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Compourlds tested No. animals Histamine equivalent ~ Hitamine P Influence 
of anaphylaetic response equivalent ~ of (%) 
in the presence of control response 
the compound tested 

Cyclic AMP b 7 10.2 4- 9.99 a 9.47 ~ 10.8 a >0.7 
Adenosine b 8 20.7 • 14.9 9.62 4-4- 9.60 <0.05 +115 
AMP b 9 4.74 4- 3.78 2.25 4- 1.83 <0.05 +111 
Dibutyryl cyclic AMP~ 9 1.35 4- 1.06 2.44 ~ 2.14 <0.05 --45 

�9 [xg of histamine dihydrochloride added in 20 ml tissue bath. b4.65 aM. ~23.3 aM. aMean 4- standard deviation. 

dence  s u p p o r t i n g  t h i s  h y p o t h e s i s  was o b t a i n e d  in t he  case 
of h u m a n  leucocytes  3. 

I n  t he  p re sen t  expe r imen t s ,  t h e  effect  of cyclic A M P  on 
a n a p h y l a x i s  of s m o o t h  muscle  was s tud ied  in v i t ro .  Adeno-  
sine a n d  a d e n o s i n e - 5 ' - m o n o p h o s p h a t e  (AMP) also were 
s tudied,  since t he  6 -amino  group  wh ich  is c o m m o n  to t he  
pur ine  nuc leus  of these  c o m p o u n d s  has  been  sugges ted  to  
show a pha rmaco log ica l  a c t i v i t y  on  s m o o t h  muscles  4. 

Materials and methods. Most  of t h e  p rocedures  for  t he  
p re sen t  s t u d y  h a v e  been  descr ibed  in a p rev ious  p a p e r  4 
S m o o t h  muscle  pieces for t h e  in  v i t ro  a n a p h y l a x i s  were 
o b t a i n e d  f rom the  u t e r ine  h o r n s  of v i rg in  guinea-pigs ,  a n d  
pass ive  sens i t i za t ion  of t he  muscle  pieces was m a d e  w i t h  
a n t i - b o v i n e  s e rum a l b u m i n  r a b b i t  an t i s e rum.  Fo r  t he  s tu-  
dy  of t h e  effects of A M P  a n d  d i b u t y r y l  cyclic AMP,  a 
pool  of a n t i s e r u m  wh ich  was d i f fe ren t  f rom t he  pooled se- 
r u m  for  t h e  in i t i a l  series of e x p e r i m e n t s  on  adenos ine  a n d  
cyclic A M P  was used. C o n c e n t r a t i o n  of t he  t e s t  c o m p o u n d s  
was 4.65 a M  in t he  t i ssue  b a t h ,  on ly  d i b u t y r y l  cyclic A M P  
be ing  t e s t ed  in a h ighe r  c o n c e n t r a t i o n  of 23.3 a M .  The  
size of each  r eac t ion  was expressed  in t he  h i s t a m i n e  equi-  
v a l e n t  of i so tonic  s m o o t h  muscle  c o n t r a c t i o n  o b t a i n e d  
f rom the  dose- response  cu rve  b y  h i s t a m i n e  d ihyd ro -  
chlor ide  on  t h e  i n d i v i d u a l  muscle  piece. F r o m  1 an imal ,  4 
s m o o t h  muscle  pieces were used for a n  e x p e r i m e n t :  
Averages  of dup l i ca t e  d e t e r m i n a t i o n s  w i t h  2 pieces for 
con t ro l  a n d  2 o the r s  for test ,  respect ive ly ,  were ca lcu la ted .  
Adenos ine  a n d  A M P  were o b t a i n e d  f rom W a k o  P u r e  Che- 
mica l  I n d u s t r i e s  Ltd . ,  Osaka  ( J a p a n ) ;  Cyclic A M P s  were  
suppl ied  b y  S igma  Chemica l  Co., St. Louis  (USA). 

Results and discussions. As s h o w n  in t h e  Table ,  cyclic 
AMP,  in a c o n c e n t r a t i o n  of 4.65 aM, fai led to  show a n  
effect  On t he  a n a p h y l a c t i c  reac t ion .  However ,  in  t h e  fo rm 
of d i b u t y r y l  d e r i v a t i v e  wh ich  en te r s  t he  cell more  readi ly ,  
a n d  in  a h ighe r  concen t r a t i on ,  cyclic A M P  i n h i b i t e d  t he  
a n a p h y l a c t i c  reac t ion .  Th i s  i n h i b i t o r y  ac t ion  m a y  be  

a t t r i b u t e d  to  t he  d i rec t  r e l ax ing  effect  of cyclic A M P  on 
s m o o t h  muscle  a n d / o r  possible  i n h i b i t i o n  of h i s t a m i n e  re- 
lease b y  t he  compound ,  a n d  is in  f a v o u r  of t h e  h y p o t h e s i s  
t h a t  t he  i n h i b i t o r y  ac t ions  on a n a p h y l a x i s  of ca techol -  
amines  a n d  x a n t h i n e s  inc lude  t he  cyclic A M P  sys tem.  

I n  c o n t r a s t  to  cyclic AMP, adenos ine  a n d  A M P  in  t he  
c o n c e n t r a t i o n  of 4.65 a M  e n h a n c e d  t he  a n a p h y l a c t i c  reac- 
t ion.  Thus ,  t he  m a r k e d  in t ens i f i ca t ion  of a n a p h y l a c t i c  
r eac t i on  of s m o o t h  muscle  b y  t he  same m o l a r  concen t r a -  
t ion  of a d e n o s i n e - 5 ' - d i p h o s p h a t e  (ADP) a n d  adenos ine-  
5 ' - t r i p h o s p h a t e  (ATP) obse rved  in t he  p rev ious  s t u d y  4 
seems to  be  r e l a t ed  s ign i f i can t ly  to  t h e  pha rmaco log ica l  
p r o p e r t y  i n h e r e n t  to  t h e  adenos ine  a n d  i ts  der iva t ives ,  
cyclic A M P  be ing  t he  except ionS.  

Zusammen]assung. Zykl isches  3', 5 ' -Adenos inmonophos -  
p h a t  h i n d e r t  in  v i t ro  die A n a p h y l a x i s  des g l a t t e n  Muskels  
v o m  Meer schwe inchenu te rus ,  w/ ih rend  Adenos in  und  Ade-  
n o s i n - 5 ' - M o n o p h o s p h a t  die a n a p h y l a k t i s c h e  R e a k t i o n  er- 
h6hen .  
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C a t a l e p s y  P r o d u c e d  b y  I n t r a v e n t r i c u l a r  I n j e c t i o n  

Cata lepsy  in r a t s  3, mice 2 a n d  dogs 8, 4 b y  s u b c u t a n e o u s  
or i n t r a v e n o u s  in jec t ions  of n ico t ine  ha s  scarcely  been  
s tudied.  On t h e  o t h e r  h a n d ,  c a t a l epsy  b y  i n t r a v e n t r i c u l a r  
in j ec t ion  of th i s  d rug  in t he  conscious ca t  ha s  no t  ye t  been  
s tudied .  I t  was  the re fo re  of i n t e r e s t  to  k n o w  w h e t h e r  nico- 
t ine  c an  p roduce  ca t a l epsy  in  conscious  an i m a l s  a f t e r  in-  
t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  ac t ing  d i rec t ly  on  t h e  cen- 
t r a l  n e r v o u s  sys tem.  F u r t h e r m o r e ,  w i t h  t h e  m e t h o d  Of 
i n t r a v e n t r i c u l a r  app l i c a t i on  t h e  b r a i n  s t r u c t u r e s  close to 
or d i r ec t ly  in  c o n t a c t  w i t h  t he  v e n t r i c u l a r  surface  can  be  
imp l i ca t ed  in  t h e  a p p e a r a n c e  of ca ta lepsy .  

of  N i c o t i n e  i 

Six ca t s  of b o t h  sexes, weighing  f rom 2.0 to 2.6 kg, were 
used in these  experinaents .  Fo r  t h e  in j ec t ion  of d rugs  in to  
the  ce rebra l  ven t r ic les  a Collison c a n n u l a e  was i m p l a n t e d  
asep t i ca l ly  in to  t he  lef t  l a t e ra l  ven t r i c l e  d u r i n g  p e n t o b a r -  
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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.  


