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VAN DONGEN, P. A. M,, C. L. E, BROEKKAMP AND A, R. COOLS, LocHs c~ertdet~s asM s.bsta,~tia ~i~e~l 
im'oh,emellt in morphir behat;ior. BRAIN RES  BULL. 4(3) 307-31 I, 1979.--Cats pretreated with morphine t5 
rag&g, IP) received naloxone into the area of the locus coeruleus (LC) or the area of Ihe subslanlht nigra ~SN), The 
LCqreated animals stopped the morphine-induced stereotyped behavior and showed no/me/but hyperactive behavior. The 
SN-treated animals, however, ceased their movements of Ihe head ilnd the forelegs, adopted a rigid posture w~th extended 
forelegs a~d became hypoacdve It is concluded that both tile LC area, which oootMns nnr~ldrenerhle cell bodies, and lhe 
SN area. which contains dopamhlerhlc cell bodies, ale sites of action o[" morphine on behavior. 
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N U M E R O U S  investigations deal wilh the interaction be- 
tween morphine,  enkephalins,  end~3rphins and  the central 
catecholaminergic transmission. In rats,  for instance, 
morphine-induced analgesia, behavioral activation and ab- 
stinence appear to be influenced by drugs which afl~ct 
catecholaminerg~c transmission [5.6,  22, 23] or  by destruc- 
tion of  catecholaminergic structures 119,2 []. In cats,  manipu- 
lations o f  dopaminergic (DA) and noradrenergic (NEI 
transmission influence morphine-induced behavioral symp- 
toms [7, 8, 9, 10]. Although both noradrenergic and 
dopaminerglc terminal s t~c tu re s  contain mocphine-sensitive 
receptors, Ideal administration of  morphine in /he terminal 
areas investigated does not ,affect open field behavior [8,9~. 
Morphine intracerebrally injected into Ib-~ pontine area of 
NE~cells, the  locus eoenlleus (LC), decreases sell'- 
stlmulation behavior [4]. Moreover, morphhle  intra- 
cerebrally injected into the mesencephalic area of DA:eefls, 
the  substantia nigra (SN), causes an increase i n  self- 
stimulation behavior and in dyskinetlc leg movements  [3,4], 
The  present study a t tempts  to elucidate whether  ~norphine- 
receptors in the  areas of  the LC and SN play a role l a t h e  
behavior elicit ed by systemic administration o f  morphlne.  As 
morphine-receptors can be antagonized by naloxolte, the ef- 
fects of  naloxone locally injected either into the I-;C o r  int0 
the SN on  morphine-induced behavior are investl iated. ' 

METHOD 

The methods  have been extensively described i!lsewhefe 
[7, 8, 26]. Under  pentobarbilal (30 r~lg&g, IP, Neml~utal~) OS 
halothane (0 .~0 .8% in O~fN~O; I/2) anaestbesia;  two eanz: 
nulas directed to the LC (Horsley-Clarke coordinates P 2k5; 
L 2.0, H -2 .0)  or  two eannulas directed to  the  SN 
(Horsley-Clarke coordinates A 5.5, L 3.5, H -5.0) i f fere  im- 
planted in 30 adult eats o f  bo th  sexes. After a 14 day  recov~ 

ery from the operation, the animals received an hura- 
peritoneal injection of  morphine (5 mg/kg I and Ihelr behav- 
ior was observed via a closed TV-clrcult. For ty  min after  the 
injection of  morphine,  the animals received a micro-in- 
ject ion of  halo• (0.8, 2.0, 5.0 or  10.g ~g  in 0 5  #1 saline) 
or its solvent in the area of  tile LC or  the SN. The most  
conspicuous changes after the injection of  mdoxone were 
quantified by count ing ~he affecte~l behavioral categories; 
head movements ,  leg movements  and stereotyped turtrings, 
i.e. turnings about  the hlndlimbs or  circling throughout  the 
cage which are repeated in a rigid way. For stalisbcal 
analyses,  the number  of  movemenls  and of  stereotyped Itu'n- 
lags were counted per  minule  during lg rain immediately 
before and 10 rain immediately after the intracerebral injec- 
tions. This resulled in two t ime series for each cat, which 
were, in addition, averaged for each tesl-group. Both com- 
parisons of  the post-injectlon t ime series with the prelnjec- 
tlon t ime series (unpaired, Mann-Whl tney  U) and compari- 
sons o f  the postinjection t ime series of  control groups with 
those of  the treated groups (time, paired, Wilcoxon) were 
made. Interlrialdnterwd varied from 2 days (SN experi- 
men t s )  rp 7 days (LC experiments}, when the animals re- 
ceived more than one  injection o f  morphine.  Except for an 
increase in salivation and a decrease ill defecation and vomit- 
ing, no signs of  tolerance o r  abstinence could be demon- 
strafed for this dose and schedule o f  injections. After the 
exper iments , /he  eats received a 0 overdose of  pentobal bital, 
were trahseardially perfused and the injection sites were lo- 
calized as described previously 126]. The  areas of  
cateeholamlne CA -containing cell bodies were demarcated 
according Io MacOn et aL [14] and Poitras and Parent 118]. 
The  area of the NE-ceHs extends  from the LC to structures 
ventrolaleral to this nucleus around the brachium con- 
junet ivum,  and overlaps the nucleus pontis eentralis 
caudalis. O the r  s tructures were demarcated according to 
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B e r m a n  I II and  Tabe r  [251. Since  {t m a y  be  assumed Ihat  the  
d rug  spreads aboul  one  m m  from the  in jec t ion site, si tes 
ins ide  an  an~tomlca l ly  demarca t ed  s t ruc ture  and at a dis- 
tance  of  less than one  m m  a re  lumped  together .  The  fol low- 
ing d rugs  w e r e  used:  na loxone-HCI  r of  Endo  Labora-  
tories)  and  morph ine -HCl  ( " D e  onde r i inge  pha rmaceu t i sche  
g r o o t h a n d e r ' ) .  Al l  doses r e f e r  to the  sal ts .  

RESULTS 

h~jectimls hz the Area ld'the LC 

Si tes  of  in jec t ion  a imed  at the  LC w e r e  located  in the  
N E - a r e a ,  the  nucle i  pont is  cen t ra les  ora l i s  and  eaudal i s ,  the  
nucleus  la terodorsal is  t egment i ,  the  cen t ra l  gray and  in and 
ad jacen t  to the  four th  vent r ic le .  As  bra in  d a m a g e  a round  the  
site of  in jec t ion was  observed in one  ca t .  the da ta  o f  tbls 
an ima l  w e r e  discarded.  

Gt'llertd Bt'htmiorzl] Obse/i,t/liotls 

Mo17~hine-imhwed behavh.'. Afte r  t h e  in l r ape r i tonea l  in- 
j e e l i o n  of  morphine ,  t he  an ima l s  showed the  behav iora l  se- 
quences  charne ter i s t ic  for morph ine - t r ea t ed  cats  (ef. [7, 8,  
281). Thi r ty  In s ix ty  mln af ter  the  in jec t ion  of  morphine ,  the  
cats  showed morph lne - induced  repe t i t ive  m o v e m e n l s  [71. 
These  m o v e m e n l s  w e r e  poorly coord ina ted  ~md consisted of  
repeated  sequences  of  d is in tegra led  behav io r .  Morph ine-  
t rea ted  cats  w e r e  hyperac l ive ,  as expressed  by the high fre-  
quency  of head and body m o v e m e n t s  {8J. Be tween  30 and 40 
minu tes ,  t he  m e a n  n u m b e r  of  s t e reo lyped  ro~alions per rain 
was  2.83 (n=91) ;  dur ing  this  t ime  a smal l ,  but not s ignif icant  
t endency  for tin increase  in the  f i 'equency of  s tereotyped 
turnings  was  found (F r i edman  two-way  ana lys i s  of var iance ,  
XZlt-7,5, t t /=7 ,  O.30<p<0.50) .  T h e  reac t ion  to different  sen- 
sory st imtdi w a s  inadequate :  ca ts  of ten  appeared  to t rack 
objects  v isual ly  wh ich  w e r e  nol p resen t ,  or they bumped  
~gar the  wal l s ;  they e i ther  reacted  not lit all [o audi tory  
s t imul i  or they  showed an exaggera ted  s t a r0e  response  in- 
s tead o f  an  o r ien ta t ion  react ion.  M o r e o v e r .  the  cats  of ten  
dirt ied thei r  fur  wi th  feces or vomi t  w h e n  m o l p h i n e  caused 
defecnt ion or  vomi l ing .  

So/hie. Sal ine  i t se l f  (0,5 Fzl, n = g )  produced an increase  in 
the  n u m b e r  of  s te reo typed  turnings  (Fig. IA, compared wi th  
ple-iz~ieclion l eve lp<O.01 ,  M a n n - W l d t n e y  U). A compar ison 
o f  pre- ln jec t ion  wi th  post- inject ion levels  per  an imal  resul ted  
in a s ta t is t ical ly  s ignif icanl  increase  in 3 out of 9 tests:  these  
an ima l s  showed an  intensif ied morph ine - induced  behavior .  
(A comparab le  increase  in ac t iv i ty  was  also noted after  in- 
j ec t ions  of sa l ine  in the  a rea  of the  S N ,  Fig. ] B). 

Nzdowme. Within  a few minutes  a f i e r  an  un i l a l end  or 
b i la tera l  micro in jec t ion  o1" na loxone  in to  the  dorsola lera l  
pont iac  t e g m e n t u m  the  fo l lowing  effect  was  found,  depend-  
ing  on dose and  in jec t ion site (see below):  the  cats  stopped 
the i r  morph ine4nduced  behav io r  (Fig.  IA).  The  n u m b e r  of  
morph ine- induced  s te reo typed  tu rn ings  decreased signifi- 
c a n d y  both compared  to pre- in jec t lon levels  and In sa l ine  
t rea ted  controls  (Fig. IA).  Ins tead o f  the  morphine- induced  
s te reo typed  n lovemenl s ,  t he  cats  walked ,  sniffed, explored,  
ro l led ,  sha rpened  the i r  nai ls ,  g roomed,  scratched thei r  
heads ,  s t re tched,  m a d e  smoo the r  head movemen t s ,  did not 
show the  exaggera ted  s tar t le  response  nor  dir t ied the i r  fu r  
wi th  feces or  vomi t  a n y  more .  T h e  cats  r ema ined  hyperae-  
l ive :  no  change  in the  n u m b e r  of  h e a d  and  leg m o v e m e n t s  
w a s  observed  and normal  inac t ive  behav io r  l ike  ly ing  or  
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FIG. I. Effects of naloxone injecled in the area of the LC and the SN 
on morphine-induced slereolyped lurnings and leg movements. A. 
Number of stereolyped turning (mean and slandard error of the 
mean) following injections in Ihe dorsolaleral pond ne tegme ntum. B. 
Number of leg movements (mean and standard error of the mean) 
following itljections in the SN a rea  Comparison with pre-injection 
level: ~,lann-Whitney U; comparison with saline-treated controls 
lind with 2 #g natoxone: WHcoxon, (The pre-injection levels are lhe 
mean values of ag the [.C- and SN-experiments respectively.) 

s ieep lng  was  absent  thl  the end o f  the  o b s e ~ a t i o n .  Af te r  an  
e f fec t ive  in jec t ion,  the  dec rease  in t he  morph ine - induced  be- 
h a v i o r  in  each  indlvldua[  ca t  was  g rea te r  than  suggested  by 
the  mean  values  (Fig.  IA).  s ince  a t  eve ry  dose  of  na loxone  
inef fec t ive  in jec t ions  occur red  (see below):  in fact,  t he  
s l e reo typed  m o v e m e n t s  p e l  a n i m a l  d isappeared c om ple l e ly  
or  a lmost  comgie t e ly  for 2 Io 20 minutes .  Morph ine - lnduced  
effects which  r e m a i n e d  unaf fec ted  fo l lowing  an  o t h e r w i s e  
e f fec t ive  inject ion o f  na loxone  n e a r  the  LC were :  mydr las i s ,  
res t less  m o v e m e n t s  of  the  forelegs ,  sa l iva t ion,  the  c rouched  
back.  and  the  posture of  the  bindIimbs charac ter i s t ic  for def- 
eca t ion  (i .e.  f lexion in  the  h ip  and k n e e  and ex tens ion  in the  
heel) .  The  na loxonednduced  ef fec t  faded a w a y  af ter  seve ra l  
minu tes  ~TabIe 2) and  the  p rev ious ly  shown s te reo typed  pat- 
t e rns  reappeared .  T h e  in tens i ty  of  the  na loxone- induced  
par t ia l  an t agon i sm o f  the  morph ine - induced  behav io r  va r i ed  
wi th  the  ind iv idual  cats  ranging  from smoother ,  more  
o r i en ted  head  m o v e m e n t s  to a dec rease  in s te reo typed  
m o v e m e n t s  and no rma l i zed  ac t ive  behavior .  



LC,  SN,  M O R P H I N E  A N D  B E H A V I O R  

T A B L E  I 
DISqRIBU'rlON OF EFFECTIVE AND INEFFECTIVE SITES OF INJECFION FOR NALOXONE-INDUCED PARTIAL 
ANTAGONISM OF THE MORPHINE-INDUCED B~HAVIOR AFTF.R AN UNILATERAL INJECTION OF" 2 gG OF 
NALOXONE. SINCE SITES AT n DISTANCE OF LESS ]lqAN I MM ARE INCLUDED ISEE METHODS) "IHE SUM OF 

SITES IN DIFFERENT AREAS EXCEEDS THE TOTAL NUMBER 

N.mber  of Ntlmber of N, RaPon or N, and 
effeeOve sites ineffecbve sites ~nllll re,tuber of 

N,,+N~ effeePve s~tes 
IN3  (Nd (%~ (%~ 

lburlh ventricle 3 7 31) 21 
NE-a~a  12 ~9 39 86 
n, pones cenlraHs eatlda)is (PCC) 8* 9 ,17" 57* 
n. pomis centrnlis oralis (PCO) 6" Ig 25" 43* 
n. luterodorsalis tegmemi t [ I 9 7 

t'olaI 14 34 29 10o 

*effective sites in tile PCC and PCO were mainly found in and near die N E-area (PCC: 7 tint of 8: PCO: 5 ilut of 6/ 

T A B L E  2 
LATENCY AND DURATION OF NALOXONE-INDUCED 

BEHAVIORAL EFFECTS. INDICATED ARE THE MEAN VALUES 
AND BETWEgN BRACKEIS THE RANGE 

Injectlons in Ihe LC Injections in the SN 
Partial norn]alielnlon Behavioral inaclivallon 

of the behavior 
Dose Latency Dunuion Latency l)tma0oa 

2,0 #g 1,2 5,0 1,7 > 15 
(0-7 o~ ~2.6-8,0~ /G-5.01 

5.0/zig 0 6.3 1.0 > 15 
(o~ (2,5-8.81 (0-5,01 

lO,O .ug 1.6 21.2" 3,0 ~15 
(0~4,21 (14,3-31.31 (0-15.01 

*p<o.ool, Mann-Whilncy U. 

In conclus ion,  na loxone  par t ia l ly  an tagon ized  the  
morph ine - induced  d i s tu rbance  of  behav io r .  

Dose.Res71anse Relatioaship 

The  mdoxone- induced  effecl  was  reproduc ib le  per  ca t :  a 
second in jec t ion in a p rev ious ly  e f fec t ive  si te  was  a lways  
e f fec t ive  (n=5) ,  w h i l e  a second in jec t ion in  an  inef fec t ive  sfle 
neve r  was  (n=lO) .  T h e  na loxone- lnduced  ef fec t  was  dose-  
dependent :  a t  doses  o f  5 t tg  (n=6)  and  10 ~ g  (n=13)  
na loxone ,  the  in tens i ty  (Fig.  1A) and  the  dura t ion  (Table  2) 
increased  s lgni f icant ly  compared  wi th  the  dose  o f  2 / t g  (in- 
terlsi ty:  p<0 .001  and  p<.0.01 for 5 and  10 ttg, r e spec t ive ly ,  
Wflcoxon;  dura t ion :  p<0.O01 for 10/zg.  M a n n - W h i t n e y  U); 
moreove r ,  more  sites o f  in jec t ion  b e c a m e  effec t ive .  B i l a te ra l  
in jec t ions  w e r e  more  ef fec t ive:  a t  a dose  of  O.8 / tg  (2x) a 
s ta t l s t lca l ly  s igni f icant  dec rease  in  the  number '  of  
s t e reo typed  tu rn ings  was  observed  in 4G% of  the  cases 
( n =  15), wh i l e  only  29% of  the  cases w e r e  e f fec t ive  af ter  
un i la te ra l  in jec t ions  o f  2 gtg (n=48) .  B i l a te ra l  in jec t ions  o f  0.8 
/zg caused  a decrease  of  the  n u m b e r  of  s t e reo typed  tu rn ings  
to  33% of  the  n u m b e r  found in  the  sa l ine- t rea ted  controls  
(compared  with pre- in jec t ion  levels  p < 0 . 0 5 ,  M a n n - W h i t n e y  

U ;  compared  with sa l ine- f fea ted  controls  p < 0 . 0 0 1 ,  Wilcox 
on),  wh i l e  an  un i lmera l  in jec t ion of  2 ,~g caused only  a 
decrease  to 71~ No effect on  Ihe behav io r  was  cHused by 
n a l o x o n e  (2 p.g) in jec led  in non -morpb in i zed  ellis ( n =  13). 

Locah'zatgm 

T h e  d is t r ibu t ion  of  Ihe ef fec t ive  in jec t ion sites is indica ted  
in Tab le  1. In and  n e a r  Ibe N E-area 12 out  o f  ihe  14 ef lbct ive 
sites w e r e  found. In addi t ion  the  nuc leus  cent ra l l s  caut la l i s  
(PCC), which  par t ly  overblps  the  N E - a r e a ,  con ta ins  8 ef lbe-  
t i r e  s i tes .  In contras t ,  the  nucleus  la terodorsa l is  con la ins  the 
slll tdlest a m o u n t  of  ef fec t ive  sites. 

fitjections i~t the Area d~ the SN 

Generul behaviorol observations. N a l o x o n e  b i la te ra l ly  in- 
j ec t ed  ( 2 •  ~r at  e f fec t ive  sites in the u rea  of  the  SN o f  
morph ine - t r ea t ed  ca ts  (n=7)  made  these  an ima l s  hypoaetive. 
T h e  nu l l lbe r  of  s te reo typed  m o v e m e n l s ,  head  n%ovetllents. 
and leg  m o v e m e n t s  dec leased  s igni l icanf iy  compmed  with 
pre in jec l ion  levels  (p<0 .05 ,  M a n n - W h i m e y  U) and wi th  
sa l ine- t rea ted  controls  fp<O.O01. Wilcoxon,  Fig. 1B). Af ter  
e f fec t ive  in jec t ions  o f  na loxone ,  Ihe a n im a l s  silt wi ld  lhe  
upper  part  o f  Ihe body upr ight  and  l h e  lbre legs  emended .  
The  morph ine - induced  c rouched  back,  t i le  h lndl imbs  in the  
pos lure  charac ter i s t ic  for defecat ion,  mydr ias i s  and sal iva-  
t ion r e m a i n e d  l lnaffec led  by o the rwise  ef fec t ive  in jec t ions  of  
na loxone .  Th i s  effect  was  dose -dependen t  Wig. IB).  A t  a 
dose  o f  2 v.g, in 3 out o f  7 cats  a decrease  in the  a e t N i t y  was  
observed;  a t  a dose  of 10 p.g. 5 out  of  7 ca ts  became  hypoac-  
t i r e .  N a t o x o n e  in jec ted  n e a r  the  SN of  morph ine - t r ea ted  cats  
made  these  an lma l s  hypoaef ive ,  in cont ras t  to micro-  
in jec t ions  nea r  the  LC.  af ter  which  the  an ima l s  r emained  
hyperac t ive ,  So,  the effects e l ic i ted f rom both  areas  w e r e  
essen t ia l ly  d i f fe ren t ,  a l though  the  n u m b e r  o f  s te reo typed  
m o v e m e n t s  decreased  af ter  ef fec l ive  in jec t ions  of  nalo•  
in both  areas .  

Localtzathm 

T h e  ef fec t ive  sites o f  in jec t ion w e r e  located  in the  ven-  
t romed ia l  par t  of  the  SN pars compacta ,  in the  ven t ra l  teE- 
men ta l  a r e a  (VTA)  and  j u s t  ven t ra l  In Ihe SN.  O f  the 2 inef- 
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feclive sites o f  injection, one was located in the SN pars 
compacts  and one rostrodorsally in the tegmental fields o f  
Foreh 

DISCUSSION 

The Area  o f  the Pomine  NE-CeIIs  

Naloxone injected into the dorsolateral ponfine legmen- 
turn of  morphine-treated cats partially antagonized the 
morphine-induced disturbance of  the behavior in a number  
o f  cats. Although only a limited number  of  sites localized 
within the same anatomically demarcated area was effective 
(Table l), the effect was reproducible per  site and a clear 
clusler of effec!ive sites was found. The  cells involved in the 
naloxone-induced partial normalization of  the behavior may  
be the NE-cells or  the noa-eatecholaminergic cells of  the 
nucleus pontis centralis caudalis (PCC), intermingled with 
lhe former ceils and situated ventrally to the LC and the 
subcoeruleus area (SC). The present  study permits no defi- 
nite conclusion regarding the group of  cells involved but 86% 
of  1he effective sites were located in and near  the NE-area 
(Fable I). This clearly suggests  that thls area is the most  
effective structure. So, it can be tentatively concluded that 
the NE-eelIs mediate the effeel observed. This conclusion is 
s t rengthened by Ihe following data: (a) oplam receplor bind- 
ins is very high in the LC and much lower in Ihe more ventral 
PCC [17L and (b) in the dorsolateral pontlne t e g m e n t u m , / h e  
morphine-sensitive cells are mainly confined to the LC 
12.291. The  leehnique used.  however, does not allow us to 
decide wllether the naloxone-induced effect is due to actions 
of  naloxone on the SC cells or the dorsal or  yen/rid part of  
the LC. 

1,1 rats, morphine causes a decrease in the ongoing activ- 
ity o f  the LC-edls  (2.29j, which can he antagonized by 
naloxone+ Accordingly. the naloxone-induced effects can he  
ascribed to the restorallon of  the activity of  the NE-cells in 
morphine-trea~ed cats slid thereby Io the  restoration o f  the 
activity of  NE-tcrmimds over almost the whole central ner- 
vons system. This is in agreement wilh the obselvation that 
an injeclion of  NE illlO a single LC terminal area also inter- 
rupts the morphine-lnduced slereotyped movements  [81. As 
in Ibis study all NE-terminal areas were influenced, it is nol 
suYprisblg dial naloxone injected in the area of  the pont]he 
N E-cegs caused a more generalized behavioral e ffecll parlial 
nornIalizution of  Ihe behavior. 

The A r e a  ~/" the MeseJweptml ic  / )A-ce l l s  

Nn]oxone injected in the area of  the meseneephalic D A -  
cells of  mnrphine-tre~lted cats ended the morphlne-induced 
hypelactivlty of  these animals and, instead, made the cats 
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hypoaetive. The  activity of the dopaminergic SN-eells is in- 
creased by morphine;  this effecl can be antagonized by  
naloxone Il l ,15].  So,  it is reasonable to  assume that 
naloxone injected in the area o f  the mesencephalie DA-eelIs 
diminished the DA-release in the caudate  nucleus and other  
D A  terminal areas. Indeed, the act iv i ty  of  morphine-treated 
cats is also modified by DA-ageats  injected ia particular 
parts  of the caudate  nucleus [9]. Although the present s tudy 
indicates the involvement of  mesencepha)ic DA-cegs,  it does 
not permit conclusions regarding the involvement o f  the par- 
tieular group of  ceils: the SN pars compacts  tAP) or the VTA 
(AIO). 

NLk and  DA-cel ls  in Mmphine-h+duced Behavior  

These resulls partly parallel the effects of  m o ~ h l n ~  
agonists in the NE- and DA-areas on behavior o f  the cat and 
rat ]3,41. Naloxone in and near  the pomlne N E  area of  
morphine-treated cats normalized the behavior,  while the 
animals remained hyperactive; conversely, morRhine 
agonists in ~nd near  the NE-area  of  r~ts and cats elicit 
hypoaetivity in self-stimulation and exploration tes t  situa- 
tions respectively [4,27]. Na[oxone injected in and near  the 
mesencephalie DA-areas o f  morphineqreated cats makes 
them hypoactive and decreased the number  o f  morphine- 
induced abnormal leg movements ;  conversely, morphine in 
and near  the mesencephalic DA-area of  rats and cats makes  
them hyperactlve and increased the frequency o f  dyskinetic 
leg movements  in the self-stlmulatlon and open field test  
situation respec t i ve ly  I3,4L 

As discussed above, the morphine- induced s t e reo t yped  
behavior could be interrupted by res todng the activity of  the 
NE-eeils or  by diminishing the stimulation of  DA-receptors 
in the eaudate  nucleus,  either by injection of DA antagonists  
in parts of  the caudate  nucleus [9] or  by  injection of  mor+ 
phine antagonists  in and near tl~e DA-ceg bodies. Yet,  
microinjections of  morphine agonists neither in the area o f  
the pontlne NE-cells (4+27] nor  ia the area of the mesence- 
phallc DA-ceIIs 13,41 nor  in the caudate  nucleus (el. [91) alone 
induces stereotyped behavior. On the basis o f  the present  
data+ it becomes attractive to suggest that  morphine-induced 
behavior requires a s imultaneous action or, morphine recep- 
tors in the areas of  the pontlne NE-eel/s and mesencephalic 
DA-ceHs. 

ACK NOWLEDGE~,f ENTS 

This research was supported by grant G 2-006.270 from the Uni- 
versity of'Nijmegen for the advancement of pure research. We thank 
Mrs. Roelie de Boer-van Huizen for her excellent histological.assist- 
ance and Endo Laboratories for rite generous gift of naloxone. 

REFERENCES 

1+ Belman, A L, 77re grab+ Stem o f  CaL A C3toarchi:ectonic 4. Broekkamp, C. L. E., l .  H. van den gog.~ert, FL J, Heijnen, R, 
Atlas with StcteotaMc Coordbmte,~. Milwaukee: Oniversily of H. Rops, A. R. C ~ l s  and J+ M. van gossum. Sep~t ion  of 
Wisconsin Press, 1968. inhibhing and stimulating effects of morphine on sr 

2, Bird. S. f+ and M. J, Kuhar. IontophoreliC application ofoplales stimulation behaviour by intrdce~br~l mieroinjeetions. Eur, J+ 
IO the Iqcns coemleus, grain Re,,, 122: 523-544. 1977, Phar/gac, 36: ,L43~M6. 19"/6. 

3, Br~kkamp, C. L. E Tile Modulodon ofRewanllng Systemsin 5, Cumuli, B, J+ and P. T. Sharp. Monoamine mediation of lhe 
dw tb  hind gr ~i~ b" A t I,ge - i e, Morphb+e a+Ed Apoazo~ morphine-inducfd activation in mice. l~r. J,  Pharmac. 46:124- 
phbw. Thesis. Univcrsiw of N{jmegen The Netherlands {976 139, i972. 



LC, SN, MORPHINE AND B E H A V I O R  

6. Cicero, T, J., E. R. Meyer and B. R. SmirhlofE Alpha adrener- 
gle blocking agents: Antinocleeptive activity and enhancement 
of morphin~indueed analgcsla. J, Pha~mac. e.vp, The~,, 189: 
72~82, 1974. 

7, Cools. A. R., H,-J. ]anssell and C. L. E. Eloekkamp, The 
differential role of the caudaIe ntlCleus and the linear ~phe nu- 
cleus in the initiation and maintenance of morphine-lnduced be- 
haviour in cats. Aiwhs it~t. Pgurmac~lyn, 210: 163-174, 1974. 

8. Cools. A. R., C. L. E, Rmekkamp. L C. M, Gieles, A. Megens 
and H. J, G. M. Mortiaux. Silo of action of development of 
partial tolerance to morphine in cats P~'ychoneuroeadocrino# 
g,  2 7-33. 977 

9. Cools, A. R,. L. C. M. Gieles, M.-J. Janssen and A. A, P. H. 
Megens. Morphine and its biphasic influence upon phar- 
macologically distinct dopaminergic systems within the feline 
eaudate nucleus: a behavioral study. Eur. J. Phurmac, 48: 
67-86, 1978. 

I0, Dhasmana, K. M.. K. S. Dixit, B. P./aju and M. L. Gupta. Role 
of central dopaminergic receplors in manic responses of eal s IO 
morphine. Psycftopharmacoh~gkl 24: 38[2-383, 1972. 

1 ]. lwatsubo, K. Effect of molphine and haloperidol on single cell 
activity of nlgroslria~al neurons. Jap, J. Ph.r,,u,c. Z6: 17P 
1976. 

12. Jaeobs. B L,, M, E, TruEon and W. C. Stem. Rehavloml eft~c~ 
of LSD in the ca~: proposal of an animal inodel of szudy/ng Ibe 
action of hallucinogenic drugs. B~ahl Res. 132: 301-314. 1977. 

13, Korf, J.. B. S, Eunney and G. K, Aghajaniam Noradrenergie 
neurons: Morphine inhibition of spontaneous activity. E m  d. 
Pftarmac. 25: 165~169, 1974. 

14. Maeda. T.. C. Pin, El. Sa[ver[, M, L/gier and M. Jouvet. Los 
neurones contetmnt des catecholanlines du tegmentum pontlque 
et leur voie~ de projection chez le chat. B,.aiu Reg. 57:119-152, 
1973, 

15. Mason, S. T and S, D. lversem Reward, allention anti Ibe 
dorsal noradrenergic bundle. Brain lCe.~, 150: 135-148, 1978. 

16. Nowyeky, M C., J, R. Wafters and R. H Roth, Dopaminergle 
neurolls: Effect of acute and chronic morphine administmlion 
on single cell activity and transmitter mmabolism. J. netoal 
7)'arts. 42: 99-116, 1978. 

17; Pert, C. B.. M. J. Kuhar and S. H. Snyder. Opiate ~ceptor: 
autoradiographic Iocalizaiion in rat brain. I'roc. hath. Acad, 
SoL U.S,A. 73: 3729-3733, 1076. 

18. Poim~s, D. and A. Parent. Atlas of" die distribution of 
m0noamine-cont aining nerve cell bodies in the brain stem of the 
eat, J. camp, Neurol, 179: 699-719. 1978, 

19. Price, M'. T. C. and H. C. Fibiger. Ascending catecbolamine 
systems and morphine anaigesla. Brain Res. 99: Ig9-193. 1975 

20. Roberts, D. C+ S., M. T. C. Price and H. C. Fibiger. The dorsal 
tegmental noradrenergie projection: An analysis of its role in 
maze learning. J. comp. phy.~iok Paychol. 90: 363-372. 1976. 

2t. Sasa, ~ . ,  K. Muneklyo, Y Osumi and S. T~kaori. A ttenualiOn 
of morphine nnulgesla in rats wilh lesions of lhe locus cnemleus 
and dorsal raphe nucleus. Eur. J. P/lg/,u~.c. 42: 53-62. 1977. 

22, ScbeeI-Krdger, J. Apomorphine-morphine: biochemical and 
pharmacological aspecls on Ihe present Slallls of knowledge 
with special consideration of Ihese two  drugs, I n: MuhJ)~/e lh.~tg 
Depem&m'e at~d Ah:oholism ,,'till Apomo~philte, edited by H. 
Boil  Hamburg: 1976. pp. 93-121 

23. Schulz, It. and A. fIe'rz. Naloxone precipitated withdrawal re 
veals sensitization to nearotl'ansmftters in morphine toler- 
ant/dependent rats. Naulo.n-Schm~edebepg's Arch e~7*, Palh. 
Pga~Tnak. 299: 95-99, 1977. 

24. S ater P. and C. B tlode . The eft~c of 6-hvdroxydop tin ne on 
the antinocieeptive action of morphine, El r J. Phapnlr 48: 
237-248, 1978. 

25. Tabor, E, The cytoarchiteclum of the brain stem of the cat. b 
Brain slem noclel of cat. J, colltp, Neto'oL 116: 27-69, 196i, 

26. Van Dongen, P, A. M.. C L. E. Bl~ekkamp and A. R, Cools. 
Atonia after carbaehol n2iololnjectiolls neat tile locus coeluteuz 
in cats. Pg~H'm.C Biochem. Beba,,. 8: 527-532, 1978 

27. Van Dongen, P, A. M, and A. R. Cools Mieloil~jecdons of 
opiate agonists al]d antagonists in the area of the locus coeluJeus 
in ca{s, Effects on behavior. In: Ca(ecltalam.w~, Ba~/t and 
Cftni~al FrouRenv, edRed by E. Osdin. New York: Pergamon 
Press, 1979. in press. 

2g, Wikler. A, Studies on the action of morphine oil the Cellll'ld 
nervous system of the cat, J. I'hrlrmdc. r 77ter. 811:176 187, 
1944. 

29. Young, W. S, El. S, J, Rhd and M. f. Kuhar, Ionmphoresls of 
methionin-enPaphalln hi ~he locus eoeruleus a lga  Braitt Res. 
129: 36(~37~, 1977. 


