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HJORTH, S , J A ENGEL AND A CARLSSON Antt~ onfllc t efJec t~ oJ low do6es of  the dopamme agontst apomorphme 
m the rat PHARMACOL BIOCHEM BEHAV 24(2) 237-240, 1986 - -The  effects of low, "autoreceptor doses (3 13-100 
#g/kg, SC) of the dopamme (DA) agomst apomorphme were investigated In a modified Vogel's conflict paradigm The 
compound was found to exert a marked, dose-dependent increase m the number of shocks taken m the conflict s~tuat~on 
(maximum ~230% of control responding, obtained at 12 5 /xg/kg), thus indicating an anxlolytlc action However, the 
dose-response curve was b~phaslc, reversely U-shaped, with the highest dose tried actually suppressing the punished 
response rate to below control levels Neither low- nor h~gh-dose apomorphme modified the rats' drinking "motivat ion" 
(glucose retake after 48 hr of water deprivation) On the other hand, whde unaltered by 12 5 tzg/kg, the pare threshold 
tended to be lowered by 100/~g/kg It is suggested that the anxlolytlc-hke action of apomorphme might be due to central DA 
autoreceptor stimulation, possibly m hmbJc/cort~cal forebram regions The conflict-promoting effect seen at 100 p~g/kg is 
hkely related to the concomttantly ehclted hyperalgesm The posslbd~ty of developing novel DA-modulatmg agents for the 
treatment of anxiety ~s raised 

Low-dose apomorphme AnuconflJct Rat Central dopamme autoreceptor Antmnx~ety agents 

T H E  vas t  major i ty  of  r e sea rch  c o n c e r n i n g  cent ra l  neuro-  
t r a n s m i t t e r  sys t ems  and  anx ie ty  s ta tes  has  been  d i rec ted  
towards  y - a m l n o b u t y n c  acid ( G A B A ) ,  s e r o t o n m  (5-HT) and  
n o r a d r e n a h n e  (NA) neu rons ,  the i r  in te rp lay  and  the  ef fec ts  
of  anxloly t lc  drugs  on  those  s y s t e m s  as well as on the spe- 
cific b e n z o d l a z e p m e  b inding  si tes (see,  e g , [23,24]) On  the  
o t h e r  hand ,  the poss ib le  role of  d o p a m i n e  (DA) in anx ie ty  is 
largely ove r looked  H o w e v e r ,  small  doses  of  DA an tagon i s t s  
have  been  repor ted  to exer t  anx~olytlc effects  m ce r t a in  chn-  
,cal cond i t ions  [6,22], even  though  neuro lep t l c s  m genera l  
are cons ide red  to be minimal ly  eff icacious  m the t r e a t m e n t  of  
anx ie ty  s ta tes  In te res t ing ly ,  as e w d e n t  f rom the  l i te ra ture ,  
small  doses  of  the DA agomst  a p o m o r p h t n e  can  also act  
benef ic ia l ly  in a var ie ty  of  CN S  d~sorders a s s o c m t e d  wi th  
exc i ta t ion ,  agi ta t ion and /or  anx ie ty  (e g , [9,17]) It is well 
e s t a b h s h e d  that  th~s agen t  can  e~ther supp re s s  or  pro- 
mote  the  act iv i ty  of  cen t ra l  DA synapses  d e p e n d m g  on the  
dose  and the  expe r im en t a l  cond i t ions  a p p h e d  [3] In an at- 
t e m p t  to p rov ide  some fu r the r  insight  into the  poss ib le  rela- 
t ion be tween  cent ra l  DA t r ansmis s ion  and  anxie ty ,  we there -  
fore c o n s i d e r e d  ~t wor thwhi l e  to scru t in ize  the  effects  of  
a p o m o r p h l n e  in a c o m m o n l y  used ammal  tes t  model  of  
a n x i e t y - - t h e  Vogel  conf l ic t  pa rad igm [27] 

METHOD 

Male ra ts  o f  the Sp rague -Dawley  s t ra ta  ( A L A B ,  Sol len-  
tuna .  Sweden) ,  weighing  180-250 g, were  used  m the  exper-  
imen t s  The  an imals  were  kept  u n d e r  con t ro l l ed  s t andard  
e n v i r o n m e n t a l  cond i t ions  ( t em pe r a t u r e  25°C, humid i ty  6(YYb, 
hghts  on  5 30 a m - 5  30 p m ) for  at least  one  week  af te r  
a r r iva l  m the  d e p a r t m e n t  un td  used  m the  e x p e r i m e n t s  Lab-  
o ra to ry  c h o w  (R3, A s t r a - E w o s ,  Soder ta l je ,  Sw eden )  and  tap 

wa te r  were  a l lowed ad hb  pr ior  to c o m m e n c e m e n t  of  the 
e x p e r i m e n t a l  p rocedu re  

Confl ic t  tes t ing  was car r ied  out  as p r e w o u s l y  desc r ibed  
[5] On the first  day of  the  e x p e r i m e n t  the  ra ts  were  adap ted  
for 10 minu te s  to the  tes t  c h a m b e r  Thxs was a Plexlglas  box  
( tuner  d imens ions  30× 24× 20 cm) enc losed  in a s o u n d p r o o f  
cage,  and  equ ipped  wi th  a grid f loor  of  s ta in less  steel  bars  
and  a dr inking  bot t le  con ta in ing  a 5 5% (w/v) g lucose  solu- 
t ion  An  electr ic  shock  (0 16 mA,  de l ivered  for 2 sec eve ry  
3rd sec by m e a n s  of  a commerc ia l ly  ava i lab le  shock  
gene ra to r  G r a s o n  S tad le r  E1064) could  be appl ied  b e t w e e n  
the  spou t  of  the  dr inking  bot t le  and  the  grid f loor  The  shock  
in tens i ty  (0 16 mA) was  c h o s e n  on  the  basis  of  p rev ious  ex- 
pe r imen t s ,  e s t abhsh lng  a level  of  r e spond ing  (d r lnkmg at- 
t empt )  m cont ro l  an imals  tha t  would  al low the  de tec t ion  of  
po ten tml  ant1- as well  as " p r o " - c o n f l l C t  drug ac t ions ,  i e , 
i nc reases  and  dec reases ,  r e spec twe ly ,  in the  n u m b e r  of  
shocks  t aken  du rmg  the  sess ion  

Af ter  the  lmtial adap ta t ion  the  ammals  were  water -  
dep r ived  for  24 hr  and  t hen  placed m the  tes t  c h a m b e r  for a 
fu r the r  5 m m  adap ta t ion ,  d u n n g  which  they had  free access  
to  the dr ink ing  bot t le  T h e r e a f t e r  they  were  a l lowed a 30-mm 
free dr ink ing  sess ion  m the i r  h o m e  cage Af ter  a n o t h e r  24 hr  
wa te r -dep r iva t i on  per iod ,  the  ra ts  were  again p laced  in the  
tes t  c h a m b e r  and  were  a l lowed to d rmk  the  g lucose  solut ion 
for  30 sec I m m e d m t e l y  t he rea f t e r  eve ry  s u b s e q u e n t  d r lnkmg  
a t t emp t  was  p u m s h e d  wi th  an  e lectr ic  shock  The  n u m b e r  of  
shocks  a c c e p t e d  dur ing  a 10-mm expe r imen t a l  sess ion  was  
r eco rded  To min imize  d iurna l  va rmt lons  in b e h a v i o r  all ex-  
p e r i m e n t s  were  car r ied  out  b e t w e e n  noon  and  3 00 p m The  
a m m a l s  were  used  only  once  in these  s tudies  

Pare sens i t iv i ty  was a s se s sed  m the confl ic t  tes t ing  
c h a m b e r ,  but  w~th the e lect r ica l  shock  d e h v e r e d  th rough  the  
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FIG I The effect of apomorphlne on conflict behavior m rats 
Apomorphlne (3 13-100/xg/kg SC) or vehicle was given to the rats 
l0 mm prior to placement in the conflict test chamber The total 
number of shocks accepted during the 10-mln test session was re- 
corded The means_+S E M of 4-12 observations are shown One- 
way ANOVA, F(6,52)=27 75, p < 0  001, followed by t-test was used 
for staUsncal comparisons with the control (vehicle) group 
*p<0 05, **p<0 01, ***p<0 001, N S - n o t  significant, p>0  05 

grid f loor  ins tead  of  the  dr ink ing  spou t  ( G r a s on  Stad ler  
E1064 shock  genera to r )  The  confl ic t  t es t ing  c h a m b e r  and  
the  shock  genera to r - regu la t ing  dev ice  were  s i tua ted  m sepa- 
ra te  rooms  The  shock  in tens i ty  was manua l ly  ra ised step- 
wise  by one  ass i s t an t  in the  " s h o c k - g e n e r a t o r  r o o m , "  f rom 
0 0 5 m A ( s t e p s  0 0 5 , 0 0 6 , 0 0 8 , 0  10 ,0  13 ,0  1 6 , 0 2 0 , 0 2 5 ,  
0 30, 0 40 mA,  shock  dura t ion  2 sec,  in t e r - shock  in terval  10 
sec) unti l  a reac t ion  indica t ive  of  pe rce ived  pain  ( jerk/ jump 
or  similar)  was  o b s e r v e d  by a second  ass i s t an t  in the  
" con f l i c t - t e s t i ng  room "' The  pain reac t ion  occu r r ed  typi- 
cally b e t w e e n  0 13 and  0 16 mA in veh ic le - t rea ted  rats  The  
o b s e r v e r  was  bl ind to the t r e a t m e n t  of  the an imal s  and to the  
cu r r en t  in tens i ty  appl ied 

The  dr ink ing  " m o t i v a t i o n "  was also e s t ima ted  in the  
g roup  of  an ima l s  p rev ious ly  used  in the  pain sens i t iv i ty  tes t  
Fo r  t he se  m e a s u r e m e n t s  the  ra ts  were  dep r ived  of  w a t e r  for 
48 hr  and  subsequen t l y  p laced  into individual  " h o m e "  cages  
wi th  free access  to 5 5% glucose  solut ion The  a m o u n t  of  
l iquid d r u n k  dur ing  a 2 hr -per lod  was  then  d e t e r m i n e d  

A t readmil l  (Rotarod)  wi th  a d i ame te r  o f  6 cm and a rota-  
t ional  speed of  8 rpm was  used  to assess  the  poss lb lh ty  tha t  
a p o m o r p h l n e  negat ive ly  af fec ted  m u s c u l a r  tone  or  co- 
o rd ina t ion  The  an imals  were  t ra ined  daily to walk  on the 
t readmi l l  In 10-minute sess ions  A tota l  of  3-4  t ra in ing  ses- 
s ions  were  typical ly  requi red  until  they were  able  to pursue  
the  t readmil l  walking for  300 cons ecu t i ve  s econds  wi thou t  
fa lhng off  An ima l s  tha t  fai led to fulfill this  c r i t e r ion  in two 
s u b s e q u e n t  t ra in ing  sess ions  were  not  used  in the  exper i -  
m e n t s  (usual ly 1-2 out  of  ten rats)  The  test  sess ion  was  
p e r f o r m e d  24--36 hr  a f te r  the last  t ra in ing  sess ion  Apomor -  
ph lne  or  vehic le  was  re jected SC in the neck  l0 mln pr ior  to 
the  tes t  The  a m o u n t  of  t~me (sec) spen t  walking on  the  
t readmi l l  before  fa lhng off, dur ing  the 300-sec tes t  sess ion  
was  r eco rded  

A p o m o r p h l n e  H C I ×  ~/2 H 20  (Sandoz  A G , Basel ,  Swit- 
ze r land)  was  d i sso lved  in 0 9% NaCI  wi th  a few gra ins  of  
a scorb lc  acid ( - 0  1% of  final vo lume)  to p r e v e n t  ox ida t ion  
A p o m o r p h l n e  or  the vehic le  was  admin i s t e r ed  SC m the  
neck ,  in a vo lume  of  2 ml/kg 

Sta t is t ica l  t r e a t m e n t  of  the  expe r i m en t a l  da ta  was  car r ied  
ou t  by means  o f  one -way  analys is  o f  va r iance  fol lowed by 

T A B L E  1 
E F F E C T  OF A P O M O R P H I N E  ON PAIN S E N S I T I V I T Y  

Apomorphme 
(/xg/kg, SC) Threshold current (mA) n 

0 (Vehicle) 0 15 _+ 0 006 6 
125 0 14 _+ 0013 7 
100 0 12 _+ 0008 7 

Rats were given apomorphlne (12 5 or 100/xg/kg, SC) or vehicle 
Ten mln later they were Individually placed into the conflict test 
chambers Electrical shock of step-wise Increasing intensity was 
then dehvered through the grid floor until an indication (jerk/lump or 
similar) of perceived pain was observed (for further details, see the 
Method section) Shown is the mean (_+S E M ) threshold current 
(mA) reqmred to obta,n an observable reaction in the animals 
Statistics One-way ANOVA F(2,17)=2 478, no slgmficant differ- 
ence between treatment groups (p>0 05) 

t - tes t  Probabi l i t ies  of  less than  5% were  cons ide red  signifi- 
can t  

R E S U L T S  

As s h o w n  in Fig l ,  a p o m o r p h l n e  exer ted  a dose-  
d e p e n d e n t  ant iconf l ic t  effect  in the modif ied  Vogel confl ict  
pa rad igm The  max imal  antlconfl lCt effect  was found at 12 5 
t tg/kg (230% of  con t ro l  r e spond ing)  and  the minimal  effect ive 
dose  ( p < 0  01) was 6 25 /zg /kg  H o w e v e r ,  the dose - r e sponse  
cu rve  was  b lphas lc ,  inverse ly  U- shaped ,  wi th  a dec reased  
n u m b e r  of  accep ted  shocks  af ter  h igher  doses  of  apomor-  
ph lne  (>25  /zg/kg) The  h ighes t  dose  tes ted ,  100 ~g/kg,  re- 
duced  the  n u m b e r  of  shocks /10  mln signif icant ly be low con-  
trol levels  ( p < 0  05) 

In separa te  e x p e r i m e n t s  it was  shown  that  the th resho ld  
for  reac t ing  to e lectr ic  shock  was  una l t e red  by 12 5, while 
s o m e w h a t ,  t hough  non-s igni f icant ly  q~<0 1), dec rea sed  by 
100/xg/kg (SC) of  a p o m o r p h l n e  (Table  I) The  2 h r -mtake  of  
5 5% glucose  solut ion af te r  48 hr  of  wa te r  depr iva t ion  was 
not  modif ied  ( F ( 2 , 1 7 ) - 0  418, N S ) by e i the r  dose  of  the 
drug  (vehic le  con t ro l s  22 5_+1 0 ml (mean+-S E M , n = 6 ) .  
a p o m o r p h m e  12 5 /xg/kg, SC 21 9+-0 8 ml (n=7) ,  apomor-  
ph lne  I00/zg/kg ,  SC 23 3+1 5 ml (n=7) )  L ikewise ,  as as- 
sessed  by ro ta rod  pe r fo rmance ,  the m o t o r  coord ina t ion  was 
unaf fec ted  by these  doses  of  a p o m o r p h l n e  (cont ro ls  300+-0 
sec,  n = 5 ,  a p o m o r p h l n e  12 5 /zg/kg, SC 300+-0 sec, n = 6 .  
a p o m o r p h m e  100/.tg/kg, SC 300+-0 sec,  n = 6 )  

D I S C U S S I O N  

The  p resen t  s tudy  shows  that  low doses  of  a p o m o r p h m e  
inc reased  the n u m b e r  of  shocks  taken  in the confl ict  model ,  
thus  indicat ing an anxio ly t lc  ac t ion  The  effect ive  doses  
c lose ly  agree  with a p rev ious  p r e h m m a r y  repor t  (Hys lop  et  
al  [25]) H o w e v e r ,  the  d o s e - r e s p o n s e  cu rve  was inverse ly  
U- shaped ,  with  the highest  dose  tr ied actual ly  reduc ing  the 
n u m b e r  of  a ccep t ed  shocks  to be low cont ro l  levels ,  possibly  
re la ted to an  inc rease  in pain sens i t iv i ty  ( v ide  m i r a )  

W h e n  admin i s t e r ed  in low doses ,  the DA agonlst  
a p o m o r p h m e  prefe ren t ia l ly  s t imula tes  cen t ra l  DA 
a u t o r e c e p t o r s - - t h e r e b y  reduc ing  the  act ivi ty  (cell firing, re- 
lease,  syn thes i s  and  t u rnove r )  In dopaminerg lc  n e u r o n s  (see 
[23]) Behav io ra l  c o n s e q u e n c e s  cons ide red  re la ted to an lm- 
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palrment of. m partacular the meso-hmblc/cortlcal. DA 
transmission are locomotor hypoactlvlty and suppression of 
exploration in experimental antmals [10.15] When given at 
high doses, apomorphme instead elicits locomotor hyperac- 
tivity and various stereotyped behaviors These behavaoral 
effects are thought associated with increased postsynaptlc 
DA-receptor stlmulataon m hmblc and strtatal parts of brain. 
respectavely (e g .  [13.14]) Interestingly. a striking corre- 
spondence is evadent when comparing the doses of apomor- 
phme inducing hypo (but not hyper-) motdlty (see. e g .  [18]) 
wtth those producing anta-confhct effects From the present 
data at as clearly not possible to Identify the exact 
neuroanatomacal locus where apomorphlne produces its 
anxlolytlc-hke actaon It as. however, tempting to speculate 
that thas actaon--hke the locomotor hypoactlvlty--lS 
mediated via an mhlbatlon of DA neuronal activity, tenta- 
tively in meso-cortlcal/hmblc pathways (~ tde m l l a )  

The posslbdaty that the anxlolytlc action of the ben- 
zodlazeplnes may an part be mediated by the dopammerglc 
system has been dascussed by. e g . Taylor et al [25] Thus 
the benzodlazepmes have been shown to reduce dopamlne 
turnover Furthermore. the increase an. particularly meso- 
cortical. DA turnover seen after, e g .  electrical foot-shock 
[19.26] can be antagonized by classacal anxlolytacs like 
dmzepam (reversed by a benzodtazeplne antagonist. [19]) 
and chlordmzepoxade, also at doses which per  se lack effect 
on DA turnover [7. 16. 21] In the anterpretatlon of these 
findings a benzodlazeplne-mduced promotion of GABAergac 
influences upon ventral tegmental (AI0) DA neurons (pro- 
jecting to. e g .  frontal cortex and nucleus accumbens) was 
specafically implicated (for further dascussaon see. e g .  [25]) 
The antaconflact action of apomorphlne may thus be consad- 
ered wathm thas context DA neurons projecting to prefrontal 
cortacal areas and actwated by footshock ([19] cf above) are 
claamed to lack synthesas- and nerve ampulse-modulatmg DA 
autoreceptors (e g . [2] but see [1.8]). but may possess ter- 
minal release-modulating DA autoreceptors [I. 12. 30] 
Thus. ff the anxaolytac-hke effect of apomorphme reflects an 
actaon at the level of these neurons at maght possably involve 
an autoreceptor-medtated reductaon of  the DA release 
Needless to say. these tentative explanataons remain to be 
verified 

Although stall an the "autoreceptor  range, the two hagh- 
est doses of apomorphme. 50 and 100 t~g/kg (SC). dad not 
release the drinking suppressaon maintained by electrical 
shock In fact. the latter dose reduced the number of shocks 
accepted below control level in the conflict situation How- 
ever. the present data demonstrate that. whale unaltered by 
12 5 /~g/kg (SC). the pare sensltwaty tends to be some- 
what enhanced by the 100 tzg/kg (SC) apomorphlne dose 
Thas as an agreement with Paalzow and Paalzow [20]. who 
showed a dose-dependent hyperalgesla (25-100 /xg/kg. SC) 
wath ED~, and maximum effects at 36 and 100/xg/kg. respec- 
twely, for apomorphme Higher doses (>400 /xg/kg. SC) 
were analgesic These investigators proposed DA autorecep- 
tor stimulataon as a tentatwe explanataon for the observed 
lowering of pain threshold In comparing the apomorphlne 
actaons a possable ratlonahzataon of the marked difference m 
maximum effectave doses may be that the actlvaty levels are 

different m dopamlnerglc systems involved m the control of 
conflict behavior and pain reactlvaty Regional varlataons m 
apparent DA autoreceptor sensatlvlty have also been claamed 
from both m-Vtl,O and m-vi t ro  studies (e g , [28,29]) In sum- 
mary, the apparent "pro-conflict ' effect of apomorphme 
might be related to a lowered pain threshold On the other 
hand. this hyperalgesac effect of apomorphlne as unhkely to 
be responsible for its anta-confllCt action m the present be- 
havioral paradigm, and may indeed even result m an under- 
estamataon of the latter effect 

It might be argued that apomorphme-lnduced alterations 
m drinking "motivation "~ or motor co-ordination are re- 
sponsable for its actaons in the conflict situation However,  
the 2 hr-lntake of 5 5% glucose solutaon after watea depriva- 
tion for 48 hr was not affected by the compound, thereby 
precluding the first alternative (cf also [4]) Samdarly, 
neather gross behavloural observations nor treadmill expera- 
ments disclosed any sign of ampaired motor functaon follow- 
ing eather dose of apomorphme (12 5 or 100/xg/kg, SC) As 
noted above, none of the apomorphme doses tested ehcated 
any hyperactavaty or stereotypaes (gross behavaoral observa- 
tions) Even though predomanantly autoreceptor active, the 
haghest dose (100 ~g/kg, SC) approaches the range where 
clearcut stimulation of postsynaptac DA receptors occurs 
(c f ,  e g ,  [18]) Thus, it cannot be entirely excluded that 
other behaviors competing wath the drinking (resulting m a 
decreased number of drlnkmg attempts and, thus, shocks 
taken) and/or an elevataon of serum cortacosterone levels [ 11 ] 
may, an addatlon to the hyperalgesac effect, contrabute to the 
confhct-promotlng action of this dose of apomorphme Al- 
ternatively, a more direct relation between potentaal 
postsynaptac DA receptor stlmulataon and the "'pro'~-confhct 
effect of apomorphlne could also be concewed 

As mentaoned m the lntroductaon, there is evadence that 
treatments aimed at attenuatang central dopammergac neuro- 
transmassaon can be beneficml m the management of certam 
states of anxiety, especmlly when seen in connectaon wath 
psychotac condataons such as schazophrenla Interestingly, m 
a recent double-blind study on schazophremcs, Ferner  et al 
[9] noted a slgmficant and specaflc antmnxaety effect of low- 
dose apomorphme m the acute, but not m the 
chromc psychotic condataon Reviewing the hterature, 
Taylor et al [25] suggested that dopamlne is implicated m 
the etaology and expressaon of anMety The present findings 
would appear consistent with thas proposal Furthermore, 
gwen the well-known sade-effect propensaty of classacal ben- 
zodmzeplnes and neuroleptacs (e g ,  ataxm and extrapyraml- 
dal dasturbances, respectively) the possabdaty of developing 
new DA-modulatlng compounds wath hagher anxaoselectwity 
may be raased 
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