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PHARMAC. BI()CHEM. BEHAV. 13121215-220, 1980.--Afler rats at reduced body weight had established responding by 
lever pressing for nicotine injections under a food delivery schedule iFT60 sec) for I hr daily sessions for 14 days, the rate 
of responding was maintained over a second 14-day period even after removal of the schedule. However, the rate was not 
maintained by rats lever pressing for normal saline without the schedule over the second 14-day period after self adminis- 
tration had been established for nicotine under the schedule. Other rats maintained at reduced body weight were allowed to 
lever press for nicotine over a 28-day period without the food delivery schedule. Their rate of self administration increased 
from initially low levels until at the end of the 28-day period the rate had reached that of rats sell" administering nicotine 
adjunctive to the food delivery schedule throughout the same period. Without the schedule, rats at reduced body weight 
self administering normal saline or rats at normal body weight self administering nicotine, continued to lever press only at 
very low rates throughout the 28-day period. It is suggested that rats maintain self administration of nicotine if the behavior 
can be established for a critical intake of nicotine over a critical peric~ of time. The food delivery schedule appears only to 
hasten the establishment of the behavior but is not essential for self administration of nicotine by rats. 

Self administration of drug Nicotine Duration of experiment Influence of schedule 

IT has  been  s h o w n  that  a large range  of  narco t ic  drugs  16, 10, 
15] and  var ious  cent ra l  s t imulan t s ,  such as d e x a m p h e t a m i n e ,  
m e t h a m p h e t a m i n e  and  coca ine  [3, 5, 12] are self- injected by 
expe r imen ta l  animals .  Nico t ine ,  howeve r ,  is self  adminis -  
te red  by rats  in s ignif icant  a m o u n t s  only u n d e r  cer ta in  con-  
di t ions.  

Lang,  Latiff,  M c Q u e e n  and Singer  I I II found that  rats  at 
r educed  body  weight  self  in jected n icot ine  at a g rea t e r  rate 
than  they did normal  saline.  It was  fu r the r  found that  ra ts  at a 
r educed  body  weight  and  u n d e r  the  inf luence  of  an FT60 sec 
food de l ivery  schedule  self  admin i s t e r ed  even  g rea te r  
a m o u n t s  of  n icot ine .  These  s tudies  have  s h o w n  that  n icot ine  
is capab le  of  main ta in ing  r e spond ing  even  though  the rein- 
forc ing eff icacy of  n ico t ine  may be low. It was  conc luded  
that  there  was an in te rac t ion  b e t w e e n  pharmaco log ica l  and 
e n v i r o n m e n t a l  var iab les  tha t  led to the ini t iat ion and  main te-  
nance  of  r e spond ing  for n icot ine  by rats. 

T h e s e  va r iab les  have  been  inves t iga ted  fu r the r  in the  
p resen t  expe r imen t s .  In E x p e r i m e n t  1, the food de l ivery  
schedu le  was r e m o v e d  af te r  sel f  admin i s t r a t i on  of  n ico t ine  
had been  es tab l i shed ,  in o rde r  to inves t iga te  the i m p o r t a n c e  
of  the  schedu le  in main ta in ing  r e spond ing  for  n icot ine .  In 
E x p e r i m e n t  2 bo th  the schedu le  and the drug were  r e m o v e d  
to inves t iga te  any  in te rac t ion  be t w een  pharmaco log ica l  and 
e n v i r o n m e n t a l  factors .  In E x p e r i m e n t  3 the n ico t ine  self  in- 
fusion ra tes  of  rats  tit 80% body  weight  wi thout  the  schedu le  
were  inves t iga ted  o v e r  a longer  per iod of  days  t han  in the  
ear l ier  s tudy I 111. Th i s  was  done  to d e t e r m i n e  the  effect of  
var iab les  in a l ter ing acquis i t ion  of  self  admin i s t r a t ion .  In Ex- 
pe r imen t  4 the  effect  of  body  weight  on  the acquis i t ion  of  self  
admin i s t r a t i on  was inves t iga ted  o v e r  a longer  per iod  of  days.  
The  e x p e r i m e n t s  were  c o n t i n u e d  o v e r  a 28-day per iod and  

the schedule  used was tin FT60 food de l ivery  schedu le  in 
which  a food pellet  is de l ivered  eve ry  60 sec regard less  of  
responding .  

M E T H O D  

A trmmls 

Thir ty  one  male  and 6 female  L is te r  hooded  rats  with no 
pr ior  d rug  expe r i ence  and weighing  240-400 g were housed  
individual ly  in a room kept  at 23 ~_ I°C with a 12 hr light-12 
hr  dark  cycle.  Wa te r  was avai lable  at all t imes  in the home  
cage.  

The  male  ra ts  were r andomly  ass igned  to G r o u p s  1-5 and 
were  r educed  to 80cA of  the i r  f ree- feeding weight  o v e r  7 days  
by res t r ic t ing  the i r  food. The  female ra ts  were  ass igned to 
G r o u p  6 and ma in ta ined  at f ree- feeding weight .  The  female  
rats  were ass igned  to this  g roup  because  they were  smal ler  
and to reduce  the i r  weight  would have  enab led  t hem to es- 
cape  the  ha rne s s  desc r ibed  below.  In addi t ion ,  o v e r  the 
28-day per iod,  f ree-feeding male  ra ts  were  found  to ou tgrow 
the i r  ha rness .  No  d i f fe rences  have  been  o b s e r v e d  in our  ex- 
pe r imen t s  with respect  to bar press ing for n icot ine  injec- 
l ions by rats  of  e i ther  sex. 

All an imals  werc wcighed and anes the t i zed  with pen- 
t oba rb i t one  sodium or a mix ture  of  m e t h o h e x i t o n e  and  
a m y l o b a r b i t o n e ,  in jected in t raper i tonea l ly .  An in t r avenous  
cannu l a  of  SP 28 (Dural  Plast ics  and  Eng. Pry. Ltd.)  was 
surgical ly  implan ted  into the right jugu la r  vein of  each  rat so 
that  the  tip of  the cannu la  lay jus t  above  the right vent r ic le  of  
the  hear t .  The  cannu la  was passed  s u b c u t a n e o u s l y  and  left 
the  rat t h rough  the skin be tween  the ears.  The  cannu l a  was 
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maintained in place by a lightweight leather  harness [13l 
worn by each animal.  

The cannulae were kept patent by flushing twice weekly 
with 2 ml of  heparin 200 units/ml. Fol lowing a 3-day recovery  
period the animals were placed in a Skinner  box for I hr/d 
training session,  for 3 consecut ive  days,  at approximate ly  
the same time each day.  The session c o m m e n c e d  with an 
initial priming dose of  the drug or  saline. While in the Skin- 
ner box,  the harness wax connec ted  to a swivel system [ 17] 
for infusion of  the drug, which al lowed the animal relatively 
free movement .  The FT60 food del ivery schedule opera ted  
during the training session if it were  to operate  in the experi-  
mental sessions.  

Apparatus 

The exper imenta l  chamber  was a Skinner box (R.S. Hales  
Equipment  Ply. Ltd.) of  c lear  Plexiglas measur ing 
35×32×32  cm with a lever  and a pellet d ispenser  unit at- 
tached to adjacent  walls. The lever  was 8 cm from the corner  
and 10 cm from the floor. The  d ispenser  was 8 cm from the 
corner  and 5 cm from the floor. 

Depress ion of  the lever  resulted in del ivery of  83 ktl, ove r  
a 5 sec period,  of  ei ther  a nicotine solution or  saline by an 
infusion pump (Sage Ins t ruments .  Model  341). A 5 sec t ime 
delay was incorporated so that during this interval further  
lever  presses  did not result in drug infusion. The pellet dis- 
penser  was set to del iver  I pellet every  60 sec, thus operat ing 
an FT60 food delivery schedule.  The pellets used were 
N o y e s  45 mg food pellets. Wate r  was not available during the 
exper imenta l  session and the vacant  hole was left un- 
covered .  

The del ivery of  the drug, cont ingent  on lever pressing, 
was moni tor ied by a National  Semiconduc to r  Microproces-  
sor. The mic roprocessor  also recorded both lever  presses  
and infusions ove r  consecut ive  5 min intervals for the 60 rain 
exper imenta l  session. 

The anesthet ic  used during surgery was pentobarbi tone  
sodium (Nembuta l ,  Abbott  I ,aborator ies  Pry. Ltd.) or a mix- 
ture of  amylobarb i tone  (Sodium Amytal ,  Eli Lilly and Co.)  
and methohex i tone  (Brietal,  Eli I,illy and Co.). The combi-  
nation of  amylobarbi tone  (3.0 mg/ml) and methohex i tone  
(17.6 mg/ml) was given intraperi toneally at a dose of  1.7 
ml/kg. 

A solution of  nicotine hydrogen tartrate (B.D.H.  I,td.) in 
0.cY:; - sterile saline was made up daily prior to the experi-  
mental sessions.  The volume of  the injection was 83/.tl. The 
injection dose was 0. I mg/kg. 

E X P E R I M E N T  1: E F F E C T  O F  R E M O V I N G  T H E  
S C H E D U L E  ON T H E  R A T E  O F  S E L F  

A D M I N I S T R A T I O N  O F  N I C O T I N E  

In this exper iment ,  the rate of  self infusion of  nicotine 
after removal  of  the schedule after 14 days was compared  to 
that of  rats continuing to respond under the influence of  the 
FT60 schedule  throughout  the 28-day period. 

METHOD 

Rats of  Groups  I, 2 and 3 were given access  to nicotine 
injections via lever pressing with an I-'T60 schedule  for I 
hr/day. After  14 days rats of  Group 1 cont inued under the 
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FIG. I. The upper panel shows mean daily rates of infusion of 
nicotine. Over the first 14 days the mean rates of infusion of Groups 
I, 2 and 3 were combined (open squares i ~). These rats were at 80¢/~ 
of free-feeding weight and under the influence of the 1"!"60 food 
schedule. After Day 14, Group I (open squares I-) continued lever 
pressing for nicotine under the influence of the schedule, whereas in 
Group 2 (filled squares II) nicotine injections were available but the 
schedule was discontinued. The lower panel shows histograms of 
mean infusions with standard errors of nicotine over each 7-day 
period. The open histograms are of Group 1 and the closed histo- 
grams are of Group 2 rats. 

same condit ions while rats of  Group 2 cont inued without the 
schedule.  The rats were at 80c/~ of  their free-feeding weight. 

RESUI.TS 

Over  the first 14 days rats on the FT60 schedule sell" ad- 
ministered nicotine at 11.89 infusions/hr (SEM=0.57 ,  18 
rats). This corresponds  to an intake of 0.36 mg nicotine/hr 
(SEM=0.02 ,  18 rats). Rats continuing to bar press for 
nicotine under the FT60 schedule ove r  Days 15-21 had a 
mean infusion rate of  14.19/hr ( S E M = I . 5 1 ,  6 rats) and a 
corresponding nicotine intake of  0.43 mg/hr (SEM=0.09 ,  6 
rats) and for Days 22-28, an infusion rate of  16.67/hr 
(SEM=2.98 ,  6 rats) and an intake of  0.50 mg nicotine/hr 
(SEM = 0.23, 6 rats). Rats self administering nicotine without 
the schedule,  over  the second 14 days,  maintained their rate 
of  infusion with 16.91 infusions/hr (SEM =2.14, 6 rats) and a 
corresponding nicotine dose of  0.51 mg/hr (SEM=0.13 ,  6 
rats) over  Days 15-21 and 16.14 infusions/hr ( S E M =  1.72, 6 
rats) and a nicotine dose of  0.48 mgJhr (SEM =0.14, 6 rats) 
for Days 22-28. Over  Days 15-21 the rate of self administra- 
tion without the schedule was not significantly different from 
that of  animals lever  pressing under the schedule (p--0.05, t 
test,  10 d,l). Over  Days 22-28 the rate of self administrat ion 
without the schedule was maintained and again did not diffcr 
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from that of  rats lever  pressing under  the schedule (p >0.05.  t 
test,  10 dl). Results  are shown in Fig. 1. 

In summary,  after rats established a rate of  self- 
administrat ion of  nicotine on a food del ivery schedule  for 14 
days,  the rate of  self-administrat ion was maintained ove r  a 
subsequent  14 day period even though the schedule was re- 
moved.  

E X P E R I M E N T  2: E F F E C T  OF  R E M O V I N G  BOTH 
S C H E D U L E  A N D  N I C O T I N E  ON S U B S E Q U E N T  S E I . F  

A D M I N I S T R A T I O N  

The rate of  self administrat ion of  nicotine after removal  of  
the food del ivery schedule was compared  to the rate of  self 
administrat ion after both the schedule and the drug had been 
removed .  

METHOD 

After  14 days rats of  Group 2 cont inued to lever  press to 
obtain nicotine whereas  in the case of  rats of  Group 3 the 
nicotine solution was replaced by saline. The food del ivery 
schedule was withdrawn from both groups.  The  rats were at 
80% of their  free-feeding weight throughout  the 28-day 
period. 

RESUI,TS 

Rats in Group 3 self  administer ing saline without the 
schedule had an infusion rate of  7.29/hr (SEM = 1.00, 6 rats). 
The rate fell further during Days 22-28 to 6.14 inject ions/hr  
(SEM=0 .74 ,  6 rats). 

Over  Days 15-21, the rate of  rats in Group 2 self  adminis- 
tering nicotine without the schedule was not significantly 
different from that of  saline without the schedule q~>0.05, t 
test,  10 dl). Howeve r ,  the rates of  the animals in Groups  2 
and 3 were significantly different over  Days 22-28 (p <0.I)5, t 
test,  10 di). Results are shown in Fig. 2. 

In summary,  although rats maintained their  rate of  self 
administrat ion of  nicotine over  a second 14 day period after 
removal  of  the food del ivery schedule,  this was not the case 
if normal saline replaced the nicotine injections during the 
second 14 day period. The rate of  lever  pressing for normal 
saline fell significantly. 

E X P E R I M E N T  3: G R A D U A L  A C Q U I S I T I O N  O F  S E L F  
A D M I N  I S T R A T I O N  AT 8(~A BODY W E I G H T  W I T H O U T  

T H E  S C H E D U L E  

In this exper iment ,  the rate of  self  infusion of  rats at 80cA 
body weight under  the food del ivery schedule was compared  
with that of  rats without the schedule ove r  a 28-day period. 

MI'TI tOI)  

Rats of  Group I were given access  to nicotine inject ions 
under the influence of  the schedule for 28 days.  Rats of  
Group  4 were also given access  to nicotine injections for 28 
days but the schedule did not operate.  Rats of  Group 5 had 
access  to saline injections for 28 days without the schedule.  
All rats were maintained at 80rA body weight. 

R ESU I.TS 

Rats at 80rA body weight self  adminis tered saline at a 
constant  low rate. The mean infusion rate of  saline ove r  28 
days was 4.88/hr (SEM =0.47, 6 rats). Rats self  adminis ter ing 
nicotine at 8(VA body weight without the schedule had an 
initial infusion rate of  3.98/hr (SEM=0.61 ,  7 rats) with a 
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FIG. 2. The upper panel shows mean daily rates of infusion of 
nicotine. Over the first 14 days the mean rates of infusion of Groups 
I, 2 and 3 were combined (open squares ,-I). These rats were at 80~A 
of free-feeding weight and under the influence of the FT60 food 
schedule. After 14 days Group 2 (filled squares II) had nicotine 
solution available for self injection and Group 3 (open hexagons O ) 
had nicotine solution replaced by saline. Neither group was under 
the schedule over the second 14-day period. The lower panel shows 
histograms of mean infusions with standard errors of nicotine over 
each 7-day period. The closed histograms arc of Group 2 and the 
open histograms are of Group 3 rats. 

corresponding nicotine intake of  0.12 mg/hr (SEM=I) .01,  7 
rats) for Days 1-7. This increased to 6.43 infusions/hr 
(SEM =0.87, 7 rats) and 9.84 infusions/hr (SEM = 1.25, 7 rats) 
with nicotine intakes of  0.19 mg/hr (SEM=0.05 ,  7 rats) and 
0.30 mg/hr (SEM=0.07 ,  7 rats) for Days 8-14 and 15-21, 
respect ively .  Over  Days 22-28 the mean number  of  infusions 
was 13.16/hr (SEM=1.76 ,  7 rats) and nicotine intake was 
0.39/hr (SEM =0. I I, 7 rats). 

Over  Days 1-7 the infusion rate without the schedule was 
not significantly different from the rate of  self injection of  
saline (p':-0.05, t test,  I ! d.l). The rates of  saline administra- 
tion over  Days 8-14 and 15-21 are not different from those of  
nicotine self administrat ion (p:>0.05, t test.  I1 dl) and 
(p >0.05. t test,  I1 d]). respect ively .  Over  Days 22-28, the 
rate of  self administrat ion of  nicotine without the schedule 
was significantly different from that of  saline (p <:0.05, t test,  
II d.l). 

As reported in Exper iment  1, animals self administer ing 
nicotine under  the influence of  the schedule maintained a 
high intake of  nicotine ove r  28 days. Over  Days 1-7, the 
infusion rate of  animals self administer ing nicotine without 
the schedule was significantly different from the rate of  self 
administrat ion with the schedule (p<0.05,  t test,  I I dr). Over  
Days 8-14 and 15-21 the rate of  nicotine self administrat ion 
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FIG. 3. The upper two panels show mean daily rates of infusion of 
nicotine of rats at 8(~ free-feeding weight. Group 1 (open squares 
I J) self administered nicotine under the influence of the schedule. 
Group 4 (closed circles O) had access to nicotine and Group 5 (open 
triangles/,.) had access to normal saline: neither Groups 4 or 5 were 
under the influence of the schedule. The bottom panel shows histo- 
grams of mean infusions with standard errors of nicotine over each 
7-day period. ] he  open histograms are of Group I, the closed histo- 
grams of Group 4 and the hatched histograms of Group 5 rats. 

wi thou t  the schedu le  was not  different  f iom that  of  ra ts  
u n d e r  the  inf luence  of  the s chedu le  (p >0 .05 .  t tes t ,  11 d D and  
(p>0 .05 ,  t tes t ,  I I dJ), respec t ive ly .  Also o v e r  Days  22-28,  
the ra tes  of  n icot ine  self  admin i s t r a t i on  with and  wi thou t  the 
s chedu le  were  not  s ignif icant ly different  (p---0.05, t test ,  11 
dl) .  Resul ts  are shown  in Fig. 3. 

in s u m m a r y ,  init ially,  rats  at 80r,~ of  normal  body  weight  
wi thou t  the FT60 schedu le ,  self  admin i s t e r ed  nicot ine  at a 
ra te  not different  f rom that  lk)r normal  saline.  Dur ing 28 days ,  
h o w e v e r ,  the infusion rate for n ico t ine  had inc reased  so that  
it was not s ignif icant ly  di f ferent  f rom that  of  ra ts  r e spond ing  
for n icot ine  unde r  the inf luence  of the FT60 schedule .  
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FIG. 4. The upper panel shows mean daily rates of infusion of 
nicotine. Rats in Group 4 (closed circles O) were at 8(F~; of free- 
feeding weight and Group 6 (open circles :9 were at 100c~; of free- 
feeding weight. Both groups had access to nicotine sell" injection :rod 
responded without the schedule. The lower panel shows histograms 
of mean infusions with standard errors of nicotine over each 7-day 
period. The closed histograms are of Group 4 and the open histo- 
grams are of Group 6 rats. 

E X P E R I M E N T 4 :  E F F E C T  O F  BODY W E I G H I "  ( )N T H E  
A C Q U I S I T I O N  O F  S E I , F  A D M I N I S T R A T I O N  

In this expe r imen t  the rate of self  admin i s t ra t ion  of 
n icot ine  wi thou t  the schedu le  of  rats  at 80"2; body  weight was 
c o m p a r e d  to that  of  ra ts  at 10(E~ body  weight ove r  a 28-day 
period.  

METHOD 

Rats  of  Group  4 had n icot ine  in ject ions  avai lable  wi thout  
the food de l ivery  schedule .  These  rats  were  at 80"/( body  
weight.  Rats  of  G r o u p  6 at 1009~ body  weight  were  also given 
access  to n icot ine  in ject ions  wi thou t  the schedule .  

RF.SI.J I.TS 

The self  infusion rate of n icot ine  by an imals  at free- 
feeding weight  is ma in ta ined  at a cons t an t  low rate ove r  28 
days .  The  m e a n  infusion rate is 2.76/hr ( S E M = 0 . 2 5 ,  6 rats). 
As repor ted  in Expe r imen t  3, the self  admin i s t r a t ion  of  
n icot ine  wi thout  the schedule  inc reases  o v e r  the 28-day 
period.  Ove r  Days I -7  and  8-14 the  infusion rate of  an imals  
at f ree- feeding weight  was not s ignif icant ly different  f rom 
rats  at 80e/~ body weight  (p >0.05,  t test ,  I I d.l) and (p ~,0.05. t 
tes t ,  11 d.l), respec t ive ly ,  nor  ove r  Days 15-21 (p- .0 .05,  t 
test ,  11 d.l). Howeve r ,  o v e r  I)ays 22-28 the two groups  were  
s ignif icant ly different  q)-::0.05, t test ,  11 dl).  R c s u h s  arc 
shown  in Fig. 4. 

In s u m m a r y ,  the infusion rate of  an imals  at f ree-feeding 
weight  wi thou t  the schedule  is low and cons t an t  o v e r  28 days  
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and did not reach the level achieved by rats at 8(Y/~ body 
weight without the schedule. 

DISCUSSION 

It has been suggested that the self injection of nicotine by 
rats reduced to 80% body weight under an FT60 schedule 
involves an interaction of pharmacological, environmental 
and nutritional factors [14]. The results of the present exper- 
iments can be discussed in terms of these parameters. 

Earlier findings indicated that animals at 80e/~ body weight 
would self administer nicotine at higher rates than saline 
under an FT60 schedule. It has been found in this study that 
animals at 80% body weight that have self administered 
nicotine for 14 days under an FT60 food delivery schedule 
will maintain self administration for at least another 14 days 
after removal of the schedule. These results indicate a phar- 
macological role of nicotine in maintaining self administra- 
tion behavior. 

Rats at reduced body weight, without the schedule, ini- 
tiate and increase their rate of self infusion until it is not 
different from the rates recorded under the influence of the 
schedule. The pharmacological effects of nicotine reinforce 
the lever pressing and increase the incidence of further lever 
pressing. It appears, therefore, that the schedule is not im- 
portant in the achievement of self-administration behavior 
under 80q~ body weight conditions. The pharmacological ef- 
fects are sufficient to achieve this behavior, given adequate 
experience with the drug. 

Although rats at 8if); body weight will increase their self 
infusion rates over 28 days without the schedule, rats at 
free-feeding weight will not. Nicotine could be thought to 
cause this increase in self administration by acting as an 
appetite suppressant. Alternatively, there is evidence that 
states of deprivation, such as food deprivation in this case, 
can cause both electrical stimulation and physiological im- 
balances. These in turn are capable of increasing spinal re- 
flex excitability resulting in increased readiness to respond. 
This level of activity is further increased by the occurrence 
of a response 116]. This theory of general activation further 
suggests that the lateral hypothalamus is involved in the 
integration of the signals that result in increased excitability. 
Theretore, rats at reduced body weight may have a greater 
readiness to respond than animals at free-feeding weight. 
These animals would then display more exploratory behav- 
ior and would lever press at a slightly higher rate at the 
beginning of the experiment. Nicotine may then reinforce the 
lever pressing and lead to an increase in self administration. 
Animals at free-feeding weight do not display a great amount 
of exploratory behavior, and so do not receive much 
nicotine. It would follow from this that there is a critical 

amount of nicotine that must be self administered by the 
animal before high rates of responding are achieved. This is 
supported by the observation that rats will maintain self ad- 
ministration after removal of the schedule after self adminis- 
tering nicotine under the influence of the schedule. 

These high rates of nicotine infusion can be assured either 
by FT60 food delivery schedule or by allowing a longer 
period of time for self administration to gradually increase. It 
would appear from these experiments that the initiation of 
responding is sensitive to the pharmacological, environ- 
mental and nutritional factors. The FT60 food delivery 
schedule is necessary to generate high levels of responding 
during the acquisition phase, but if the schedule is removed 
after establishment of self administration, there is no altera- 
tion in the rate of self administration. It has been found that 
free-feeding rats will not self administer nicotine at high 
rates. If, however, rats at 80e/~ body weight are allowed to 
establish responding and are then brought back to free- 
feeding weight, they maintain responding [14J. 

It appears that the most important factor in generating the 
high level of self administration is to ensure a critical nicotine 
intake. If this critical intake occurs during the acquisition of 
responding, self administration of nicotine by rats is main- 
tained. 

In humans, nicotine is self-administered by smoking, 
sniffing and chewing tobacco. Evidence exists implicating 
nicotine in the aetiology of smoking. Nicotine occurs in 
higher concentrations than other alkaloids in tobacco smoke, 
and it has been demonstrated that nicotine is also the most 
potent alkaloid at several physiological sites [4]. Armitage, 
Hall and Morrison [11 have suggested that some people 
smoke to achieve a certain level of nicotine. The hypothesis 
has been supported by studies in which it was observed that 
smokers modified their behavior to achieve certain doses of 
nicotine [2,71. Nicotine administration prior to smoking 
produces a small, but significant decrease in the number of 
cigarettes smoked [8]. It has also been observed that intra- 
venous infusion of nicotine to smokers was a pleasurable 
sensation and alleviated the desire to smoke for some time 
after administration 19]. These results which provide further 
evidence for nicotine titration by smokers support the view 
that the tobacco habit in man is in part a form of nicotine 
dependence. The reinforcing properties of nicotine seem to 
be similar in the rat. 
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