedule cond i t ions  as shown in Table 1 was significant,  
1:{2,22/ = 6.18, p ,  0.01. The interact ion between lhe drug 
effect  and the body  weight cond i t ions  was nol significant,  
F (2 ,2 2 )=  3 .01 ,p7 .0 .05 .  

A Scheffe post  hoc analysis showed that bar pressing 
rates for n icot ine  were significantly higher under  lhe food 
delivery schedule when compared  to 80'7; body weight 
reduced rats wi thout  the schedule ,  [q 2.22~ = 3.90, p,: 0.05 
and hence the lOOC:; body weight rats, F(2,22) = 7.70, 
p <0 .0 1 .  Also saline sell  inject ion rates were significanlly 
lower than nicot ine  self injection rates in a compar ison  of  
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t he  t w o  g r o u p s  on  a f o o d  de l ive ry  s c h e d u l e ,  F( 2,221 = 5 .3 1 ,  
p < 0 . 0 5 .  T h e r e  were  n o  o t h e r  s i g n i f i c a n t  e f f e c t s  b e t w e e n  
the  v a r i o u s  c o m p a r i s o n s  o f  t he  r e m a i n i n g  g r o u p s ,  F ( 2 , 2 2 )  -: 
3 . 44 ,  p >  0 .05 ) .  

l h e  ba r  p r e s s i n g  was  e q u i w d c n t  to a n t ean  n i c o t i n e  
i n t a k e  o f  1.13 0 .36  m g / k g / h r  for  the  f o o d  s c h e d u l e  
g r o u p ,  0.31 • 0 . 13  m g / k g / h r  for  t he  80( ;  b o d y  we ig h t  
r e d u c e d  g r o u p  and  0.11 ' 0 . 07  m g / k g / h r  for  t he  n o r m a l  
b o d y  we igh t  g r o u p .  T h e  d i f f e r e n c e  b e t w e e n  t he  n i c o t i n e  
i n t a k e  fo r  the  80% b o d y  we igh t  ra t s  wi th  and  w i t h o u t  the  
food  de l ive ry  s c h e d u l e  was  s i g n i f i c a n t  It = 5 .20 .  d / =  10. 
p < ' 0 . 0 1 k  H o w e v e r ,  t he  n i c o t i n e  i n t a k e  o f  the  80% an d  
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I.I(_;. 4A. Prcsenls the mean number of bar presses ( .SEt R~r 
nicotine 10.1 mg/kze/infusion) for each session of the three groups of 
rats. 41,I. Presents the mean number of bar presses t ' S t ' )  for saline 

by the three groups of rats. 

100(a body  weight rats  w i thou t  the food delivery schedule  
was not  s ignif icant ly  d i f fe ren t  (t = 0.59, dJ= 10, p : , 0 . 0 5 ) .  

In stHnmary,  the 807; body  weight rats  on the food 
delivery schedule  ba t  pressed for  n ico t ine  at a s igni f icant ly  
higher  rate than  any of  the o t h e r  rats. 

DIS( 'USSION 

To our  knowledge ,  this  is the first repor t  of  schedule  
induced self in jec t ion  of  drugs  by rats. When the i r  b o d y  
weight  is reduced anti food pel lets  are p rov ided  at 60 sec 
intervals,  rats bar  press at cons iderab ly  h igher  rates to  
ob ta in  in jec t ions  of  n ico t ine  than  they do  to ob ta in  saline 
inject ions.  On the o t h e r  hand ,  rats  which  can ob ta in  
n ico t ine  in jec t ions  by bar  pressing w i t hou t  schedule  con t ro l  
will no rma l ly  do so at a rate l i t t le d i f fe rent  to the rate of  
bar pressing to sell" admin i s t e r  in jec t ions  of  saline. 

Previous a t t e m p t s  to s tudy  self a d m i n i s t r a t i o n  of  nico- 
t ine in jec t ions  in rats by ( ' lark [2/  or  in m o n k e y s  by 
l )eneau and  Inoki [31 showed  tha t  even with pr iming,  only  

small a m o u n t s  of  the drug were admin i s t e red ,  suggest ing 
that  n ico t ine  had poo r  re inforc ing  capaci ty .  In cont ras t ,  
Pickens and T h o m p s o n  [10]  showed  that  rats would self  
admin i s t e r  in jec t ions  of  coca ine  and tha t  this  was main-  
tained over  a range of  doses. ] ' hey  conc luded  that  cocaine 
served as a r e in fo rce r  of  behavior .  O t h e r  repor t s  indica te  
similar p a t t e r n s  of  self in jec t ion  for na rco t ic  drugs [4. 5, 8, 
l l l .  

The in take  of n ico t ine  u n d e r  c o n d i t i o n s  of schedule  
induced self in jec t ions  is s imilar  to the in take  unde r  
cond i t i ons  of  schedule  induced  polydips ia  with  so lu t ions  of  
n ico t ine  over  the same period.  It the re fore  appears  tha t  for 
n ico t ine ,  taste aversion is no t  an i m p o r t a n t  fac to r  in 
reducing  drug intake.  14owever, s tudies  by ( ] a r k  [1] 
indicate  tha t  rats  exh ib i t  a p re fe rence  for n ico t ine  so lu t ions  
over water  at c o n c e n t r a t i o n s  up to 64 ug/ml when a slight 
reversal appeared .  It is in te res t ing  to note  in our  s tudy  that  
rats d r ink ing  low or high c o n c e n t r a t i o n s  of  n ico t ine  
so lu t ions  take in equ iva len t  a m o u n t s  of  n ico t ine .  

There  was no  s ignif icant  increase in the rate of saline self 
in jec t ion  by rats  unde r  cond i t i ons  of  schedule  induced  
con t ro l  compared  to the rate w i thou t  schedule  cont ro l .  
This toge the r  with the data  on n ico t ine  in take  suggests tha t  
there  was an in te rac t ion  of  e n v i r o n m e n t a l  and pharma-  
cological factors  leading to the d e v e l o p m e n t  and main- 
ten: ,nee of  self a d m i n i s t r a t i o n  of  n ico t ine .  Some pha rmaco -  
logical ac t ion  of  n ico t ine  occur r ing  u n d e r  schedule  induced  
cond i t i ons  seems to be of  more i m p o r t a n c e  than is the case 
when  bar  pressing for n ico t ine  in jec t ions  is no t  schedule  
induced.  

When n ico t ine  was freely available on bar pressing, it was 
observed in our  e x p e r i m e n t  tha t  the rate of  self in jec t ion  of  
n ico t ine  hy rats  was increased when  thei r  body  weight was 
lowered to 80c~ by food reduc t ion .  l h i s  may mean  that  
n ico t ine  acted to suppress  hunger  or tha t  hunge r  might  have 
evoked the increase in act ivi ty .  f h e s e  possibi l i t ies  are being 
invest igated in add i t iona l  expe r imen t s .  

l-he use of  schedule  induced  c o n d i t i o n s  to ma in ta in  self  
admin i s t r a t i on  of  drug in jec t ions  provides  a new means  of  
s tudy ing  vo lun ta ry  drug in take  m naive animals .  This model  
has the advantage  over s imilar  t echn iques  using schcdule  
induced polydips ia  to admin i s t e r  drugs, because it elimi- 
nates the p rob lem of s imu l t aneous  large water  in take.  It is 
also a paradigm which will a l low the s tudy of  psychologica l  
and physical  factors  in drug taking behav ior  and the i r  
in te rac t ions .  Cons ide ra t ion  of  this in te rac t ion  of the phar-  
macological  and e n v i r o n m e n t a l  fac tors  has been neglected 
in previous  studies.  For  the c o m p a r i s o n  of  d i f fe rent  drugs, 
schedule  induced  sell" in jec t ion  seems to of fer  advantages  
over o the r  e x p e r i m e n t a l  models  in s tudy ing  m a i n t e n a n c e  of  
self admin i s t r a t i on  as well as drug d e p e n d e n c e  and with- 
drawal.  

In these e x p e r i m e n t s ,  no  formal  tes t ing for d e p e n d e n c e  
or wi thdrawal  was c o n d u c t e d .  However,  o t h e r  s tudies  in 
our  l abo ra to ry  indicate  tha t  wi thdrawal  for n ico t ine  is 
min imal  or absent .  l h i s  model  could also be used lor  
test ing d e p e n d e n c e  or wi thdrawal  s y m p t o m s  of o t h e r  drugs, 
for example ,  e t h a n o l  [6}.  
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