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REITH, M E A AND A LAJTHA Lo~ omotor depre~ ~ton tn mt~ e by nor~ ot atne does not revolve ~ entral o~e-adrenergt~ 
or presvttaptt~ dopamtne ret eptor~ PHARMACOL BIOCHEM BEHAV 24(2) 305-307, 1986--The mh~b~tion of spon- 
taneous locomotor behavior of m~ce by norcocame was antagonized neither by the adrenoceptor antagornsts yoh~mbme and 
phentolamme, nor by the neurolept~cs halopendol and sp~perone, at low doses a~rned at presynapt~c dopamrne receptors In 
contrast, the antagornsts were effective in reducing the hypomotd~ty rnduced by clorndme and apornorphme, respectively 
These results make it unhkely that central a,-adrenerg~c or presynaphc dopamme receptors are revolved m the hypornot~ve 
effect of norcocame 
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IT ~s well k n o w n  that  coca ine  can  p roduce  a r e m a r k a b l e  
Increase  in s p o n t a n e o u s  l o c o m o t o r  b e h a v i o r  of  m~ce and  ra ts  
(for rev iew see  [17]) R e c e n t  s tudies  m our  lab on  s t ruc ture -  
ac t iv i ty  re la t ionsh ips  of  th~s abd l ty  of  coca ine  s h o w e d  tha t  
mos t  coca ine  c o n g e n e r s  in fact  mh~b~t r a the r  than  s t imula te  
s p o n t a n e o u s  l ocomot ion  of  B A L B / c B y  m~ce L o c o m o t o r  
d e p r e s s i o n  was o b s e r v e d  af te r  IP  admin i s t r a t i on  o f  nor-  
coca ine ,  ( + ) - p s e u d o c o c a m e ,  t r o p a c o c a m e ,  or  p h e n y l t r o p a n e  
ana logs  such  as W I N  35,140, W I N  35,004, and  W I N  35,065-3 
[13] H y p o m o t l v e  effects  h a v e  b e e n  r epo r t ed  also for  ~_,- 
adrenerg tc  agoms t s  such  as c l o m d m e ,  p r e s u m a b l y  by  in- 
t e r ac t ions  w~th cent ra l  c~e-adrenoceptors [5, 7, 15] We won-  
dered  w h e t h e r  these  r ecep to r s  are m v o l v e d  m the  l o c o m o t o r  
d e p r e s s i o n  p roduced  by  coca ine  c o n g e n e r s ,  s ince  coca ine  
has  been  sugges ted  to in te rac t  w~th the  lm~dazohne recogm-  
t lon  site of  the  c~z-adrenoceptor  in the  cen t r a l  n e r v o u s  sys-  
t em [12] T h u s ,  coca i ne  a n t a g o m z e d  the  i nh ib i t o ry  e f fec t  
of  the  lm~dazohne  c l o n l d m e  on s t l m u l a h o n - e v o k e d  
[~H]norepmephrme  re lease  f rom rat  ce rebra l  cor t ica l  sl ices,  
but  faded to p r even t  the  m h l b l h o n  o f  re lease  by  
a - m e t h y l n o r e p m e p h n n e  [12] In the  p re sen t  s tudy  we mves -  
t lgated the  poss ib le  i n v o l v e m e n t  of  c~2-adrenoceptors in the  
l o c o m o t o r  d e p r e s s m n  reduced  by  IP  admin i s t r a t i on  of  nor-  
coca ine ,  an  ~mportant  m e t a b o h t e  o f  coca ine  tha t  ~s fo rmed  
by N - d e m e t h y l a t l o n  and  has  cen t ra l  ac t twty  [1, 2, 6] S ince  

p re synapUc  d o p a m m e  recep to r s  have  been  lmphca t ed  in 
h y p o m o t l v e  effects  [3, 4, 7], m addi t ion  to c~2-adrenoceptors,  
we also stud~ed the  effect  of  neuro lep t t cs  on the n o r c o c a m e -  
reduced  h y p o m o t d l t y  

METHOD 

Male B A L B / c B y  mice,  8--12 weeks  of  age, weighing  
18--22 g, were  used  f rom the  b reed ing  co lony  of  our  Ins t i tu te  
The  a m m a l s  were  kept  on a 12-hour hgh t /da rk  cycle  (7 a m / 7  
p m hght) ,  wi th  food and  wa te r  avadab l e  ad hb  Mice  were  
housed  m separa te  plast ic  cages  (27× 17× 12 cm)  f rom one  to 
th ree  days  pr io r  to tes t ing  m the  same room m which  the  
behav io ra l  m e a s u r e m e n t s  were  made  Shades  were  d r a w n  to 
reduce  the hght  f rom the w indows ,  and no  art~ficml hgh t  was  
used  Behav io ra l  tes t ing  was pe r fo rmed  b e t w e e n  9 a m and  
5 p m and  was s ta r ted  by  placing the  ammal  m ~ts own  h o m e  
cage m an  O p t o - V a n m e x - M m o r  actw~ty m o m t o r  (Co lumbus  
I n s t r u m e n t s )  and  rep lac ing  the  roo f  w~th a fiat one  wzthout  
food and  wa te r  Af te r  an exp lo ra to ry  per iod  of  10 ram, the  
ammal  was  m o m t o r e d  for  30 m m  The  a m m a l  was then  in- 
j e c t e d  w~th an  a n t a g o m s t  or  sahne ,  p laced back  m the  h o m e  
cage,  and  m o m t o r e d  for  20 m m  Subsequen t ly ,  ~t r e c e w e d  an  
mject~on of  agonls t ,  no rcoca lne ,  or  sahne ,  and  was moni-  
to red  for  a n o t h e r  30 m m  The  n u m b e r  of  ac twl ty  coun t s  
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FIG 1 Effect of norcocalne on spontaneous locomotor activity of 
mice Locomotor counts were recorded every 10 mm Injections are 
Indicated by arrows O - - - -  ©, 1st rejection, saline, 2nd injection, 
saline O -  Q, 1st injection, saline, 2nd rejection, norcocalne (I0 
mg/kg IP) Results are the mean±SEM for six animals *p=0 06, 
" 'p<0  01, " " p < 0  02, compared with control group at that time- 
point, two-taded Mann-Whitney U test 

p r o d u c e d  in the  last  30-mln per iod  was e x p r e s s e d  as pe rcen t  
of  those  m the  init ial  30-mln per iod  This  m e t h o d  takes  into 
a c c o u n t  the  s o m e w h a t  v a n e d  base l ine  levels  of  s p o n t a n e o u s  
ac t iv i ty  in d i f ferent  an imals  The  behav io ra l  da ta  p r e sen t ed  
in this  p a p e r  are b a s e d  on  act iv i ty  coun t s  p roduced  by  the  
an imal s  by  in te r rup t ing  cons ecu t i ve  inf rared  b e a m s  only,  
sy s t ema t i c  i n t e r rup t ions  of  one  b e a m  are not  inc luded  The  
ac t iv i ty  c o u n t s  t he re fo re  main ly  r e p r e s e n t  a m b u l a t i o n  Each  
an imal  was  used only  once  The  same  drug s e q u e n c e s  were  
admin i s t e r ed  at  va r ious  t imes  of  the  day to min imize  the  
effect  of  t ime- re la ted  p h e n o m e n a  on  the  behav io ra l  resul t s  

Drugs  were  d i s so lved  in sal ine wi th  the  fol lowing excep-  
t ions  N o r c o c a i n e  was  first d i sso lved  in w a r m  25 mM sodium 
p h o s p h a t e  buffer ,  pH 6 7, then  sal ine was added  to ob ta in  
final c o n c e n t r a t i o n s  of  6 2 m M  sodium p h o s p h a t e  and  
0 12 M NaCI (phospha te - sa l ine )  Ha loper tdo l  so lu t ions  were  
d i lu t ions  in phospha t e - s a l i ne  of  s tocks  p r epa red  by dissolv-  
ing a smal l  a m o u n t  o f  ha loper ldo l  in one  d rop  of  glacial  acet ic  
acid and  add ing  wate r ,  the  final d i lu t ions  had  a pH close  to 
neu t ra l  Spl roper idol  so lu t ions  were  p repa red  the  same  way 
A p o m o r p h i n e  hyd roch lo r ide  was  d i s so lved  in sal ine by  
wa rming  All in jec t ions  were  g iven  in a vo lume  of  0 15 ml per  
20 g body  weight  Stat is t ical  s lgnif icancles ,  excep t  whe re  
no ted ,  were  ob t a ined  wi th  the  two- ta i led  M a n n - W h i t n e y  U 
tes t  

RESULTS AND DISCUSSION 

T h e r e  was  a rapid onse t  of  l o c o m o t o r  d e p r e s s i o n  af te r  IP 
in jec t ion  of  10 mg/kg no rcoca Ine  ( inject ion 2, sohd  line In 
Fig 1) The  an imals  spen t  mos t  of  the  pos t - in jec t ion  t ime 
si t t ing In one  co rne r ,  wi th  the i r  backs  cu rved  and  eyes  open  
The  an imals  were  less a ler t  bu t  did not  a s s u m e  pos tu re s  
normal ly  a s soc ia t ed  wi th  s leep T he  h y p o m o t l v e  effects  of  
n o r c o c a m e  were  dose  re la ted  [13], and  for  this  s tudy  we 
chose  a dose  (10 mg/kg) tha t  causes  m o d e r a t e  inhibi t ion 

The  n o r c o c a m e - i n d u c e d  d e c r e a s e  in l ocomot ion  could  not  
be  an t agon i zed  by  p re t r ea t ing  the  an imals  wi th  the  c~_,- 
ad rene rg lc  an tagon i s t  y o h t m b i n e  (2 mg/kg SC) (Table  1) To 
assess  the  e f fec t iveness  of  such  a t r e a t m e n t  u n d e r  our  con-  
dl t ions ,  we e x a m i n e d  the In te rac t ion  b e t w e e n  y o h i m b i n e  and  
c lonid lne ,  an  c~_,-adrenergic agonls t  In a g r e e m e n t  wi th  pre-  
v ious ly  r epo r t ed  f indings  [5,11], p r e t r e a t m e n t  with  yoh im-  
b ine  grea t ly  r educed  the  l o c o m o t o r  d e p r e s s i o n  induced  by 

T A B L E  l 

EFFECT OF VARIOUS ANTAGONISTS ON THE HYPOMOTIL1TY 
PRODUCED BY NORCOCAINE, CLONIDINE,  AND APOMORPHINE 

Drugs Dose Motor activity 
Injection 1 + InJection 2 (mg/kg) cX of baseline 

Saline + Saline IP + IP 90 + 17 (7) 
Saline + Norcocame IP + 10 IP 25 + 7* (6) 
Yohimbme + 2 SC + 10 IP 17 ± 6* (6) 

Norcocame 
Phentolamlne + 0 3 IP + 10 IP 17 ± 4* (8) 

N o r c o c a l n e  

Halopendol + 0 I I P +  101P 9_+ 2t (6) 
Sorcocalne 

Splperone + 0 0 5 1 P +  101P 23 ± 6* (6) 
Norcocalne 

Saline + Clomdme SC + 0 1 IP 24 ± 6* (6) 
Yohimbme + 2 SC + 0 1 IP 66 ± 105 (8) 

Clomdme 
Phentolamme + 03  IP + 0 1 IP 63 ± 13§ (7) 

Clonldme 
Saline + Apomorphme IP + 0 1 SC 8 ± 3* (6) 
Haloperidol + 0 I IP + 0 1 SC 30 + 5¶ (6) 

Apomorphme 
Sp]perone + 005 IP + 0 1 SC 41 ± 9** (8) 

Apomorphme 
Yohimbme + 2 SC + 0 I SC 10 ± 3* (6) 

Apomorphme 
Cocaine methiodlde~:]: 50 IP 52 + 12++ (9) 

Results are means _+ SEM's of the motility of each animal for 30 
mm after the second injection as percentage of its initial motility 
measured for 30 min prior to the first injection (baseline) The time 
interval between the two injections was 20 mm Numbers In par- 
entheses indicate number of animals per group *p<0 004 compared 
with saline + saline, t p<0  05 compared with saline + norcocalne, 
Sp<0 02 compared with saline + clomdme, §p<0 05 compared with 
saline + clomdme, ¶p<0 01 compared with sahne + apomorphlne, 
**p<0 05 compared with saline + apomorphlne, t+0 05 < p < 0  10 
compared with sahne + sahne, two-taded Mann-Whitney U test 
$$Thls group received only one injection, after which it was mom- 
tored for 30 mm 

clonld lne  (0 1 mg/kg IP) ( p < 0  02, Table  1) The  same t reat-  
men t  wi th  y o h l m b l n e  was  not  able to part ial ly an tagon ize  the  
h y p o m o t l v e  effect  of  a p o m o r p h l n e  (0 1 mg/kg SC), indica t ing  
tha t  m the B A L B / c B y  mice  used for  this  s tudy c~.,-adrenocep- 
tors  are less hkely  to be  i nvo lved  m the a p o m o r p h l n e -  
induced  l o c o m o t o r  d e p r e s s i o n  than  in the  Swiss -der ived  
m o u s e  s t ra in  used by  S u m n e r s  et al [15] A n o t h e r  c~,- 
adrenerg lc  an tagon i s t ,  p h e n t o l a m l n e  (0 3 mg/kg IP), was  also 
ineffect ive  m pro tec t ing  against  the  h y p o m o t i v e  ac t ion of  
n o r c o c a m e  (Table  1) Yet ,  u n d e r  the  same expe r imen ta l  
cond i t ions ,  p h e n t o l a m l n e  did apprec iab ly  reduce  the 
c lon ld lne - lnduced  l o c o m o t o r  inhib i t ion  ( p < 0  05) There  was 
no s ta t is t ical ly  s ignif icant  effect  of  the %,-adrenerglc  
an tagon i s t s  t h e m s e l v e s  on s p o n t a n e o u s  l ocomoto r  act iv i ty ,  
w h e n  the  moti l i t ies  were  c o m p a r e d  af ter  Inject ion of  saline,  
p h e n t o l a m m e ,  and  yoh lmbine ,  exp re s sed  as pe rcen t ages  of  
base l ine  ac t iv i t ies  ( / )>0 50, tes t  of  Kruska l  and  Walhs)  

The  i n v o l v e m e n t  of  d o p a m l n e  a u t o r e c e p t o r s  in the  
h y p o m o t l v e  ac t ion  of  no rcoca ine  was  a s se s sed  by pre t rea t -  
ing an imals  with  a low dose  of  h a l o p e n d o l  (0 1 mg/kg IP) or  
sp ipe rone  (0 05 mg/kg IP), a imed  at se lec t ively  b lock ing  
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p r e synap t l c  d o p a m l n e  r ecep to r s  N e i t h e r  an t agon i s t  was  
able  to  c o u n t e r a c t  the  inhib i t ion  by  n o r c o c a m e ,  ha loper ido l  
had  a small  bu t  s ta t is t ical ly  s~gnlficant ( p < 0  0 5 ) p o t e n t m t m g  
effect  (Table  l) In con t r a s t ,  bo th  ha loper ldol  (/9<0 01) and  
sp~perone (p < 0  05) r educed  the  inh ib i to ry  effect  on  Iocomo-  
tmn  p r o d u c e d  by  a p o m o r p h l n e  (0 1 mg/kg SC), m a g r e e m e n t  
w~th f indings by o the r s  [3,4] The re  was  no  s ta t is t ica l ly  slg- 
mf ican t  effect  o f  the a n t a g o m s t s  t h e m s e l v e s  on  l o c o m o t m n  
( / )>0 95. tes t  of  Kruska l  and  Walhs ,  as above  for  adrenerg lc  
an tagon i s t s )  

The  p re sen t  resul t s  mdtca te  tha t  ne i the r  ~ , - a d r e n o c e p t o r s  
nor  d o p a m m e  a u t o r e c e p t o r s  in the  b ra in  are i nvo lved  m the  
inh ib i to ry  effect  of  n o r c o c a l n e  on s p o n t a n e o u s  l o c o m o t o r  
b e h a v i o r  The  effect  of  IP n o r c o c a t n e  m this  s tudy  seems  to 
be s~mdar to tha t  of  the  local anes the t i c  h d o c a m e ,  which  
p roduces  a b e h a w o r a l  d e p r e s s m n  upon  IV admm~s t ra tmn  m 
rabb~ts and  ca ts  [16] U n d e r  our  cond i t ions ,  we have  ob-  
ta ined  h y p o m o t l v e  effects  of  IP  a d m i n i s t e r e d  h d o c a m e ,  and  
also of  o the r  local an e s t he t i c s  such  as t e t r acame ,  p n l o c a m e ,  
p roca ine ,  and  b e n z o c a l n e  [13] In addi t ion ,  coca ine  
methmd~de,  the  c o m p o u n d  bear ing  a q u a t e r n a r y  mt rogen ,  
does  not  c ross  the  b lood-bra in  b a m e r ,  and  has  local anes-  
the t ic  ac t iv i ty  [14], u n d e r  the  p r e s en t  cond~tmns,  coca ine  
methlod~de (50 mg/kg IP) a p p r e c m b l y  inhib i ted  l o c o m o t m n  
(Table  l, 0 0 5 < p < 0  10), ~ts p o t e n c y  m this  r e spec t  was  simi- 
lar to tha t  o f  p roca ine  and  hdoca lne  (not  shown)  The  da ta  so 
far are c o n s o n a n t  wi th  the  v lew tha t  the  l o c o m o t o r  inhibi-  
t ions  o b s e r v e d  wi th  IP n o r c o c a m e  and  o the r  coca ine  con-  
gener s  are due to the  local a n e s t h e t i c  p o t e n c y  o f  coca ine-  
re la ted  s t ruc tu re s  A l though  n o r c o c a m e  has  been  r epo r t ed  to 
have  cen t ra l  ac t iv i ty  [ 1,2,  6], we p ropose  tha t  upon  sys t emic  
a d m l m s t r a t m n  of  n o r c o c a l n e  its local anes the t i c  p o t e n c y  is 
the d o m i n a n t  p roper ty  The  cen t ra l  po t ency  o f  n o r c o c a m e  in 
inhibi t ing neu rona l  up take  of  d o p a m l n e  In the  mouse  
s t r la tum is three  t imes  w e a k e r  than  that  of  coca ine  (Blo~ h e m  
P h m m a ~  o/, In press) ,  n o r c o c a l n e  has  been  repor ted  to be a 
s t ronge r  local anes the t i c  than  coca ine  [8,9] These  effects  
may  par t ly  explain  the  int r iguing o b s e r v a t i o n  tha t  coca ine  is 

a po ten t  l o c o m o t o r  s t imulan t ,  whe rea s  its d e m e t h y l a t e d  
m e t a b o h t e ,  n o r c o c a m e ,  ~s a p o t e n t  l o c o m o t o r  d e p r e s s a n t  
The  local  a n e s t h e t i c  effect  of  IP  n o r c o c a i n e  on l ocomot ion  is 
p r o b a b l y  not  due  to fac tors  g o v e r n i n g  zts en t ry  into and  
c lea rance  f rom the  bra in ,  s ince  pe r iphe ra l  a d m i m s t r a t m n  of  
[~H]norcocame to ra ts  has  been  s h o w n  to resul t  in b ra in  
levels  of  n o r c o c a l n e  s o m e w h a t  h igher  than  those  of  coca ine  
a f te r  per iphera l  a d m l m s t r a t l o n  o f  [a l l ]cocaine ,  whe rea s  
the re  was litt le d i f ference  b e t w e e n  the b ra in - to -p l a sma  r a tms  
of  [~H]norcocame and  [~Hlcocame and  b e t w e e n  thew ha l f  
l ives in the b r a m  [10] In a d & t m n ,  per iphera l ly  admln t s t e r ed  
n o r c o c a m e  and  coca ine  do share  some  cent ra l  effects ,  such  
as a dec rea se  in f ixed-rat io  food-main ta ined  r e s p o n d i n g  m 
rats  and  m a i n t e n a n c e  of  s e l f - a d m l m s t r a t m n  b e h a w o r  in 
m o n k e y s  [1] Quan t i t a t ive  d i f fe rences  m rats  b e t w e e n  nor-  
coca ine  and  coca ine  have  been  r epo r t ed  for  the i r  p o t e n c y  m 
g e n e r a h z m g  to coca ine  in a d~scr lminatwe s t imulus  pa rad igm 
[2] and  m reduc ing  food in take  [1], whe rea s  q u a h t a t l v e  
d i f fe rences  exist  m the effects  on  f ixed- in terval  food-mare-  
t amed  r e spond ing  [I] In tha t  same s tudy,  coca ine  (10, 20, 
and  40 mg/kg IP) e n h a n c e d  l o c o m o t o r  ac t tv l ty  of  Wls ta r  rats ,  
but  the  same doses  of  n o r c o c a l n e  did not  Coca ine  has  been  
sugges ted  to specif ical ly in te rac t  with  the  lm~dazohne 
r ecogmt lon  s~te of  the  cent ra l  ~ , - a d r e n o c e p t o r  [12], and  the  
poss~blhty exis ts  tha t  this  a c t m n  con t r i bu t e s  to the  cen t ra l ly  
s t lmula to ry  effect  of  coca ine  The  p resen t  resul ts ,  howeve r ,  
m a k e  it unl ikely  tha t  cen t ra l  c~_,-adrenoceptors are Involved  
in the  inh ib i to ry  effect  of  n o r c o c a m e  on s p o n t a n e o u s  loco- 
m o t o r  b e h a v i o r  of  mice 
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