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LERNER, T , J FELDON AND M S MYSLOBODSKY Amphetamine potenttatum of antt-confll~ t at tlon of c hlor- 
dmztT~oxtde PHARMACOL BIOCHEM BEHAV 24(2) 241-246, 1986 --A modified Geller-Seffter paradigm was employed 
to test m male albino rats the effects of subthreshold doses of amphetamine and chlordmzepoxlde (CDP), administered 
separately or in combmatmn, on shock induced suppressmn of food-reinforced lever-pressing MK-801, a newly synthe- 
sized sympathomlmetlc with anxlolytlc and antlconvulsant properties, was also tested dl-Amphetamlne in doses of 0 1, 
0 2, 0 3, and 1 0 mg/kg had no anxlolytlc nor anxlogemc effects, but at 1 0 mg/kg it increased non-conflict responding CDP 
in doses of 0 1, 0 2, and 0 4 mg/kg had no slgmficant effect on conflict and non-conflict responding CDP m the dose of 0 8 
mg/kg tended to increase confhct responding Coadmlmstratlon of amphetamine (0 2 mg/kg) and CDP (0 4 mg/kg) had a 
significant anti-conflict effect MK-801 at 50/zg/kg and 100/zg/kg caused a significant increase in non-conflict responding 
MK-801 at 50 ~g/kg exerted also a significant anti-conflict effect The dlslnhlbltory effects of amphetamine coadmmlstered 
with CDP were discussed in terms of a possible enhanced noradrenerglc or dopamlnerglc activity and their interaction with 
GABA neurotransmlsslon at GABA-benzodlazeplne coupled sites 

dl-Amphetamlne Catecholamlnes Chlordmzepoxlde HCI Benzodmzeplnes MK-801 
Locu~-coeruleus Anxiety Punishment Anti-conflict test Rats 

REDMOND et al [37] hypothesized that anxiety results 
from chronic overactlvlty of the noradrenerglc neurons 
originating from the locus coeruleus (LC)-noreplnephrlne 
(NE) system, or hyperactivity of target neurons, and that the 
benzodlazeplnes-produced augmentation of punished re- 
sponding is mediated by the antagonism of LC activity [38] 
A smular suggestion has been forwarded by Gray [19] on the 
basis of findings that dorsal noradrenerglc bundle lesions 
exert anti-anxiety effects as lndlcated by the alleviation of 
punishment induced suppression of responding in rats This 
reasoning imphes that the psychomotor stimulant, am- 
phetamine, which is known to enhance the release and to 
reduce the reuptake of NE [20] should cause or potentiate 
anxiety related behavioral responses Furthermore, ben- 
zodlazeplnes would be expected to counteract these effects 
of amphetamine While numerous findings are consistent 
with these predictions [11, 15, 22], there are puzzling obser- 
vations of amphetamine induced potentiation of ben- 
zodlazeplne action in various behavioral paradigms [3, 14, 
41, 43, 44] 

A related paradoxical effect of amphetamine Is its anti- 
convulsant action The correlation between the anxIolyt~c 
potency of benzodIazepmes and their abdlty to suppress 
metrazol-lnduced seizures is well documented [46] In con- 
trast, anxiety inducing substances are broadly classified as 
proconvulsants or genuine convulsants Therefore, am- 
phetamine would be expected to augment the susceptibility 
to metrazol-induced convulsions However,  this is found 
only with high doses of the drug (10-15 mg/kg), whereas low 
doses (1-4 mg/kg) typically enhance resistance to seizures 

[25] and potently suppress photoconvulslve discharges [5, 
26, 34] This effect can not be attributed to enhanced LC 
activity Rather, based on studies of Graham and Aghajanlan 
[18], the anttconvulsant properties of amphetamine may be 
related to reduced " L C  tone " Low doses of systemically 
administered amphetamine have been found to augment the 
rate of spontaneous finng of hlppocampal neurons [24] 
Since hlppocampal cells receive inhibitory influences from 
the LC, this result was interpreted as suggesting that am- 
phetamine reduced LC-medtated control over  some target 
neurons Assuming that receptors mediating this effect are 
identical or similar to the noradrenerglc alpha-2 receptor, 
one could argue that amphetamme, like clonldine [6, 38, 39], 
might have anxiolytlc rather than anxlogemc properties 

The present study examined this posslblhty by testmg the 
effects of subthreshold doses of amphetamine and chlor- 
dlazepoxlde, administered separately or in combination, on 
punished responding in a Geller-Selfter [17]  conflict 
paradigm In addition, dose-response effects of am- 
phetamine were compared with those of a newly synthesized 
sympathomlmetlc, MK-801 which has been reported to have 
pronounced antlconvulsant and anxtolytlc properties [8,9] 

The Geller-Seifter procedure is a multiple operant 
schedule consisting of periods of variable mterval reinforce- 
ment alternating with periods of continuous reinforcement in 
which each response produces both reinforcement and foot- 
shock (the conflict period) Response rate in the conflict 
period which is normally suppressed by footshock is further 
suppressed by amphetamine and is increased by anxlolytics 
(e g , [11]) In the present modified procedure the reinforce- 

1Requests for repnnts should be addressed to M S Myslobodsky, LPP, NIMH, Bldg 10, Room 4C110, 9000 Rockvdle lhke, Bethesda, MD 20205 
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242 L E R N E R ,  F E L D O N  A N D  M Y S L O B O D S K Y  

T A B L E  1 

THE EFFECT OF MK-801 ON CONFLICT AND NON-CONFLICT RESPONSES IN THE GELLER-SEIFTER PARADIGM 

Non-Conflict Responses Conflict Responses 
(mean + SEM) (mean + SEM) 

Test Dose # of F F 
Drug (IP) Rephc Sahne Drug Values Sahne Drug Values 

MK-801 50/zg/kg 4 54 + 4 1 113 _+ 8 7 16 91" 10 57 +- 1 6 36 _+ 5 3 12 6* 
MK-801 100/zg/kg 3 6 0 + 4 2  114+_83 4911~: 905 + 19 3 1 8 + 3 7  456 
MK-801 250/zg/kg 2 67 + 9 6 20 _+ 8 6 6 03~- 5 06 +_ 1 2 2 08 +_ 0 2 17 89v 

MK-801 was tested against ~ts sahne vehicle After rejection rats were placed m the Skinner-box and allowed to bar-press for 
food m the CONF and NCONF segments of the session Values represent the mean (_+SEM) of the total number of responses 
dunng the CONF and NCONF segments of the paradigm with number of rephcatlons specified A two-way ANOVA for repeated 
measurements composed of drug effects (drug vs sahne) and rephcatlons was carned out 

0 05<~-p<0 10, *p<0 05, ~p<0 01 

m e n t  s chedu le  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  the  pre-confllCt 
and  confl ic t  per iods  (see P rocedure )  

METHOD 

Subje~ t~ 

The  sub jec t s  were  16 male  Wls t a r  ra ts  (Tel -Avlv  Un ive r -  
sity Medica l  School ,  Israel)  of  abou t  90 days  of  age, weighing  
a p p r o x i m a t e l y  300 g at  the  s tar t  of  the  e x p e r i m e n t  They  
were  housed  individual ly  u n d e r  r eve r sed  cycle  l ighting for  
the  dura t ion  of  the  e x p e r i m e n t  

Apparatu s 

F o u r  s t anda rd  two- leve r  C a m p d e n  I n s t r u m e n t s  (CI 460) 
S k i n n e r  b o x e s ,  e ach  enc lo sed  m a s o u n d - a t t e n u a t i n g  box  
T h e  r igh t -hand  lever  was  a b s e n t  R e i n f o r c e m e n t  for  r e spond-  
lng on  the  l e f t -hand  l eve r  was  one  45 mg prec i s ion  food pel le t  
( C a m p d e n  I n s t r u m e n t s  L t d )  The  grid f loors  were  con-  
n e c t e d  to C a m p d e n  I n s t r u m e n t s  c o n s t a n t  cu r r en t  shock  
g e n e r a t o r  (52 l /C) and  s c r a m b l e r  (521/S) A R ockw e l l -AIM 65 
m i c r o p r o c e s s o r  was  used  for  e q m p m e n t  p r o g r a m m i n g  and  
da ta  r e c o r d m g  

Drug~ 

The  fol lowing c o m p o u n d s  were  used  d l - A m p h e t a m t n e  
(Amph)  (Smi th ,  K h n e  and  F rench ) ,  Ch lo rd l azepox lde  HCI 
(CDP) ( H o f f m a n - L a  Roche ,  Inc  ), and MK-80I  (cour tesy  of  
Dr  C h n e s c h m l d t ,  M e r c k  Ins t i tu tes ) ,  all d i s so lved  in saline 
d l -Amph ,  CDP,  and MK-801 were  each  adm i n i s t e r ed  IP 10, 
20, and  30 rain,  r espec t ive ly ,  pr ior  to the drug sess ions  

Tr~ltntnL, 

Two  weeks  pr ior  to the  s tar t  of  the  b e h a w o r a l  t r a lnmg  
ra ts  were  food depr ived ,  and  r ece ived  app rox ima te ly  8 g of  
ra t  c h o w  pe r  day  A m m a l s  were  m a m t a l n e d  at a p p r o x i m a t e l y  
80% of  the i r  free body  weight  t h r o u g h o u t  the  e x p e r i m e n t  
W a t e r  was  freely ava i lab le  in the  h o m e  cages  All ra ts  were  
hand l ed  for  a p p r o x i m a t e l y  30 sec  a day  for  one  week  before  
the  beg inn ing  of  the  e x p e r i m e n t  Fo l lowing  this  per iod rats  
r ece ived  magaz ine  t ra in ing  and  shap ing  unti l  the i r  r e spond-  
mg s tabi l ized  on  a var iab le  in te rva l  (VI) 60 sec schedu le  
E a c h  VI sess ion  length  was 57 m m  The  two l ights a b o v e  the  

two levers  ( the r ight  lever  was  r e t r ac ted )  were  on th rough-  
out ,  and  the  an imal s  were  run  for  7 days  a week  Af te r  3 
m o n t h s  of  such  VI sess ions ,  an imals  were  run  unde r  a mod- 
ified Gel le r -Se l f te r  p r o c e d u r e  [36] The  t radi t ional  Geller-  
Sel f te r  confl ic t  tes t  is a mixed  schedu le  cons i s t ing  of  b a s e h n e  
(non-conf l ic t )  c o m p o n e n t s  of  VI r e in fo rcemen t  a l te rna t ing  
wi th  conf l ic t  c o m p o n e n t s  in which  bo th  food and  shock  are 
de l ivered  on  an  FR schedu le  Thus ,  the t r ans fe r  f rom the 
base l ine  r e s p o n d i n g  c o m p o n e n t  to the  s ignal led confl ic t  
c o m p o n e n t  co inc ides  with a change  in the  schedule  on  which  
the  an imals  are re in forced  C o n s e q u e n t l y ,  an  increase  in re- 
spond ing  dur ing  bo th  the  base l ine  and  the  signalled confl ict  
s egmen t  is difficult  to in te rpre t  Also,  drugs  which  might  
affect  incent ive  mot iva t ion  may inf luence the two compo-  
nen t s  d i f ferent ly ,  s ince they differ  in r e i n f o r c e m e n t  dens i ty  
The re fo re ,  in our  modif ied p rocedu re  the r e in fo rcemen t  
s chedu le  (VI-60 sec) r ema ined  c o n s t a n t  t h r o u g h o u t  the  
base l ine  and  the  s ignal led confl ict  c o m p o n e n t s  This  a l lowed 
a d i rec t  c o m p a r i s o n  b e t w e e n  the  base l ine  r e sponse  rate and  
the  conf l ic t  c o m p o n e n t  r e sponse  ra te  

Each  tes t  sess ion  las ted 57 mln and  cons is ted  of  5 seg- 
m e n t s  of  9 mln food Vl-60 sec ( n o n - c o n f l l c t - - N C O N F )  and 4 
in t rus ion  per iods  of  3 rain food and  shock  VI-60 sec 
( c o n f l l c t - - C O N F )  The  in t rus ion  per iod  was signalled by the  
house  light f lashing at 2 Hz dur ing  the  ent i re  per iod The  first  
shock  was d e h v e r e d  upon  the  first r e sponse  emi t ted  d u n n g  
this  per iod  and  for  the  res t  of  the  3 rain p e n o d  it was  deliv- 
e red  on a VI-60 sec schedu le ,  i n d e p e n d e n t l y  of  the VI-60 sec 
food schedule ,  which  c o n t i n u e d  th roughou t  the non-conf l ic t  
and  conf l ic t  p e n o d s  

Shock  dura t ion  was 0 5 sec,  shock  level  was  initially 0 1 
mA,  and  was inc reased  individual ly  for  each  subJect so tha t  
the degree  of  supp re s s ion  dur ing  the  C O N F  per iod,  meas-  
ured in t e rms  of  supp re s s ion  ratio,  r anged  b e t w e e n  0 10 and 
0 25 The  suppre s s ion  rat io  was ob ta ined  by  dividing the 
n u m b e r  of  l ever  p resses  dur ing  the  3 mln C O N F  per iod by 
the  sum of  r e s p o n s e s  in the  C O N F  p e n o d  added  to the  
n u m b e r  of  r e s p o n s e s  dur ing  the  3 mln of  the  N C O N F  per iod 
p reced ing  the C O N F  per iod  Since the  e x p e r i m e n t  lasted for  
severa l  m o n t h s ,  it was  neces sa ry ,  as in p rev ious  similar  ex- 
p e r i m e n t s  [36], to adjus t  occas iona l ly  the  shock  level m 
o rde r  to ma in t a in  the supp re s s ion  rat ios  in the 0 10--0 25 
range  This  resu l ted  in some f luc tua t ions  in an imal s '  re- 
sponding ,  par t icular ly  dur ing  C O N F  segments  The  ac tual  
shock  levels  r anged  b e t w e e n  0 1 m A  and  0 25 mA 



A M P H E T A M I N E ' S  A N T I - C O N F L I C T  P O T E N T I A T I O N  

T A B L E  2 

THE EFFECTS OF CDP, Amph AND THEIR COMBINATIONS ON CONFLICT AND NONCONFLICT BEHAVIOR IN THE 
GELLER-SEIFTER PARADIGM 
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Non-Confhct Responses Conflict Responses 
(mean -+ SEM) (mean -+ SEM) 

Test Dose # of F F 
Drugs (IP) Rephc Sahne Drug Values Sahne Drug Values 

CDP 0 1 mg/kg 
CDP 0 2 mg/kg 
CDP 0 4 mg/kg 
CDP 0 8 mg/kg 

Amph 0 1 mg/kg 
Amph 0 2 mg/kg 
Amph 0 3 mg/kg 
Amph 1 0 mg/kg 

Amph + 0 1 mg/kg 
CDP 0 1 mg/kg 

Amph + 0 2 mg/kg 
CDP 0 2 mg/kg 

Amph + 0 2 mg/kg 
CDP 0 4 mg/kg 

Amph + 0 3 mg/kg 
CDP 0 8 mg/kg 

2 4 2 _  + 41 44-+ 43  045 5 1 8 - + 2 3  628-+ 0 9  109 
2 31-+ 3 9  4 1 _  + 3 6  191 5 0 3 - + 0 8  415-+  102 029  
2 46-+ 7 9  37 + 7 0  024 8 4 6 - + 2 2  582-+ 13 202 
3 40-+ 4 7  44 + 75  018 5 7 0 +  19 1 1 1 4 _  + 3 6  6545 

2 4 8 _  + 5 7  47-+ 6 8  004 859-+ 13 868-+ 18 001 
3 3 0 _  + 2 7  43-+ 65  316 464_+ 10 52 -+  109 187 
3 33-+ 31 48-+ 4 9  416  9 0 8 - + 2 3  1466-+ 31 131 
I 34-+ 7 8  69-+ 8 6  142" 1 0 6 - + 0 9  475-+ 2 5  469  

2 37 + 4 9  42 + 35  353 7 0  _+19 1456-+ 2 9  123 

I 33 + 72  4 0 -  + 72  312 2 3 1 - + 0 8  931-+ 4 0  347 

1 3 4 -  + 15 46-+ 102 543 9 1 2 - + 3 0  2912-+ 119 2327§ 

1 3 0 - +  1 2 8  48 + 6 0  4 8 7 5  9 18_+ 3 1 29 3 6 - +  6 1 13 7* 

Amph , CDP and their combinations were tested against their sahne vehicle After mjecuon rats were placed m the Skinner-box 
and allowed to bar-press for food m the NCONF and CONF segments of the session 

Values represent the means (_SEM) of the total number of responses during the NCONF and the CONF segments of the 
paradigm, with the number of rephcatlons spectfied A two-way ANOVA for repeated measurements composed of drug effects 
(drug vs sahne) and rephcatlons was carned out 

0 0 5 < t p < 0  10, *p<0 05, ~p<0 01, §p<0 001 

Subjec t s  were  run  for  50 s t abd lza t lon  tes t  sess2ons and  
were  then  d iv ided into 4 drug  t r e a t m e n t  g roups  m a t c h e d  for  
r e s p o n s e  ra tes  and  suppre s s ion  ra t ios  A m p h e t a m i n e  (2 rep- 
hca t lons  of  0 1 mg/kg, 3 r e p h c a h o n s  of  0 2 mg/kg, 3 rep- 
hca t lons  of  0 3 mg/kg,  and  l r ephca t lon  of  I 0 mg/kg),  C D P  (2 
r ephca t lons  of  0 I mg/kg,  2 r ephca t l ons  of  0 2 mg/kg, 2 rep- 
hca t lons  of  0 4 mg/kg, and  3 rep l ica t ions  of  0 8 mg/kg),  Am-  
p h e t a m i n e  + C D P  ( two r e p h c a h o n s  of  0 1 mg/kg A m p h  + 0 1 
mg/kg CDP,  one  r ephca t ion  of  0 2 mg/kg A m p h  + 0 2 mg/kg 
CDP,  one  r ephca t lon  o f  0 2 mg/kg A m p h  + 0 4 mg/kg CDP,  
and  one  repl ica t ion  of  0 3 mg/kg A m p h  + 0 8 mg/kg CDP) ,  
MK-801 (4 r ephca t lons  of  50 ~g/kg,  3 r ephca t l ons  o f  100 
/~g/kg, and  2 rephca tJons  o f  250/zg/kg)  

All a m m a l s  were  t es ted  once  dady  and  each  a m m a l  was 
used as its own  con t ro l  Drugs  were  adm i n i s t e r ed  on  eve ry  
th i rd  day  On the  non-drug  days  ra ts  were  Injected with 1 
ml/kg o f  s ahne  

F o r  each  subjec t ,  m each  sess ion ,  the  n u m b e r  of  re- 
sponses  were  r eco rded  m the  four  in t rus ion  (confl ict)  
per iods ,  and  m the  3 rain per iod  p reced ing  each  lntruszon 
per iod  Thus ,  the  da ta  submi t t ed  to ana lys t s  inc luded  eight  
scores  pe r  rat  pe r  sess ion ,  cons i s t ing  o f  the  n u m b e r  of  re- 
sponse s  m the  four  3-mln conf l ic t  per iods  and  m the  four  
3-ram pre-conf l lc t  per iods  The  da ta  were  ana lysed  using a 
two-way  analys is  of  va r i ance  ( A N O V A )  c o m p o s e d  of  two 
repea ted  m e a s u r e m e n t  fac tors  of  drug (drug vs sahne)  and 
r ephca t l ons  

RESULTS 

MK-801 Effe~ t 

Table  1 p r e sen t s  the  ana lys i s  o f  the  effect  o f  MK-801 
c o m p a r e d  wi th  the  sal ine con t ro l s  MK-801 at the  dose  of  50 
/~g/kg had  a s igmficant  effect  on  bo th  the  N C O N F  rate  o f  
r esponding ,  F (1 ,3 )=16  91, p < 0  03, and  on  the  C O N F  re- 
sponse  ra te ,  F (1 ,3 )=  12 6, p < 0  04 The  re jec t ion of  100 p.g/kg 
of  the  drug e n h a n c e d  r e s p o n s e  ra te  dur ing  the  N C O N F  
per iod ,  F (1 ,3 )=49  11, p < 0  007, bu t  failed to induce  a szgnlfi- 
can t  Increase  m the  C O N F  r e s p o n s e  rate ,  F (1 ,3 )=4  56, 
p > 0  10 At  the  dose  of  250 /~g/kg a suppress ive  effect  on  
bo th  the  N C O N F  and  the C O N F  r e s p o n s e  ra tes  was  ob- 
se rved  T h e s e  effects  a p p r o a c h e d  s ignif icance,  F ( 1 , 3 ) = 6  03, 
p < 0  10, and  F(1 ,3 )=  17 89, p < 0  07, r e spec t ive ly  

Amphetamme Effe~ t~ 

Table  2 p r e sen t s  the  analys is  of  the  effects  of  am- 
p h e t a m i n e  Doses  of  0 1, 0 2 and  0 3 mg/kg were  sub- 
t h r e sho ld  for  affect ing e i the r  the  C O N F  or  the  N C O N F  re- 
spond ing  At the  dose  of  1 0 mg/kg the  drug exe r t ed  a signifi- 
can t  f ac lh t a to ry  effect  on  the  non-conf l i c t  p e r f o r m a n c e ,  
F (1 ,3 )=14  2, p < 0  04, whi le  fail ing to d l smhib l t  C O N F  re- 
sponding ,  F (1 ,3 )=4  69, p > 0  10 On the  whole ,  the re  was a 
d o s e - r e s p o n s e  t r end  m the  effect  of  a m p h e t a m i n e  on  
N C O N F  behav io r ,  1 e , the  h igher  the  drug  dose ,  the  h igher  
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the relative increase in bar-pressing compared to the sahne 
basehne during the NCONF periods 

C D P  Effec ta 

CPD In doses of 0 1, 0 2, 0 4, and 0 8 mg/kg was sub- 
threshold for ehciting any reliable change In either the 
NCONF or the CONF responding The effect of 0 8 mg/kg of 
CDP on CONF response rate approached significance, 
F(1,3)=6 54, p < 0  09 (Table 2) 

A m p h e t a m m e - C D P  Coadmmts t ra t zon  

The Amph + CDP combination failed to affect signifi- 
cantly the response rate in either the NCONF or the CONF 
segments at the lower doses (0 1 mg/kg Amph + 0 1 mg/kg 
CDP, and 0 2 mg/kg Amph + 0 2 mg/kg CDP) At the higher 
dose (0 2 mg/kg Amph + 0 4 mg/kg CDP) the combination 
significantly Increased the CONF response rate, while failing 
to change significantly the NCONF performance, 
F(1,3)=232 7, p < 0  001, and F(1,3)=5 43, p =0 10, respec- 
tively At the highest combined doses (0 3 mg/kg Amph + 
0 8 mg/kg CDP) there was a significant increase in bar- 
pressing in both the NCONF, F(1,3)=48 7, p < 0  007, and 
CONF, F(1,3)=13 7, p < 0  04, periods 

DISCUSSION 

The present results confirm those of Chenschmidt et al 
[9] demonstrating an anti-conflict action of MK-801, although 
the dlslnhibltory effect of the drug on punished responding 
was obtained along with an enhancement of non-conflict re- 
sponding This difference may be due to differences in the 
mode of drug administration and the time of testing 
Cllenschmidt et al [9] administered the drug orally and 
tested their animals 1 hr later 

The anti-conflict effect of the widely used benzochazepine, 
CDP, was marginal at the highest dose employed in the pres- 
ent study, which is consistent with findings of Rawhns et al 
[36] Amphetamine exerted neither anxlogenlc nor anxlolytlc 
action when administered alone These results appear in- 
consistent with findings showing that amphetamine de- 
presses conflict responding [17, 21, 28, 31] and are most 
probably due to the procedural differences such as the use in 
our study of a different schedule of food and shock adminis- 
tration compared with the traditional Geller-Selfter proce- 
dure [17] or the intensity of the shock used [16,32] Under 
conditions of mild stress amphetamine is known to enhance 
responding such as bar-pressing for a dim light [4], or even a 
bright stroboscopic flash [34] 

The central result of the present study is that am- 
phetamine coadminlstered with CDP (both in subthreshold 
doses), potently dlsinhiblted punished responding These 
findings are in line with several studies indicating agonlstlc 
interaction of amphetamine and the benzodiazeplnes San- 
sone [43] reported that several benzodiazepines 
(bromazepam exempted) caused a significant enhancement 
of stimulant-Induced locomotion Amphetamine coadmlnis- 
tered with pentobarbltal or CDP to pigeons enhanced pun- 
ished responding that exceeded the levels obtained with 
either of the drugs given alone [3] 

The neuronal substrate of this interaction ~s obscure and 
cannot be determined from the existing data Amphetamine 
faclhtates both noradrenerglc and dopamlnerglc neuro- 
transmission [2,20] Since dopamme has been lmphcated m 
anxiety [47], it is conceivable that this effect is mediated by 
enhanced DAerglc activity The agonIsttc lnteractxon be- 
tween DAerglc and GABAergic compounds is not uncom- 
mon It has been demonstrated [1,7] that the ability of some 
neuroleptlcs (which selectively inhibit D-2 receptors) to in- 
hibit methylphenldate-induced gnawing In mice is reduced 
after pretreatment with dlazepam and THIP Likewise, sev- 
eral studies revealed a considerable degree of anatomical 
coupling between benzodlazepine receptors and N E carrying 
terminals [13] even though the functional significance of this 
linkage remains poorly understood Sabato et al [42] found 
that along with a decrease by about 70% of the NE content of 
the cerebral cortex in the 6-OHDA treated rats there was a 
20% decrease in benzodlazeplne receptors labelling and a 
five-fold increase in their affinity Doble et al [13] found a 
20% decrease In Bmax In the cerebellum of rats with no 
change in affinity after intracerebroventrlcular 6-OHDA 
These findings suggest that benzodlazeplne sites are located 
on the NE input to the cortex or the cerebellum 

In view of the contribution of GABA to the ant>conflict 
activity of various drugs, the dlslnhlbltory effects of am- 
phetamine coadmlnlstered with CDP could be attributed to 
enhanced NE modulatory action on neurotransmisslon at 
GABA coupled benzodlazeplne sites This influence may be 
similar to that of stress which causes an increase in ben- 
zodlazeplne receptors paralleled by reduced susceptibility to 
seizures [45] Indeed, NE released synaptlcally (by stimula- 
tion of the LC) or lontophoretlcally potentiated the re- 
sponses of Purklnje cells to the inhibitory action of GABA 
The same doses of NE, by themselves, elicited little or no 
change in spontaneous firing of these cells [23,48] Similar 
changes were observed in the cerebral cortex [48] 

Additional evidence favouring NE modulation of the 
GABA/benzodlazeplne receptor complex comes from the 
recent findings demonstrating that the nM concentration of 
the beta-blocker, propranolol, inhibited GABA stimulated 
benzodlazeplne binding [33], whereas GABA or ben- 
zodlazeplne antagonists opposed the anti-petit mal action of 
amphetamine [35] Further circumstantial support for the 
possible anti-punishment effect of amphetamine comes from 
the demonstration that this drug augments beta-endorphln 
release [10], thereby producing an analgesic effect [27] The 
above biochemical and electrophyslologlcal evidence may 
explain the behavioral pattern caused by the amphetamine- 
CDP combination However, much work is still needed to 
further clarify the significance and nature of this finding 
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