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effect  was  long-las t ing,  since, a f t e r  t he  in jec t ion  of 6-OH- 
D A  for i to  4 weeks, t he  r e t i na l  s ens i t i v i t y  no t  on ly  d id  
no t  recover  b u t  decreased  even  more  (da ta  no t  shown).  
Na~S20 ~, an  a n t i o x i d a n t ,  p r e v e n t e d  t he  6 -OH-DA- induced  
effect  a n d  t he  p r e v e n t i v e  effect  was also dos e - dependen t  
and  q u a n t i t a t i v e .  Na2S20 5 i tself  h a d  no  effect  on  r hodop -  
sin c o n t e n t  and  decreased t he  sens i t i v i ty  on ly  s l ight ly .  
Since h igher  doses (up to 4 ,amoles) of 2, 4 -d in i t ropheno l  
and  H20  2 decreased t h e  s ens i t i v i t y  on ly  s l ight ly,  i t  appea r s  
ne i t he r  uncoup led  p h o s p h o r y l a t i o n  nor  t he  c y t o t o x i c i t y  
of H~O2 seem to be d i rec t ly  respons ib le  for t h e  effect  of 
6 -OH-DA.  On t he  o the r  hand ,  6 -ADA and  t he  p - q u i n o n e  
a p p e a r  to  be  as effect ive  as 6-OH-DA.  

I t  has  been  long specu la ted  t h a t  a c o n f o r m a t i o n  change  
in t he  p h o t o r e c e p t o r  p r o t e i n  (opsin) r e su l t ing  f rom l igh t  
s t i m u l a t i o n  exposes new ac t ive  groups  such  as sulf- 
h y d r y l  ~s, amino  ~9 a n d  p r o t o n - b i n d i n g  groups  ~~ I t  is 
t h o u g h t  t h a t  t he  r egene ra t i on  of r h o d o p s i n  invo lves  t he  
cova len t  b i n d i n g  of 11-cis r e t ina l  to  the  e-amino group of 
a lys ine  res idue  in t he  ops in  21, ~s or t h r o u g h  some fo rm of a 
s u b s t i t u t e d  a ld imine  l inkage  to t he  lys ine  amino  a n d  a 
cys te ine  su l fhydry l  groupag, p-Quinone,  t he  p r i m a r y  a n d  
p r inc ipa l  o x i d a t i o n  p r o d u c t  of 6 - O H - D A  5-7 could undergo  
cova len t  b i n d i n g  w i t h  these  exposed free su l fhydry l  a n d / o r  
a m i n o  groups  of ops in  in t he  l i g h t - a d a p t e d  re t ina ,  and  t h u s  
p r e v e n t  t i le r egene ra t i on  of r h o d o p s i n  a n d  c o n c o m i t a n t l y  
t he  r ecovery  of r e t i na l  sens i t iv i ty .  In t e re s t ing ly ,  p-chloro-  
mercu r ibenzoa te ,  a su l fhydry l -b lock ing  agent ,  was  s imi la r  
to  6 -OH-DA in i ts  effect  on re t ina l  s ens i t i v i t y  a n d  rhodop-  
sin con ten t .  

The  i n t e r a c t i o n  be t w een  6 - O H - D A  and  r h o d o p s i n  was 
f u r t h e r  s u p p o r t e d  b y  h is to logica l  f i nd ings .  In  all  t h e  
sa l ine- in jec ted  cont ro l s  (Figure  a), t h e  ou te r  and  inne r  
segments  of pho to r e cep t o r s  were c lear ly  seen. I n  t h e  6-OH- 
D A  (1 vmole) t r e a t e d  re t ina ,  t he  ou te r  s egmen t s  were 
d a m a g e d  severe ly  (Figure  d) a n d  pa r t i a l l y  (Figure c) 4 
and  2 days,  respect ively ,  a f te r  in jec t ion .  1 day  a f te r  
in jec t ion ,  on ly  p a r t  of t he  ou te r  s egmen t s  can  be seen to  
be  d isorganized  (Figure  b), a l t h o u g h  f u n c t i o n a l l y  t he  
sens i t i v i ty  was a l r eady  d imin i shed .  The  res t  of t he  r e t i n a  
seemed n o t  to  be affected.  

Thus ,  t he  i n t r a v i t r e a l  a d m i n i s t r a t i o n  of 6 - O H - DA to  
l i g h t - a d a p t e d  ra t s  was  found  to  p r e v e n t  t he  r ecove ry  of 

r e t i na l  s ens i t i v i ty  a n d  r h o d o p s i n  d u r i n g  t h e  s u b s e q u e n t  
d a r k  a d a p t a t i o n  p r o b a b l y  t h r o u g h  the  cova l en t  b i n d i n g  
of i ts  ox ida t i on  p r o d u c t  to  t he  nuc leophi l ic  groups  of 
opsin.  The  effect  was dose -dependen t ,  long- las t ing ,  block- 
ed b y  an t i ox idan t s ,  a n d  non-specif ic  to  ca t echo lamine rg ic  
neurons .  Therefore ,  6 -OH-DA a t  doses c o m p a r a b l e  to  
t h a t  employed  in th i s  s t u d y  should  riot be  used to  inves t i -  
ga te  t he  func t i on  of r e t i na l  dopamine .  The  i n t e r ac t i on  of 
6 -OH-DA w i t h  r h o d o p s i n  should  be cons idered  in t h e  
i n t e r p r e t a t i o n  of resu l t s  ob t a ined  even  a t  lower doses. 

Rdsumd. Nous  avons  observ6 que  1 ' in jec t ion de Ia 
6 - h y d r o x y d o p a m i n e  clans l ' h u m e u r  v i t r6e  des r a t s  adap t6s  

la  lumi~re  b l o q u a i t  le r 6 t ab l i s s emen t  de la sensibi l i t6  
r6 t ina le  p e n d a n t  I ' a d a p t a t i o n  ~ l ' obscur i t6  subs6quen te  au  
t r a i t e m e n t .  I1 est  poss ible  que  ce t te  o b s e r v a t i o n  soi t  une  
cons6quence  de la r6ac t ion  du  p r o d u i t  de l ' o x y d a t i o n  de 
la 6 - h y d r o x y d o p a m i n e  avee  les groupes  nuc l6ophi l iques  
de la rhodops ine .  
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Tolerance Development to the Antinociceptive Actions of Morphine, Amphetamine,  
Physost igmine  and 2-Aminoindane in the Mouse 

There  h a v e  been  m a n y  a t t e m p t s  to  exp la in  the  ac t ions  
of t he  na rco t i c  analgesics  in t e r m s  of se lect ive  in te r fe rence  
w i t h  cen t r a l  chemica l  t r a n s m i s s i o n  1, 2. However ,  r ecen t ly  
severa l  a u t h o r s  who  h a d  p rev ious ly  sugges ted  t h a t  
m o r p h i n e  se lect ively  in ter feres  w i t h  one t r a n s m i t t e r  
s y s t e m  h a v e  a d v a n c e d  e x p e r i m e n t a l  work  sugges t ing  a 
far  less specific m e c h a n i s m  of act ionS,  ~. Th i s  p o i n t  
has  been  h igh l i gh t ed  b y  XUHAR, PXRT a n d  SNVDER 5 who  
were u n a b l e  to  d e m o n s t r a t e  a n y  obvious  co r re la t ion  
be tween  t he  d i s t r i b u t i o n  of op ia te  recep tors  in  m o n k e y  
b r a i n  w i t h  t h a t  of k n o w n  n e u r o t r a n s m i t t e r s ,  a n d  a rgued  
aga ins t  an  exclus ive  in te r fe rence  w i t h  t he  a c t i v i t y  of 
cholinergic,  se ro ton inerg ic  or no rad rene rg ic  neurones .  

I n  a d d i t i o n  to  t he  na rco t i c  analgesics,  a large n u m b e r  of 
o the r  c o m p o u n d s  possess an t i noc i cep t i ve  a c t i v i t y  in- 
c lud ing  s y m p a t h o m i m e t i c s  (e.g. a m p h e t a m i n e )  and  
cho l inomime t i c s  (e.g. p h y s o s t i g m i n e  a n d  oxot remor ine) .  
Our  i n t e r e s t  ha s  been  in t r y i n g  to d e t e r m i n e  w h e t h e r  
t he re  is a n y  co r re la t ion  be t w een  t he  cha rac te r i s t i c s  of 
na rco t i c  analgesic  a c t i v i t y  a n d  those  of o the r  agen t s  

wh ich  m i g h t  ind ica te  some s imi l a r i t y  in  m e c h a n i s m  of 
ac t ion .  

W h i l s t  t he  a n t a g o n i s m  of t he  ac t ions  of m o r p h i n e  a n d  
i ts  pha rmaco log ica l  ana logues  b y  t he  na rco t i c  an t agon i s t s  
sepa ra tes  t h e m  f rom o the r  a n t i n o c i c e p t i v e  agen ts  in- 
d i ca t ing  a n  ac t ion  a t  a specific cen t ra l  receptor ,  t he re  is 
ev idence  w h i c h  connec t s  t he  a n t i n o c i c e p t i v e  ac t ion  of 
m o r p h i n e  w i t h  t h a t  of t he  s y m p a t h o m i m e t i c s .  

1 D. H. CLOUET, in Narcotic Drugs: Biochemical Pharmacology 
(Plenum Press, New York 1971). 
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MAJOR and PLEUVRY 9,7 showed t h a t  p r e t r e a t m e n t  
courses k n o w n  to affect  t he  concen t ra t ions  of cent ra l  
t r a n s m i t t e r  subs tances  had  qua l i t a t ive ly  t he  same in- 
f luence on the  an t inoc icep t ive  act ions  of morph ine  and 
m e t h y l a m p h e t a m i n e  in mice ye t  did no t  inf luence the  
l a t t e r ' s  effect  on s t e r eo typed  behav iour  in the  same man-  
ner. GORLITZ and FREY s showed t h a t  in ra t s  p r e t r e a t e d  
wi th  p -ch lorophenyla lan ine  the  an t inoc icep t ive  act ions  of 
morphine ,  a m p h e t a m i n e  and p - ch lo ro - amphe t amin e  were 
all reduced,  whi ls t  the i r  act ions  were enhanced  in animals  
p re t r ea t ed  wi th  5 - h y d r o x y t r y p t o p h a n .  Ill add i t ion  
PLEUVRV 9 showed t h a t  mice rendered  to l e r an t  to the  
an t inoc icep t ive  act ion of morph ine  were also to le ran t  to  
t h a t  of m e t h y l a m p h e t a m i n e  and vice versa.- 

Recen t  work  in this  D e p a r t m e n t  has been concerned  
w i t h  the  impor t ance  of the  jux tapos i t ion  of t he  a romat ic  
r ing and  the  n i t rogen  a t o m  in re la t ion to  t he  ant inocicep-  
t i r e  ac t ion of a m p h e t a m i n e ,  and  the  proper t ies  of com- 
pounds  wi th  s t ruc tures  i n t e rmed ia t e  be tween  i t  and the  
narcot ic  analgesics will be the  subjec t  of a fu ture  paper  
(CROOKS, LITTLE and REES, in prepara t ion) .  Amo n g s t  
these  c o m p o u n d s  2-amino- indane  has been  shown to be a 
more  p o t e n t  and  more  select ive an t inoc icep t ive  agen t  
t h a n  is a m p h e t a m i n e .  This  p resen t  r epo r t  describes t he  
d e v e l o p m e n t  of to le rance  to  its an t inoc icep t ive  action,  
and explores the  poss ib i l i ty  of cross to lerance  be tween  it, 
morphine ,  a m p h e t a m i n e  and  physos t igmine .  

Methods .  Groups of A S H / X P - s t r a i n  female -mice  were 
used. The doses of drugs given were morph ine  hydro-  
chlor ide  (20 mg/kg- t ) ,  2 -aminoindane  hydrochlor ide  
(20 mg/kg  -1) 10, ( + ) _ a m p h e t a m i n e  su lpha te  (20 mg/kg  -~) 
and physos t igmine  sal icylate (0.1 mg/kg-1).  All in ject ions  
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The effects of morphine, amphetamine, 2-aminoindane and physo- 
stigmine on hot plate reaction time in groups of 12 mice. Mice were 
pretreated with saline (S, closed columns), morphine (M, hatched 
columns), amphetamine (A, shaded columns), 2-aminoindane (AI, 
open columns) or physostigmine (Ph, dotted columns). Stars above 
pairs of histograms indicate that there was no significant difference 
between the mean response (P < 0.05, Mann-Whitney 'U'-Test). In 
all other instances there were significant differences between the 
effects of each challenge drug in saline pretreated mice when compared 
with that in drug treated animals. 

were given by  the  i.p. route.  Ant inoc icep t ive  ac t iv i ty  
was  measured  by  the  H o t  P la te  Test  11. In  each case t he  
reac t ion  t imes  were de t e rmined  at  10 min  in tervals  
following injection,  and these  were compared  wi th  the  
reac t ion  t imes  of concur ren t ly  examined  sa l ine- t rea ted  
mice. 

Groups of mice were p r e t r e a t e d  wi th  one of t he  above 
drugs a t  the  s t a t ed  dose 3 t imes  each day  (at 09.00, 13.00 
and  17..30 h) for 5 consecut ive  days.  Addi t iona l  groups  
were s imilar ly t r ea ted  wi th  saline. 

The ex t en t  of to le rance  deve lopmen t  to  morphine ,  
a m p h e t a m i n e  and 2-aminoindane  was de t e rmined  at  t he  
end of the  p r e t r e a t m e n t  course by  measur ing  tile effects 
of each of the  drugs in mice p r e t r ea t ed  wi th  the  challenge 
drug, and in mice p r e t r ea t ed  wi th  e i ther  of the  o ther  
compounds .  In  add i t ion  tile effects of mo rp h i n e  were also 
de te rmined  in physos t i gmine -p re t r ea t ed  mice and t h a t  
of physos t igmine  in morph ine -p re t r ea t ed  mice. The 
reac t ion  t imes  of cont ro l  mice chal lenged wi th  saline were 
be tween  4 and 5 sec. 

Resu l t s .  The results  are summar ized  in the  Figure.  
The grea ter  an t inoc icep t ive  ac t iv i ty  of 2-aminoindane  
compared  to t h a t  of a m p h e t a m i n e  a t  t h e  same dose in  
sa l ine- t rea ted  mice is evident .  

Tolerance developed to  the  act ions  of all 4 drugs. 
Mutual  cross to lerance  was seen in any  compar i son  
be tween  morphine ,  a m p h e t a m i n e  and 2-aminoindane.  
No cross to lerance  was a p p a r e n t  when  the  effects of 
morph ine  were examined  in physos t i gmine -p re t r ea t ed  
mice and vice versa.  

D i s c u s s i o n .  The exis tence of cross to lerance  be tween  
morph ine  and a m p h e t a m i n e  is compat ib le  w i th  the  
previous  observa t ion  of cross to lerance  be tween  morph ine  
and  m e t h y l a m p h e t a m i n e g .  Cross to lerance  be tween  
e i ther  drug  and the  s te reochemica l ly  more  rigid sympa-  
t h o m i m e t i c  2-aminoindane  is now repor ted .  

T h a t  this is no t  a non-specif ic  p h e n o m e n o n  is a p p a r e n t  
in the  absence of cross to lerance  be tween  mo rp h i n e  and  a 
chol inomimet ic  an t inoc icep t ive  agent .  In  add i t ion  i t  is 
unl ikely t h a t  reciprocal  induc t ion  of microsomal  enzymes  
is responsib le  for the  p h e n o m e n o n  since ne i ther  morph ine  
nor  a m p h e t a m i n e  displays  th is  p r o p e r t y  to  any  s ignif icant  
ex t en t  1~-15. 

Recen t ly  DUNCAN and  SPENCER ~G repor t ed  t h a t  the  
s y m p a t h o m i m e t i c  fenf luramine  h a d  demons t r ab l e  ant i-  
nocicept ive  ac t iv i ty  in mice, which  in combina t ion  wi th  
morph ine  effected all enhanced  response  which  t h e y  
in t e rp re t ed  as po ten t i a t ion .  However ,  in mice pre-  
t r ea ted  wi th  fenf luramine  the  an t inoc icep t ive  act ion of 
morph ine  was abolished.  They  in t e rp re t ed  th is  phenom-  
enon in t e rms  of fenf luramine  p r e t r e a t m e n t  dep le t ing  

6 C. T. MAJOR and B. J. PLEUVRY, Br. J. Pharmac. dO, 143 (1970). 
7 C. T. MMoR and B..}'. PLEUVRY, Br. J. Pharmac. Z2, 512 (1971). 
s B. D. GORLITZ and H. It. FREV, Eur. J. Pharmac. 20, 171 (1972). 
9 B. J. PLEUVRY, J. Pharmar 23, 969 (1971). 

10 We are grateful to Dr. P. A. CROOKS of the Department of Phar- 
macy, University of ~anchester for the sample of 2-aminoindane 
hydrochloride. 

lz H. K. BEBC~IER, Pharmae. Rev. 9, 59 (1957). 
12 A. H. CONNEY, Pharmae. Rev. 79, 317 (1967). 
18 G. J. MANNERI~G, in Selected Pharmacological Testing Methods 

Medicinal Research Series (Ed. A. BURGER; Edward Arnold, 
London 1968), vol. 3, p. 51. 

14 B.  BALLINGRR, Z .  O'~ALLEY, I. H .  STEVENSON and M. J. TURN- 
BULL, Br. J. Pharmac. 41, 383P (1971). 

15 S. J. lVfuLg, in Narcotic Drugs: Biochemical Pharmacology (Ed. 
D. H. CLOU~T; Plenum Press, New York 1971), p. 99. 

16 C. DUNCAN and P. S. J. SPENCER, J. Pharm. Pharmac. 25, 124 
(1973). 
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stores of 5 - h y d r o x y t r y p t a m i n e  ~7, in which  c i rcumstance  
the  an t inoc icep t ive  act ion of morph ine  would be reduced ~s. 

Whi l s t  th is  exp lana t ion  could con t r ibu te  to the  exis- 
tence  of cross to lerance  which  we now repor t  be tween  
morph ine  and two o ther  s y m p a t h o m i m e t i c  ant ino-  
cicept ive agents,  the  s i tua t ion  is more  complex.  Whi l s t  

a m p h e t a m i n e  will increase the  ' t u rn -over '  of 5-hydroxy-  
t r y p t a m i n e  t" it  has  l i t t le  effect  on its overall  concen t ra t ion  
in con t ras t  to the  deple t ing  act ion of fenf luramine  17,20, 2t. 
In  addi t ion,  whils t  we have  repor ted  t h a t  2-aminoindane  
influences the  me tabo l i sm of 5 -hydroxy t ryp tamine ,  the  
drug does no t  affect  its concen t ra t ion  in whole brain2L 

17 D. ~ORGAN, S. LOFSTRANDH and E. COSTA, Life Sci. 11, 83 (1972). 
18 C. R. CALCUTT, S. L. HANDLEY, C. G. SPARKES and P. S. J. 

SPENCER, in Agonist and Antagonist Actions o/Narcotic Analgesic 
Drugs (Eds. H. W. !4~OSTERLITZ, H. O. J. COLLIER and J. E. 
VILLARREAL; Macmillan, London 1972), p. 176. 

19 W. D. REID, Br. J. Pharmac. 40, 483 (1970). 
20  j .  DUHAULT and C. VERDAVAINNE, Archs int. Pharmacodyn. 

Ther. 770, 276 (1967). 
"~ K. OPITZ, Naunyn-Schmiedebergs. Arch. Pharmak. exp. Path. 

258, 56 (1967). 
2~ p. A. CROOKS, H. J. LITTLE and J. M. H. REES, J. Pharm. Pharmac. 

25, 124 (1973). 
23 I am grateful to the Medical Research Council for a Research 

Scholarship. 
2~ The authors wish to thank I.C.I. (Pharmaceuticals Division) for 

financial assistance. 

Zusammen/assung. Labora tor iumsm/ iuse  wurden  durch  
die Behand lung  mi t  Morph inm gegen die schmerzl in-  
dernde  Wi rkung  dieser Droge immunis ie r t .  Darauf  folgte 
N ach b eh an d l u n g  mi t  A m p h e t a m i n  oder  2-Aminoindan.  
Die Vorbehand lung  mi t  Morph ium mach t e  sowohl  gegen 
die schmerzs t i l lende  ~Virkung yon A m p h e t a m i n  als auch  
yon  2-Aminoindan  immun.  Es wird  eine ~hntiche Grund-  
lage der  schmerzs t i l l enden  Wi rkung  dieser Drogen ange- 
nolnmen.  

H. J. LITTLE2a and  J. M. H. REES ~4 

Department o/ Pharmacology, Malaria Medica and 
Therapeutics, The University o[ Manchester, 
Manchester, M73 9 P T  (England), 7 J February 1974. 

A S t u d y  o n  t h e  P e r i p h e r a l  M e d i a t o r s  o f  D e n t a l  P a i n  

The fo rma t ion  of kinins by  the  local ac t iva t ion  of t issue 
proteases  m a y  con t r ibu te  to t he  p roduc t ion  of pain.  The 
role of b r adyk in in  (B) as a med ia to r  of pa in  has been 
ex tens ive ly  s tud ied  in the  skin 1 and v i s c e r a l  Recent ly ,  
it  was shown t h a t  p ros tag land ins  (PG) m a y  also contr i -  
bu te  to  the  p roduc t ion  of pain  by  sensi t iz ing the  pa in  re- 
ceptors  to  o the r  stimuli3. Af ter  the  d iscovery  of t he  block- 
ing effect  of aspir in-l ike drugs upon  the  b iosynthes i s  of 
PG 's  4, the  mechan i sm of the  analgesic effect  of these  
drugs is unders tood .  

The p resen t  s t u d y  was unde r t aken  to elucidate the  role 
of the  release of B- and  PG-like mater ia l  f rom the  t o o t h  
pulp,  due to  the  electrical  s t imula t ion  of dent ine ,  and i ts  
possible  re la t ion to  dents1 pain.  

Material and method. The adul t  dogs were anes the t ized  
by  sodium pen toba rb i t a l  (30 mg/kg,  i.v.) and  chronic 
bipolar  electrodes were imp lan ted  into the  den t ine  of an 
upper  canine t o o t h  as descr ibed previous ly  5. 

S ix teen chronical ly  bipolar  e lectrodes imp lan t ed  dogs 
were anes the t ized  wi th  sodium pen toba rb i t a l  and the  pulp  
of the  same t o o t h  was perfused wi th  Krebs '  solut ion 
t h rough  a stainless steel cannula  inser ted  in to  the  pulp,  

near  t he  free margin  of gum at  a ra te  of 0.2 to 0.5 ml/min.  
The eff luent  was collected f rom the  pe r fo ra ted  t ip  of the  
t o o t h  and cont inuous ly  added  to  the  isolated superfused,  
in cascade,  ra t  d u o d e n u m  (RD)6, ca t  j e j u n u m (CJ)7 and 
ra t  s tomach  fundus  s t r ip  (RSF) s prev ious ly  p repared  
according to  the  m e t h o d  of VANE o. The tes t  organs  were 
superfused wi th  37 ~ K reb ' s  solution, con ta in ing  a t rop ine  
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Fig. 1. Isolated, incascade, continuously superfused with Krebs' 
solution, rat duedenum (RD) and rat stomach Iundus strip (RSF). 
Responses of both assay organs to directly applied bradykinin (B), 
PGEe (P) and to the effluent of pulp during the stimulation of dentine. 
(S). TR, TrasyloI; IN, indomethaein. 
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Fig. 2. Isolated, in cascade, continuously superfused with Krebs' 
solution, eat jejunum (CJ) and rat stomach fundus strip (RSF) to 
bradykinin (B), PGEe (P) and to the effluent of pulp during the 
stimulation of dentine (S). TR, Trasylol. 


