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bi ton sodium (35• mg/kg) anaesthesia,  as described by  
FELDBERG and SHERWOOD 5. Penicil l in was adminis tered  
pos topera t ive ly  and a 3-5-day in terva l  elapsed before the  
first exper iment .  All solutions were injected slowly under  
aseptic condit ions in vo lumes  of 0.2 ml  and washed in wi th  
0.1 ml  of 0.9% NaCL The cats  were observed cont inously  
for 2-6 h and i n t e rmi t t en t l y  for 24 to 48 h. The drugs used 
were nicot ine hydrogen  t a r t r a t e  and t e t r a e t h y l a m m o n i u m  
chloride. 

The most  s t r iking effect  of nicotine af ter  i ts in t raven-  
t r icular  inject ion in doses f rom 1,0 to 4.0 mg was a condi-  
t ion of catalepsy.  The  signs of ca ta tonia  appeared wi th in  
10 rain and persisted for about  40 min. W h e n  fully develop-  
ed the  cat  could be placed in near ly  erect  posi t ion wi th  
forepaws over  the  rung of an inver ted  stool. The  cat  re- 
mained  in this posi t ion for about  15 sec. Thereaf te r  the  cat  
s lowly c l imbed down. Moreover,  when the  cat  was induced 
to walk, i t  ceased m o v i n g  af ter  a few steps and s tood 
motionless for a few minutes .  Final ly,  i t  lay down on its 
belly. Dur ing this t ime  the  eyes were half  open and the  cat  
showed l i t t le  in teres t  in its surroundings wi th  no signs of 
affection. W h e n  the  stage of ca ta lepsy wore off, no spon- 
taneous  m o v e m e n t s  were observed and the  cat  would  sit  
usual ly  under  a bench  motionless  for hours if undis turbed.  
The  sedat ion and s tupor  lasted up to 12 h. I t  is in teres t ing 
to no te  t h a t  in some exper iments  ca ta lepsy developed af- 
ter  convulsions.  

In t r aven t r i cu l a r  adminis t ra t ion  of t e t r a e t h y l a m m o -  
n ium in dose of 2 mg po ten t ia ted  the  signs of catalepsy.  
W h e n  the  in t raven t r i cu la r  in jec t ion  of t e t r a e t h y l a m m o -  
n ium was preceded by  an in t raven t r i cu la r  adminis t ra t ion  
of nicotine, the  cat  could be placed in near ly  erect  posi t ion 
wi th  its forepaws over  the  rung of an inver ted  stool for 
about  90 rain. 

Apar t  f rom the  signs of ca ta lepsy an in t raven t r i cu la r  
adminis t ra t ion  of nicot ine in doses f rom 1.0 to 4.0 mg  pro-  
duced mydriasis,  sal ivat ion,  piloerection,  vomit ing ,  a taxia ,  
t remor,  respi ra tory  embarassements ,  r igidity,  convulsions 
and somet imes  akathisia.  Control  inject ions of 0.4 ml  of 
0.9% saline caused no visible changes .  

The present  exper iments  show tha t  nicotine produced  
ca ta lepsy in conscious cats when injected into the  cerebral  

ventricles.  I n t r aven t r i cu l a r  appl icat ion of bulbocapnine *, 
ant ichol inesterase  7, morph ine  s and pros taglandin  9 in un- 
anaes thet ized  cats and rabbi ts  also produced catalepsy.  
Fur thermore ,  exper imenta l  syndrome of ca ta ton ia  can be 
obta ined  by placing electrolyt ic  lesions in the  upper  bra in  
s tem 10. The  lesions of the  border  be tween upper  t e g m e n t u m  
and the  poster ior  hypo tha l amus  are known to produce ca- 
ta ton ic  syndrome 11. These regions migh t  be reached by  in- 
t r aven t r i cu la r  in ject ion of nicot ine from the  third ventricle.  
Nicot ine  in high doses is known to in te r rup t  nervous pa th -  
ways  by  producing a block of synapt ic  t ransmission in 
au tonomic  gangl ia  or in neuromuscular  j unction. By  ana- 
logy, i t  can be supposed t h a t  nicotine in high doses inject-  
ed in t raven t r icu la r ly  produced  a kind of pharmacologica l  
lesion para lyzing nerve  cells and in te r rupt ing  p robab ly  
some specific pa thways ,  causing catalepsy.  

Rdsumd. La nicotine, aux  doses de 1.0 ~t 4.0 mg, in- 
ject6e par  vole in t ravent r icu la i re  k des chats  non-anes- 
th6si4s, provoque la catalepsie,  la s6dation et la stupeur.  
Les signes de catalepsie appara issent  d 'ordinaire  10 min  
apr~s l ' in jec t ion et disparaissent  au bou t  de 40 rain. L ' ap-  
pl icat ion in t ravent r icu la i re  de t6 t ra -6 thy l -ammonium po- 
tent ial ise  les sympt6mes  de catalepsie dfls ~ la nicotine. 
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D e v e l o p m e n t  of  B e h a v i o u r a l  T o l e r a n c e  to  N i c o t i n e  in  t h e  Rat  1 

Although  chronic se l f -adminis t ra t ion of nicotine (as a 
cons t i tuent  of tobacco) is widespread, most  studies of the  
behavioura l  effects of this drug on exper imenta l  animals  
have  been concerned wi th  the  consequences of acute  ad- 
minis t ra t ion.  Vert ical  rearing ac t iv i ty  in rats  has been 
shown to be susceptible to the  acute  effects of nicot ine in 
a number  of studies ~-5. This  component  of the  general  
ac t iv i ty  of the  ra t  is also useful in the  assessment of the  
effects of repea ted  adminis t ra t ion  of drugs since it  is known 
to stabil ize when  animals  are repea ted ly  exposed to the  
same tes t  s i tua t ion  s, t he reby  provid ing  a cons tant  baseline 
against  which drug effects can be assessed. 

Repea ted  admin is t ra t ion  of a drug of ten results in a di- 
minished effect  due to the  deve lopment  of tolerance 7. I t  
has also been found 8, 9, t h a t  when drugs are given repeat-  
edly before animals  are exposed to a behavioura l  test ,  drug 
wi thdrawal  can have  behavioura l  consequences even 
though  physiological  dependence m a y  no t  be apparent .  

There  is evidence t h a t  drug effects on behav iour  m a y  
be greater  when  the  drugs are adminis tered before expos- 
ure to comple te ly  novel,  as against  familiar,  s i tuat ions  10-13. 

This effect could be confused wi th  the  deve lopment  of 
tolerance ill exper iments  in which drug adminis t ra t ion  is 
repea ted ly  followed by  exposure  to some test  s i tuation.  In  
order  to minimise this  possibi l i ty the  present  s tudy  was 
so designed t h a t  animals  had  a l ready received several  ex- 
posures to the  exper imenta l  s i tuat ion before drug admin-  
i s t ra t ion  was commenced.  

Materials and method. 16 R o m a n  control  (RCA) strain 
rats, aged 180 days, were used in the  study.  All the  rats  
were males. 

The  appara tus  used to measure  rearing ac t iv i ty  consist- 
ed of a t r ansparen t  acrylic plast ic  tube  63 cm high wi th  an 
in ternal  d iameter  of 23 cm. A stainless steel band, 1.3 cm 
wide, a t t ached  to the  outer  circumference of the  tube  
25 cm f rom the  base, funct ioned as the  probe of a prox-  
im i ty  me te r  (capacitance transducer) .  Vert ical  m o v e m e n t  
of the  ra t  resul ted in a capaci tance  change propor t ional  to 
the  dis tance be tween  the  animal ' s  head  and the  probe, 
This  c apac i t ance  change caused the  p rox imi ty  mete r  to 
produce a va ry ing  vol tage  ou tpu t  which was then  record- 
ed as an analogue p r in t -ou t  curve  on a moving-pen  recorder.  
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A rear  was def ined as a pen  def lect ion of a t  least  1 cm 
f rom the  basel ine on the  analogue curve  (corresponding 
to  a 1-volt va r ia t ion  in p r o x i m i t y  me te r  output) .  Rear ing  
f r e q u e n c y  was assessed as t he  to ta l  n u m b e r  of rears  in a 
10-rain t e s t  period.  

E a c h  ra t  was given a to ta l  of 6 dai ly 10-min exposures  
to  the  rear ing appara tus ,  a f te r  which  the  rear ing behavi-  
our  was judged  to  be suff icient ly s table  for drug adminis-  
t r a t ion  to begin. On the  7th day  of tes t ing  the  ra t s  were 
d iv ided in to  expe r imen ta l  and  contro l  groups each con- 
t a in ing  8 animals .  E x p e r i m e n t a l  animals  were given 
0.5 mg/kg  of n icot ine  hyd rogen  t a r t r a t e  dissolved in phy-  
siological saline:  controls  received saline only. All injec- 
t ions  were m a d e  s.c. in the  dorsal  f lank 20 rain before tes t -  
ing. The sequence of drug in jec t ion  followed by  exposure  
to  the  tes t  s i tua t ion  was r epea t ed  for 10 consecut ive  days.  
On the  l l t h  d a y  the  drug  and  contro l  condi t ions  were 
reversed:  those  animals  which  had  been  given nicot ine 
now received saline before t e s t ing  (to inves t iga te  any  
possible w i thd rawa l  effects), whi ls t  t he  group previous ly  
given saline was t r ans fe r red  to  nicot ine admin i s t r a t ion  (to 
assess the  possible effects  of a larger n u m b e r  of drug-free 
exposures  to  t he  t e s t  s i tua t ion  on ini t ial  drug response).  

Results. An analysis  of var iance  was carried out  on the  
d a t a  f rom the  f irs t  9 days  of the  exper iment .  The days  
fac tor  was reduced  to  3 levels by  combin ing  the  da t a  f rom 
consecut ive  3-day per iods  (Table I). There  was a signifi- 
can t  d rug  x days  in te rac t ion  ( P  <0.001).  While  n icot ine  
ini t ial ly reduced  rear ing  f requency,  t he  effect  d imin ished  
wi th  r epea ted  admin i s t ra t ion ,  unt i l  a f ter  9 days  there  was  
no difference be tween  expe r imen ta l  and  control  groups:  
in fact,  the  difference be tween  the  groups was s ignif icant  
only on days  1 to  3 (P  < 0.01). Analysis  of the  d a t a  f rom 
the  final  day  (day 11) of t he  exper iment ,  when  drug  and  
saline t r e a t m e n t s  were reversed,  was  carr ied out  by  com- 
par ing  t h e m  wi th  t he  scores of t he  previous  day  (day 10). 
The da t a  are summar ized  in Table  II .  Rear ing  f r equency  
in t he  group which  had  previous ly  received chronic nico- 
t ine  admin i s t r a t ion  was s ignif icant ly  increased when  saline 
was subs t i t u t ed  ( P  < 0.01). There  was a sl ight  r educ t ion  
in rear ing  f r equency  in t he  an imals  t rans fe r red  to n icot ine  

Table I. Change in rearing frequency of rats given nicotine or saline 
over a 9-day period 

Treatment Days 
1-3 4-6 7-9 

Nicotine 20.5 a 26.3 32.1 

Saline 31.8 31.0 29.9 

following chronic saline t r e a t m e n t ,  b u t  th is  was no t  s ta t i s -  
t ical ly  significant .  

Discussion. The p re sen t  f indings accord wi th  those  of 
MORRISON and  LEE 5 who h a v e  repor ted  a depressan t  effect  
of acute ly  admin i s t e red  nicot ine  on rear ing  ac t iv i ty  in rats.  
Nicot ine  has, however ,  been  found to  enhance  rear ing in 
some s t ra ins  of ra t s  2-4, a co n t r a ry  f inding which  m a y  be 
p a r t l y  accounted  for by  s t ra in  differences since the re  is 
evidence t h a t  th is  is an i m p o r t a n t  d e t e r m i n a n t  of reacti-  
v i t y  to n icot ine  4, 5. Recove ry  f rom the  depressan t  effects  
of n icot ine  on d isc r imina t ion  pe r fo rmance  in ra t s  has  been  
repor ted  13 to  follow repea t ed  admin i s t r a t i on  of the  drug. 
No a t t e n u a t i o n  of t he  s t imu lan t  ac t iv i ty  of n icot ine  on 
m o t o r  ac t iv i ty  was found,  however ,  even a f te r  several  
m o n t h s  of dai ly in jec t ions  14. I t  is diff icul t  to  make  com- 
par isons  be tween  these  earlier resul ts  and  the  f indings  of 
t he  p resen t  expe r imen t  because  of considerable  differences 
b e t w een  the  exper imen ta l  procedures  employed.  

I t  is no t  clear f rom the  p resen t  resul ts  w h e t h e r  or no t  
the  observed a t t e n u a t i o n  of nicot ine effects  w i th  r epea ted  
admin i s t r a t i on  was due to  to lerance  d e v e l o p m e n t  or to  
some o the r  factor,  such as an in te rac t ion  be tween  the  drug  
effect  and leng th  of exposure  to  the  t e s t  s i tuat ion,  b u t  the  
fac t  t h a t  the  chronic saline group (which received an ex- 
t e n d e d  pre-n ico t ine  exposure  to  t he  t e s t  s i tuat ion)  was 
l i t t le  af fec ted  by  the  drug  lends t e n t a t i v e  suppor t  to  the  
l a t t e r  view. 

Nico t ine  wi thdrawa l  p roduced  a r ebound  effect  in a di- 
rec t ion  opposi te  to  the  original  drug  act ion.  Al though  ra- 
t he r  s imilar  effects have  been  r epo r t ed  for o ther  drugs in 
d i f fe rent  t e s t  s i tua t ions  3, 9, l i t t le  is known  abou t  the  me- 
chan i sms  involved in th is  phenomenon .  One poss ibi l i ty  is 
t h a t  animals  can coun te r ac t  drug  effects  by  mak ing  be- 
havioura l  ad jus tmen t s ,  drug  wi thd rawa l  t h e n  leading to  a 
behav ioura l  over-react ion.  

Rdsumd. On a donn6 de  la nicot ine 5. des ra t s  une fois 
pa r  jou r, p e n d a n t  10 jours.  L 'ac t iv i t6  des an i mau x  a 
d ' a b o r d  diminu6, mais  aprbs quelques  admin i s t r a t ions  de 
la drogue, on cons t a t a  une  accou tumance  ~ ces effets. 
L ' a d m i n i s t r a t i o n  termin6e,  l ' ac t iv i t6  a augment& 
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Values are given as the total number of rears in 10 rain averaged over 
successive blocks of 3 days. The days • drug interaction was 
slgn/ficant beyond the P<O.O01 level. ~ Significant against saline 
control beyond the P < 0.01 level. 

Table II. Change ill rearing frequency between days 10 and 11 as a 
result of interchanging saline and nicotine treatments 

Days 1-9 Day 10 Day 11 

Treatment Treatment Rearing Treatment Rearing 
frequency frequency 

Nicotine Nicotine 28.6 a Saline 37.4 a 

Saline Saline 27.6 Nicotine 24.2 

Values are given as the total number of rears in 10 min. ~ Difference 
between day 10 and day 11 scores significant beyond the P <  0.01 
level. 

This work was supported by a grant from the Tobacco Research 
Council. 

2 M. GARG, Life Sci. 78, 421 (1968). 
8 M. GARG, Psychopharmacologia 74, 150 (1969). 
4 M. GARG, Psychopharmacologia 7d, 432 (1969). 
5 C. F. MORRISON and P. N. LEE, Psychopharmacologia 13, 210 (1968). 
6 j .  LAT, Pharmacology o] Conditioning, Learning and Retention (Eds. 

]V[. Y. MIKHEL'SON and V. G. LONGO; Pergamon Press, Oxford 
1965). 

7 M. H.  SEEVERS a n d  G. A. DENEAU, Physiological Pharmacology 
(Eds. W. S. ROOT and F. G. HOFFMAN; Academic Press, New York 
1963), vol. 1. 

s R. RUSHTON and H. STEINBERG, Ciba Foundation Symposium on 
Animal Behaviour and Drug Action (Eds. H. STEXNBERG, A. V. S. 
DE REUK and J. KNIGHT; Churchill, London 1964). 

9 M. B. WALLER, J. exp. Analysis Behav. 4, 351 (1961). 
10 R. RUSHTON, H. STEINBERG and C. TINSON, Br. J. Pharmac. 20, 

99 (1963). 
11 R. RUSHTON, H. STEINBERG and M. TOMKIEWICZ, Nature, Lond. 

220, 885 (1968). 
12 R. D. PORSOLT, D. JOYCE and A. SUMMERFIELD, Nature, Lond. 227, 

286 (1970). 
t* j .  MERCIER and S. DESSAIGNE, Annls pharm, ft. 78, 502 (1960). 
t4 G. KUSCHINSKV and R. HOTOVY, Klin. Wschr. 22, 649 (1943). 


