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PRICE, M. T. C. AND H. C. FIB1GI-R. Abolition of  nomifensine-induced stereotypy after 6-hydroxydopamine lesions of  
ascending dopaminergic projections. PHARMAC. BIOCHEM. BEHAV. 5(2) 107-109,  1976. - The effects of bilateral 
focal injections of 6-hydroxydopamine into the zona compacta of the substantia nigra (SNC) on nomifensine-induced 
stereotypy were examined in the rat. These lesions reduced neostriatal dopamine levels to less than 1 percent of control 
levels. They also abolished nomifensine-induced stereotyped behavior. It is suggested that nomifensine-induced stereotypy 
is mediated via a presynaptic action on dopamine uptake and release. 
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T H E R E  is cons iderable  evidence suggest ing t ha t  drug- 
induced behaviora l  s t e reo typ ies  are associated wi th  in- 
creased s t imu la t ion  of  d o p a m i n e  (DA) receptors  in the  
forebrain .  For  example ,  in jec t ions  of  a m p h e t a m i n e  can 
increase nerve impulse- induced  release of  neos t r ia ta l  DA 
[151 and p roduce  s te reo typy .  The  la t ter  effect  is b locked 
in an imals  given bi lateral  6 - h y d r o x y d o p a m i n e  (6 -OHDA) 
lesions to the head of  the cauda te  nuc leus  [1] or to the 
zona c o m p a c t a  of  the  subs tan t ia  nigra (SN(7) [ 11 ]. Inhibi-  
t ion  of  ca t echo lamine  synthes is  by o~-methyl-p-tyrosine 
(0~-MT) blocks  a m p h e t a m i n e - i n d u c e d  s t e r eo typed  behav io r  
but  not  a similar behaviora l  s y n d r o m e  induced  by  apomor -  
phine [31. Also, a p o m o r p h i n e - i n d u c e d  s t e reo typy  is 
po t en t i a t ed  r a the r  than  b locked  by 6-OHDA lesions to the  
SNC [111.  These  data have been taken as evidence that  
a p o m o r p h i n e ,  unl ike a m p h e t a m i n e ,  may direct ly  s t imula te  
DA receptors .  It has recent ly  been  shown tha t  nomi fens ine ,  
a p o t e n t  inh ib i to r  of DA u p t a k e  in to  s y n a p t o s o m e s  of  rat  
brain corpus  s t r i a tum 17] p roduces  s t e reo typy  in the rat 
[21. Costall  et al. [2] r epor ted ,  in add i t ion ,  tha t  e i ther  
~-M'I" in jec t ions  or e lec t ro ly t ic  lesions of  the  SNC reduced 
but  did not  abol ish nomi fens ine - induced  s t e reo typy  and 
conc luded  tha i  this c o m p o u n d  had some di rec t  post-  
synapt ic  act ivi ty  similar to tha t  of  a p o m o r p h i n e .  Since 
e lec t ro ly t ic  and 6-OHDA lesions may d i f fe ren t ia l ly  affect  
drug- induced  s te reo typ ies  [11] we used 6-OHDA lesions to 
the SNC to invest igate fu r the r  the  role of  ascending  
dopaminerg ic  sys tems in nomi fens ine - induced  s t e reo typy .  

METHOI) 

Animals and Surgery 

Under  N e m b u t a l  150 mg/kg)  anaesthesia ,  male Wistar 

rats ( 3 0 0 - 3 2 0  g) received bi lateral  s te reo tax ic  in jec t ions  of  
6-OHDA into  the  SNC. The  an imals  (n = 1 I)  were injected 
with 8 ug of  6 -Ot tDA h y d r o b r o m i d e  (dosage expressed as 
the base) in 4 ul of  0.15 M NaCI con ta in ing  ascorbic  acid 
(0.2 mg/ml) .  The  in jec t ion rate  was 0.2 u l /min .  The  
coord ina tes ,  t aken  f rom s te reo tax ic  zero,  were A + 3.1 m m ;  
L -+ 2.1 ram; and DV + 2.1 mm [9 ] .  The  rats received IP 
in ject ions  of  des ipramine  HCI (25 mg/kg)  30 rain before  the  
s te reo tax ic  inject ions.  In previous  expe r imen t s  it has been  
observed tha t  in add i t ion  to reducing  str iatal  DA levels by  
more  than  90%, similar in jec t ions  also p roduce  large 
decreases in fo rebra in  NA unless animals  are first p re t r ea ted  
with des ipramine  [ 5 , 1 2 ] .  Con t ro l  animals  (n = 10) under-  
went  sham opera t ions ,  but  did not  receive in t racerebra l  
injections.  In previous  unpub l i shed  expe r imen t s  nigral 
in ject ions  of  the vehicle so lu t ion  have been  found  not  to 
affect  s t r ia tal  DA levels nor  a m p h e t a m i n e - i n d u c e d  stereo- 
typy.  The  rats were housed  individual ly  on ad lib food and 
water.  The  bi lateral  SNC lesions p roduced  aphagia  and 
adipsia which necess i ta ted  intragastr ic  feeding twice daily 
[61. 

Pro cedure 

Five weeks pos topera t ive ly ,  the  animals  were in jected IP 
with nomi fens ine  hyd rogen  malea te  (20  mg/kg  expressed as 
the salt) which  was dissolved in a m i n i m u m  q u a n t i t y  of HCI 
made up to volume wi th  disti l led water.  The  animals  were 
then  re tu rned  to the i r  h o m e  cages. S t e r eo typed  behav io r  
was measured  as previously descr ibed [ 4 ] :  0 = normal  
behavior ;  1 = exp lo ra to ry  behavior ,  d i s c o n t i n u o u s  sniff ing;  
2 = c o n t i n u o u s  sniff ing;  3 = small compuls ive  head 
m o v e m e n t s :  4 = licking or b i t ing  the  wires of the  cage. 
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"FABI~E I 

EFI:EC*I OF FIILATERAI. 6-OtlDA LESIONS OF THE SNC ON NOMIFENSINE-INDUCED STEREOTYPY 

Nomifensine (2(1 mg/kg) 
0.5 hr I hr 1.5 hr 2 hr 2.5 hr 3 hr 

Controls (n=lO) 2.90 _+ 0.17 3.IX) _+ 0.21 3.10 +_ 0.10 2.90 +_ 0.17 2.70 -'- 0.21 2.20 ~ 0.24 
Substantia nigra 0.72 ± 0.13" 0.63 -,- 0.14" 0.63 ~_ 0.14" 0.36 _+ 0.14" 0.45 _+ 0.15" 0.36 ± 0.14" 
6-OHDA ( n = l l )  

*Significantly different from controls p<0.001. 
[Data represent means (_+ SEM)I. 

Measurements  were taken  6 t imes,  at half  hr intervals  
beginning  30 min af ter  the nomi fens ine  inject ions.  One 
week later, the  lesioned animals  were in jected wi th  an equal  
volume of  so lvent  and behav io r  was again measured  
according to the  s t e r eo typy  scoring system. Measurement s  
were t aken  30 and 60 min af ter  these inject ions.  Two weeks 
af ter  this final test  the  animals  were killed by  cervical 
f racture  and str iatal  DA and h y p o t h a l a m i c  noradrena l ine  
(NA) were measured  110].  

RESUI.TS 

Nomifcns ine  120 mg/kg)  p roduced  s t e r eo typed  behavior  
in the  con t ro l  animals  at each of  the  test  intervals,  whereas  
s t e reo typy  was never  exhib i ted  by the  nigraMesioned 
animals  ( 'Fable 1). All of the  con t ro l  animals  ob ta ined  
scores of  at  least 3 (small  compuls ive  head m o v e m e n t s )  at 
several of  the test  intervals.  Two of the con t ro l s  achieved 
scores of 4 I l icking or b i t ing  the  wires of  the cage). Nigral 
lesioned animals  were never  given a score grea ter  than  1 
( exp lo ra to ry  behavior ,  d i s con t inuous  sniffing).  The  scores 
ob ta ined  by nigraMesioned rats a f te r  nomi fens ine  did not  
differ  s ignif icant ly  f rom those  ob ta ined  fol lowing in ject ions  
of solvent  indica t ing  tha t  the  lesions resul ted in an 
abol i t ion ,  and not  only  a reduc t ion ,  in s t e reo typed  be- 
havior. 6 -OHDA lesions of  the SNC reduced neos t r ia ta l  DA 
to less than 1% of  con t ro l  values (con t ro l s  10.53 + 0 .54;  
SNC-lesioned 0.06 -+ 0.03 ug/g) but  did not  s ignif icant ly  
affect  h y p o t h a l a m i c  NA (con t ro l s  2.12 + 0 .08;  SNC- 
lesioned 1.87 + 0.1 1 ug/g). Errors  are s tandard  errors  of  the  
mean.  

DISCUSSION 

In previous  work we observed tha t  s t e r eo typy  produced  
by indi rec t ly-ac t ing  s y m p a t h o m i m e t i c s  such as d -amphe ta -  
mine was b locked  by bilateral  6-OHDA lesions of  the 
ascending DA systems while the  effects  of  di rect ly  ac t ing 
agonis ts  such as a p o m o r p h i n e  were p o t e n t i a t e d  [11 I. This 
la t ter  effect  was a t t r i bu t ed  to the deve lopmen t  of  post- 

j unc t iona l  supersensi t iv i ty  fol lowing denerva t ion .  Kelly, 
Seviour and Iverscn [81 have recent ly  suggested that  the 
most  in tense  aspects  of s t e r eo typy  (e.g., the  bi t ing or 
gnawing response)  are media ted  via the  nigro-str iatal  DA 
projec t ion  while the  meso l imbic  DA pro jec t ion  is the  
subs t ra te  for behaviors  such as c o n t i n u o u s  sniff ing and 
repet i t ive head movemen t s .  Lesions ident ical  to those  used 
in the  present  expe r imen t s  have, in previous  work,  been 
found  to des t roy  b o t h  the meso l imbic  and the nigro-str iatal  
DA pro jec t ions  (Fibiger ,  unpub l i shed  observa t ions) .  The  
f inding tha t  b o t h  the  modera t e  and in tense  aspects  of 
nomi fens ine - induced  s t e r eo typy  were abol ished by the 
6-OHDA lesions suggests tha t  b o t h  of these ascending DA 
systems were also des t royed  in the  present  exper iments .  

The  present  observa t ions  wi th  nomi fens ine  indicate  tha t  
the s t e r eo typy  induced by this  c o m p o u n d  can be a t t r i bu ted  
to a p resynapt ic  ac t ion on d o p a m i n e  up take  and release. If 
nomi fcns ine  did have some direct  DA agonist  act ivi ty then  
cer ta in  c o m p o n e n t s  of the s t e r eo typed  response  should 
have remained  intact  or even been exaggerated af ter  the 
6-OHDA lesions [ 11 ]. These results  are not  in accord with 
the conclus ions  of Costall  et al. [2] who  suggested that  in 
addi t ion  to a p resynap t ic  effect ,  nomi fens ine  also had a 
direct  apomorph ine - l i ke  pos t synap t i c  act ion.  The  basis of  
this d i screpancy  is most  likely the  d i f fe ren t  lesioning 
procedures  uti l ized in the  2 studies.  Costall  et al. [21 used 
e lec t ro ly t ic  lesions which,  unl ike 6 -Ol lDA,  p roduce  only 
modera t e  and unrel iable  r educ t ions  of  neost r ia ta l  I)A [ 1 I ]. 
l : u r the rmore ,  e lec t ro ly t ic  lesions p robab ly  des t roy  str ialal  
e f fe rents  as well as ascending DA systems.  Unfo r tuna t e ly .  
Costall et  aL [2] failed to measure  DA levels in 1heir 
exper iments .  The  present  data  suggest the re fore  tha t  
nomi fens ine  produces  s t e reo typy  by increasing the release 
and /o r  b locking  lhe re-uptake  of DA from terminals  of  
ascending dopaminerg ic  neurons .  However,  the fact tha! 
oe-MT and reserpine p r e t r e a t m e n t ,  bu t  not  o~-MT by itself, 
b locks these effects  of  no ,n i fens ine  suggest tha t  this 
c o m p o u n d  is more  similar to m e t h y l p h e n i d a t e  than to 
d - a m p h e t a m i n e  in its mechan i sm of  ac t ion [ 13 ,14] .  
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