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VASAR, E , M MAIMETS, A NURK, A SOOSAAR AND L ALLIKMETS Comparison of motor depressant effects 
of c aerulem and N-propylnorapomorphme m rmce PHARMACOL BIOCHEM BEHAV 24(3) 469-478, 1986 --The motor 
depressant effects of caerulem and N-propylnorapomorphme (NPA) were compared in male mice Caerulem (1-50/zg/kg 
SC) m a dose dependent manner depressed the exploratory activity, whereas NPA m lower doses (0 5-10/zg/kg SC) 
decreased the motor activity, but m higher doses (over 50/~g/kg) had stimulating effect on the exploratory behavior In mice 
selected according to thetr motor response after admlmstrat~on of 100/~g/kg NPA to weak and strong responders, the low 
dose of NPA (1 tzg/kg) s~mdarly suppressed motor activity in both selected groups, wlule the effect of caeruleln (2/~g/kg) 
was apparently higher m weak responders Destruction of catecholammerglc terminals by 6-hydroxydopamlne (60/~g ICV) 
reversed completely the motor depressant effect of NPA, whereas degeneration of serotonlnerglc terminals (5,7-dlhydroxy- 
tryptamlne 60/zg ICV or p-chloroamphetamlne 2 × 15 mg/kg IP) enhanced the sedative effect of NPA The motor depressant 
effect of caerulem remained unchanged after lesions of monoammergtc terminals m forebraln Subchromc halopendol (0 25 
mg/kg IP, twice daily dunng 14 days) treatment, reducing significantly the density of hlgh-affimty dopamme2- and 
serotomn:receptors, decreased the motor depressant action of caeruleln It ~s possible that motor depressant effect of 
caerulem, differently from the action of NPA, is medmted through the high-affinity dopamlne2-receptors and in lesser 
extent through the high-affinity serotonln2-receptors 

Exploratory activity Caerulem N-propylnorapomorphme Dopamlne2-receptors Serotonln2-receptors 

THE suppression of spontaneous locomotor actwlty by low 
doses of apomorphme in rodents is a widely stud~ed behav- 
ioral phenomenon It is generally accepted that the sedatwe 
action of apomorphlne and its more powerful analog 
N-propylnorapomorphlne (NPA) is medmted through the 
stimulation of dopamlne "autoreceptors," inhibiting the 
dopammerglc neurons actw~ty [9, 10, 38, 45] This opinion is 
supported by various mvesUgatlons The subcutaneous ad- 
ministration of apomorphme in low doses mh~blted the finng 
rate of dopaminerglc neurons m mesencephalon [2], de- 
creased dopamme release and suppressed dopamine turn- 
over m forebraan structures [32,44] Les~on of dopammerglc 
termmals by 6-hydroxydopamlne and admmlstraUon of dif- 
ferent neuroleptlc drugs m low doses reversed the inhibiting 
action of apomorphine on behavior and dopaminerglc 
neurons activity [3, 42, 46] However, some recent investi- 
gations demonstrated a more comphcated nature of apomor- 
phme's actton m low and moderate doses It was found [16] 
that haloperldol and sulplnde reversed the sedative effect of 
moderate dose (150/zg/kg) of apomorphine, whereas the ac- 
tion of low dose (25/zg/kg) of apomorphme was resistant to 
the antagonizing action of neuroleptic drugs The compli- 
cated nature of apomorphme's action in low doses was de- 
scribed also in chronic schizophrenic paUents, evidently re- 
sistant to neuroleptlc medication. The reduction of sch~zo- 

phrenlc symptomatology was demonstrated in approx- 
imately 50% of patients, suffering mainly from paranoid 
schizophrenia [47,48] It was qmte surprising that apomor- 
phme possessed its beneficial activity when coadmmlstered 
with neuroleptlc drugs, but not alone [1, 21, 37] 

Obviously similar suppression of ammals' spontaneous 
behavior was found after systemic administration of 
cholecystoklnm octapeptlde (CCK-8) and caerulem m mice 
[56, 57, 58] CCK-8 and caerulem significantly potentiated 
apomorphme-mduced inhibition of dopammerglc neurons m 
mesencephalon [30] There is strict evidence that CCK and 
dopamlne coexist in some mesencephahc cells innervating 
forebram llmblc and cortical regions [31] In addition, CCK 
has been reported to decrease dopamme turnover in the d~s- 
crete regions of caudate-putamen [24] However, CCK also 
decreased serotonln turnover [51], whereas apomorphine 
had the opposite effect on serotonin metabohsm [26] Re- 
cently the rapid and long-lasting reduction of psychotic 
symptoms, mainly negative, m schizophremc patients after 
administration of different CCK-related peptldes was 
demonstrated [7, 39, 40] 

The main task of the present mvesngatlon was to compare 
the mechamsms of mh~bRmg action of apomorphlne and CCK 
on the animals' behavior The attention was drawn to the study 
of interaction of caerulein and NPA with dopamlne- and 
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serotomnerg~c mechantsms Caeruleln and N P A  were 
selected for the present  invest igat ion as the most  effect ive 
compounds  among,  respect ive ly .  CCK-8 and apomorphlne  
analogs [8 .55,  56] 

G E N E R A L  M E T H O D  

Ammals 

Male albino m~ce weighing 25---3 g were  used M~ce were  
maintained at 20+-2°C and on 12 hr hght,  be tween  8 a m and 
8 p m ,  with food and water  a l lowed ad lib 

Measurement o f  Spontaneous Loc omotor A(ttvtty 

Spontaneous  locomotor  act lvl ty  was measured  m grouped 
albino mice,  10 ammals  m each group,  be tween  10 a m and 4 
p m Immedmte ly  after sys temic  admlntstrat lon of  drugs a 
group of  m~ce was placed m the middle of  an open-field cage 
The open-field consis ted of  a 1 × 1 m area  surrounded by a 40 
cm h~gh wall The locomotor  act ivi ty o f a m m a l s  was counted  
by 5 mdependen t  photocel ls  located m walls Interrupt ions 
of  the hght beams were  recorded e lec t romechamcal ly  and 
the level  o f  locomotor  act ivi ty  was expressed in counts  per  
15 or  30 rain p e n o d  The exper iment  was repeated with each 
drug combmat ton  at least  three t~mes on different days and 
the data  analyzed using S tudent ' s  t- test  

Selectton oj ~ Mtce Ac cordmg to Thetr Motor Response to 
Admmtstratlon o f  NPA 

There  exists the posstbdlty of  select ing rats according to 
their  motor  response after 50/zg/kg N P A  t rea tment  [15] A 
slmdar a t tempt  was made for se lec tmn of  mice In the pres- 
ent  study the selecUon was per formed with subcutaneous  
administrat ion o f  100 p.g/kg N P A  in 400 male mtce The ex- 
per iment  was carr ied out in mdtvldual  cages The cage for 
measur ing individual locomotor  act ivi ty was a cyl inder  wtth 
an inner d iameter  40 cm and 2 photocel ls  for de tec t ion  of  
locomotor  act~vtty L o c o m o t o r  act~vtty was counted be- 
tween 15 and 30 mln after subcutaneous  N P A  (100 ~zg/kg) 
t rea tment  

Lesmns o f  Brain Monoammergw Termmal~ 

Monoamlnerg lc  neuro toxms  6-hydroxydopamme (6- 
O H D A )  and 5,7-d~hydroxytryptamlne (5,7-DHT) were  dis- 
solved m 0 1% solution of  ascorbtc  acid 6 - O H D A  (60 ~g  m 5 
/zl) and 5 ,7-DHT (60/zg m 5/zl)  were  rejected into the right 
lateral  ven tnc le  of  mlce under  the e ther  anes thes ia  The  be- 
havtoral  and binding expenmen t s  were  carried out 8 days 
after  the lnjectton of  neuro toxms  Finally,  the mject~on sttes 
were  confirmed hlstologacally to be located within the right 
lateral  ventr icle  p-Chloroam_phetamme in neurotoxlc  dose 
(2× 15 mg/kg 8 and 7 days before the exper iment)  was also 
used for lesiomng of  serotomnerglc terminals [5] The effect of  
neurotoxlns  on the content  of  monarmnes  and their major  
metabol i tes  In brain s tructures was assessed b~ochemlcally 
using f luor lmetnc  assay [20] 

In Vlvo ~H-Splperone Bmdmg 

~H-splperone (5/~g/kg, 17 Cl /mmole ,  Amersham Interna- 
tional, U K ) was rejected subcutaneously  into the dorsal  
part  of  mouse  neck  N P A  (5 and 50 p.g/kg) and caerulem 
(20--250 txg/kg) were  used to inhibit aH-splperone binding 
T w o  doses  of  NPA with dtfferent acUon on rodent  behavmr  
were  selected because  two s~tes w~th different affimty for 
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FIG 1 The effect of different doses of N-propylnorapomorphme 
and caerulem on exploratory behavior in m~ce Each point in the 
figure represents mean value of three independent studies in 
grouped mice (10 animals m group) Abscissa---the dose of NPA or 
caerulein m /~g/kg Caeruleirr--A , NPA--B The mean value for 
saline treated group was 1182-+170 counts dunng 30 rain Statisti- 
cally evident differences from saline treated m~ce *p<005, 
**p<0 01 (Student's t-test) 

T A B L E  1 

THE ACTION OF CONCOMITANT ADMINISTRATION OF 
CAERULE1N AND NPA ON MICE SPONTANEOUS 

LOCOMOTOR ACTIVITY 

Drug/dose 

Spontaneous locomotor acuwty of mice 

Counts dunng 
15 mm % 30 mm % 

Saline 608 +_ 58 100 1230 +_ 162 100 
NPA 0 5 tzg/kg 380 _+ 42* 63 780 _+ 68* 63 
Caerulem 2/~g/kg 352 + 38* 58 746 _+ 65* 61 
NPA + Caerulem 170 + 167 28 276 +_ 24~ 22 
NPA l0 p.g/kg 158 _+ 121- 26 240 _+ 32+ 20 
Caeruleln 1 txg/kg 560 _+ 57 92 1080 _+ 182 88 
NPA + Caerulem 33 _+ 4~ 5 61 +_ 8:~ 5 

The mean values of four independent experiments on grouped 
mice (10 ammals in group) are presented *p<0 05, tp<0 01. 
Cp<0001 (Student's paired t-test, in relation to saline treated 
ammals) 

dopamlne  and its agonlsts  existed on dopamlnez-receptors  
[18,27] F ive /~g/kg  N P A  is ED~0 for suppression o f  explora-  
tory acav i ty  in mice,  whereas  50 /~g/kg N P A  is EDs, for 
motor  exci ta t ion m rodents  [8] N P A  and caerulem were  
admimstered  15 mln before  aH-splperone The ammals  (6 
mice per  group) were  sacrificed 20 rain after ~H-splperone 
t rea tment  by cervical  dislocat ion The brains were  rapidly 
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T A B L E  2 

THE EFFECT OF CAERULEIN AND NPA ON EXPLORATORY ACTIVITY AND aH-SPIPERONE IN VIVO 
BINDING IN MICE SELECTED WITH 100 p.g/kg NPA 

Drug/dose 

InMbltion of locomotor activity 
to 100/~g/kg NPA 

Weak Responders Strong Responders 

Motor activity counts dunng 30 mm 

% % 

Sahne 1168 __+ 98 100 1224 _+ 115 100 
NPA 1/.tg/kg 550 -_+ 58 47 630 _+ 52 52 
Caeruleln 2 v.g/kg 292 _+ 34* 25 690 _+ 68 56 

Inhlbmon of ~H-splperone binding 
to 100 p.g/kg NPA 

Weak Responders Strong Responders 

cpm per gram t~ssue 

Subcortex Dorsal cortex Subcortex Dorsal cortex 

NPA 5 p.g/kg +1600 _+ 280t +750 +_ 200t 9900 _+ 1020 10950 _ 1200 
NPA (50-5) ~.g/kg 5180 _+ 380* 3750 _+ 280* 10200 _+ 980 6900 +_ 520 
Caerulem 100 p.g/kg + 1800 _ 360t + 1200 _+ 300t 11840 _+ 930 11150 _ 1060 

The experiments were camed out 10-12 days after mice selection 
The mean values of three independent experiments are advanced m table +--Stimulation of ~H- 

splperone binding *p<0 05, f p<0  01 (Student's prated t-test, compared to strong responding mine) 

r e m o v e d  and  dorsa l  co r t ex  and  subcor t i ca l  f o r eb rmn  st ruc-  
tu res  ( s t n a t a  and  h m b i c  s t ruc tu res )  were  d i s sec ted  on  ice 1~o 
The  d i s sec ted  bra in  a reas  of  e ach  g roup  were  poo led  and  
h o m o g e n i z e d  us ing  a g lass- tef lon h o m o g e n i z e r  by  hand  dur-  ,2o 
lng 1 min  The  h o m o g e n i z a t i o n  p r o c e d u r e  was  p e r f o r m e d  in 
ice-cold T n s - H C I  buf fe r  (50 m M,  p H  7 4, 20°C) in the  vo lume  _ ~oo 
of  40 mg t i ssue  pe r  ml Af te r  h o m o g e n i z a t i o n  0 5 ml (20 mg  
t issue)  of  s u s p e n s i o n  was  p ippe ted  into 6 p o l y p r o p y l e n e  ~ ~o 
tubes  (1 5 ml)  and  cen t r i fuged  d u n n g  10 min  at  9 0 0 0 x g  The  
s u p e r n a t a n t  was  careful ly  d i sca rded  and  remain ing  pe l le t  ~ 6o 
was  w a s h e d  and  cu t  into  vials Rad ioac t iv i ty  o f  samples  was 
c o u n t e d  af te r  s tab i l iza t ion  in Bray  scint i l la t ion cockta i l  ~ ~o 
wi th in  12 hou r s  in B e c k m a n  LS 6800 wi th  coun t ing  eff icacy 
43% The  b inding  e x p e r i m e n t s  were  r epea t ed  at  leas t  th ree  2o 
t imes  and  the  da ta  ana lyzed  us ing  S t u d e n t ' s  t - tes t  

Drugs 

Drugs  used  in the  p r e s en t  inves t iga t ion  were  cae ru le ln  
(Ceru le t lde ,  F a r m l t a h a  Car lo  E r b a ,  I taly),  h a l o p e n d o l  (Ge- 
deon Richter ,  Hungary) ,  N-p ropy lno rapomorph ine  (Sterhng-  
Win throp ,  USA) ,  p -ch lo roamphe tamine ,  6 -hydroxydopamine ,  
5 ,7 -d lhydroxy t ryp tamme (Sigma, USA)  Caerulein ,  commer -  
cial solut ion of  ha lopendo l  and p - c h l o r o a m p h e t a m m e  were 
dissolved in saline The  inject ion solut ion of  N P A  was p repa red  
in 0 001 N HCI Each  inject ion was  done  in a vo lume of  0 1 
ml/10 g body weight  

E X P E R I M E N T  1 T H E  I N V O L V E M E N T  O F  
D O P A M I N E R G I C  M E C H A N I S M S  IN T H E  M O T O R  

D E P R E S S A N T  A C T I O N  O F  C A E R U L E I N  A N D  
N - P R O P Y L N O R A P O M O R P H I N E  

The  a im of  e x p e r i m e n t  1 was  to s tudy  the  role  of  
dopamlne rg lc  m e c h a n i s m s  in the  seda t ive  effects  of  caeru-  

0~5 2,0 5,0 qOtO 2010 /t~kg 

FIG 2 The changes in motor depressant effect of caerulem and 
N-propylnorapomorphme after Intraventncular admtmstratlon of 
6-hydroxydopamlne White s~gns--the action of NPA, black 
slgns--caerulem Tnangles--after  administration of 6-OHDA, 
squares--after mtraventncular mjecaon of 0 1% ascorbm acid 
Abscissa---the dose of NPA or caerulem m/zg/kg The mean value 
for saline medicated mouse was 1098_ + 156 counts dunng 30 mln m 
the case of 0 1% ascorblc acid and 780_+78 m case of 6-OHDA 
Statistically evident differences from ascorbm aod  pretreated group 
*p<0 05, **p<0 01 (Student's t-test) 

leln and  N P A .  The  p r o b l e m s  u n d e r  examina t i on  were  (1) the  
ac t ion  o f  d i f fe rent  doses  of  caeru le ln  and  N P A  on explora-  
to ry  ac t iv i ty  in mice ,  (2) the  effect  of  c o n c o m i t a n t  use  of  
cae ru le ln  and  N P A  on l o c o m o t o r  ac t iv i ty  in mice ,  (3) the  
ac t ion  o f  cae ru le ln  and  N P A  on exp lo ra to ry  act iv i ty  and  all-  
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TABLE 3 

THE CHANGES IN ~H-SPIPERONE BINDING AFTER INTRACEREBROVENTRICULAR ADMINISTRATION OF 6-HYDROXYDOPAMINE AND 
LONG-TERM ADMINISTRATION OF HALOPERIDOL AND P-CHLOROAMPHETAMINE 

Inhibition of ~H-sp~perone bmdlng 
cpm per gram tissue 

NPA 5/~g/kg NPA (50-5) p.g/kg Caerulem 50/zg/kg 

Drug/dose Subcortex Dorsal cortex Subcortex Dorsal cortex Subcortex Dorsal cortex 

Saline 7800 ± 580 6950 ± 620 5200 ± 640 4000 ± 480 5250 _+ 420 4750 ± 390 
6-OHDA 60/xg 14400 ± 930~ 11800 ± 1060' 1020 ± 2001 2040 ± 240* 3000 ± 470* 2600 ± 320 
PCA 2×15 mg/kg 4240 ± 560* 3320 ± 310~ 5800 _+ 670 3900 ± 350 3500 _+ 430 3600 ± 410 
Halopendol 0 25 mg/kg 1100 ___ 1201 2150 ± 380* 10400 ± 980~ 6700 ± 530* +3600 _+ 320~: +400 ± 120~ 

The bmdmg of 3H-splperone after lntraventncular adm~mstratton of 0 1% ascorblc acid did not differ from the bmdmg after long-term 
saline treatment +--Stimulation of 3H-splperone bmdmg *p<0 05, tp<0 01. *p<0 001, compared to saline treated mice (Student's t-test) 

splperone binding parameters in pharmacologically selected 
mice The animals were selected according to their motor 
response after admlmstration of 100 /~g/kg NPA into two 
groups---weak and strong responders The uneven motor re- 
action after NPA administration reflected the different den- 
sity of postsynapUc dopamane2-receptors m rodents [14, 15, 
29], (4) the effects of caeruleln and NPA on locomotor activ- 
ity in mice and 3H-spiperone blndmg parameters after de- 
struction of presynaptic dopammerglc terminals by 
6-hydroxydopamme 

METHOD 

The group of nuce was placed into the center of an open- 
field cage immediately after subcutaneous mjectaon of caeru- 
leln (1-50 tzg/kg) or NPA (0 2-50/~g/kg) After selecUon of 
appropriate doses, giving marked suppression of spontane- 
ous locomotor act~wty, the effect of concomitant use of 
caerulem and NPA was studied The acaon of NPA (1 tzg/kg) 
and caerulem (2/~g/kg) was also examined [] mice selected ac- 
cording to their motor response to the admimstraaon of NPA 
in a high dose (100 ~g/~g) The groups of weak and strong 
responders to 100 t~g/kg NPA were selected among 400 mice 
The motor actavlty was assessed m individual cages from 15 
to 30 min after 100 p.g/kg NPA injection The mean value of 
motor activity for the first group (weak responders) was 
36_+3 8 counts dunng 15 man and 216_+ 15 2 for the second 
(strong responders) The response of these two groups to 
sahne administration did not differ markedly It was 1168_+98 
counts dunng 30 nun for weak responders and 1224_+115 
counts for strong responders. Simultaneously with behav- 
ioral mvestlgauons aH-splperone m vlvo bmchng studies 
were performed NPA (5 and 50/~g/kg) and caerulem (100 
/~g/kg) were used as displacing drugs. Two doses of NPA 
were administered to demonstrate two distinct binding sites 
for NPA on dopamme2- and serotonm2-receptors Inhlbmon 
of aH-spiperone binding by 5 /zg/kg NPA expressed the 
amount of ~gh-aff'mlty sites for NPA, whereas the difference 
between the inhabiting acnon of 50 and 5 tzg/kg NPA demon- 
strated the number of low-afl'mity sites Catecholatmnergac 
neurotoxm 6-OHDA (60/zg) was injected into the right lab 
era] cerebral ventricle in a volume of 5/~l dunng 3 man under 
ether anesthesia Seven days were allowed for recovery from 
mtraventncular intervention After completion of behavioral 
experiments the site of m~cromject~on was detected histolog- 
ically 

RESULTS 

Effect of Caeruletn and NPA on Exploratory Motor Acttvtty 

Caerulem in a dose dependent manner depressed the ex- 
ploratory activity in male mice (Fig 1A) Two/zg/kg caeru- 
leln caused the mmimal slgmficant reduction of motor activ- 
Ity and 20--50/zg/kg the maximal effect Low doses of NPA 
also reduced the animals' spontaneous locomotor activity 
0 5 tzg/kg NPA caused remarkable and 10 /~g/kg NPA re- 
duced the maximal reduction of mice exploratory behavior 
(Fig 1B) The further elevation of NPA dose &d not enhance 
the sedative action, but on the contrary 50/zg/kg NPA had a 
mild snmulatmg effect on motor activRy of m~ce After 
coadmanistratton of NPA and caerulem the reduction of 
motor activity was obviously higher compared to the treat- 
ment of both drugs alone (Table 1) One tzg/kg caeruleln, 
which did not slgmficantly affect the mice behavior, poten- 
tiated the motor depressant effect of NPA (10 t~g/kg) This 
combination of drugs caused nearly complete suppression of 
locomotor activity In mace, selected according to their 
motor response after admmastrauon of 100 /~g/kg NPA, 1 
/~g/kg NPA m a smular manner suppressed exploratory ac- 
tivity m strong as well as m weak responders (Table 2) 
However, the sedative effect of caerulem (2 t~g/kg) was de- 
pendent on the mice sensltawty to I00/~g/kg NPA In strong 
responders the sedative effect of caerulem was lower Signif- 
icant differences were found also in 3H-spiperone binding 
performed m 'qn  wvo" condmons (Table 2). In weak re- 
sponders caeruleln (100 tzg/kg) stimulated 3H-splperone brad- 
mg m both brmn regaons stud~ed, whereas m strong respon- 
ders it had the opposRe effect, lnhlbmng 3H-spiperone bind- 
lng (Table 2) Five/~g/kg NPA also increased aH-splperone 
binding tn weak responders, whale the displacing potency of 
50 tzg/kg NPA in weak responders was lower than the effect 
of 5/~g/kg NPA m strong responders 

Effect of 6-OHDA on Locomotor Effects of Caeruletn and 
NPA, and 3H-Sptperone Binding 

Intraventncular administration of 6-OHDA (60 /~g) re- 
duced more than 6 ~  reduction of dopa.rmne and its metabo- 
hte 3,4-dlhydroxyphenylacetlc aod (DOPAC) levels m 
stnatal slices (dorsal cortex, stnata and mesollmbtc struc- 
tures) of mice brain wRhout changang markedly serotonm 
levels. Simultaneously the reduction of spontaneous locomo- 
tor activity was seen m mice after 6-OHDA treatment (Fig 



CAERULEIN AND DOPAMINERGIC MECHANISMS 473 

,oo £ A L i_~ A 

80 

0 

L T N g £~-ti~I~Ollil~vJuTllg 5,7-Dl~1"i~t~tI~P'dtlQNll 

FIG 3 The influence of p-chloroamphetamme and 5,7- 
dlhydroxytryptamlne pretreatment on motor depressant effect of 
caeruleln and N-propylnorapomorph|ne Wlute bars---caerulem 2 
/~g/kg, stnped bars---NPA 0 5 /~g/kg and black bars--- 
caerulem+NPA The mean value of motor acnv~ty for saline treated 
g3"oup was 1180_+122 in case of long-term saline adrmmstratlon, 
1020_ + 140 in case of 5,7-DHT and 1270- + 178 counts dunng 30 mm tn 
case of PCA *p<0 05, **p<0 02, ***p<0 01, ****p<0 001, com- 
pared to sahne pretreatment (Student's t-test) 

TABLE 4 

THE EFFECT OF HALOPERIDOL AND CAERULEIN ON MICE 
EXPLORATORY ACTIVITY AFTER 14 DAYS 

HALOPERIDOL TREATMENT 

Drug/dose 

Sahne Halopendol 

Motor actlwty counts dunng 30 mm 

% % 

Sahne 1180 -+ 188 100 1054 _+ 143 100 
Caerulem 2/~g/kg 680 _+ 78* 58 920 _+ 89 90 
Halopendol 50/zg/kg 880 _+ 96 75 1280 _+ 160 122 
Caerulem + Halopendol 620 -+ 64* 53 520 +- 56t 49 

The lnvest,gat,on was performed 72 hours after cessat,on of halo- 
pendol or saline treatment The mean values of three independent 
studies are advanced *p<0 05, tp<0 0l, compared to sahne treated 
ammals (Student's t-test) 

2) NPA completely lost its sedative action and sttmulated 
the mice exploratory activity after adminnstranon of 
6-OHDA, while the actton of caeruleln remained unchanged 
(Fig 2) In binding expenments 6-OHDA caused a slgmfi- 
cant increase In displacing acUon of 5 /zg/kg NPA, but re- 
duced the potency of 50/~g/kg (Table 3) The lnlUbltmg ac- 
tion of caerulem (50/~g/kg) on aH-splperone binding was also 
somewhat lower after 6-OHDA treatment AdmimstraUon of 
6-OHDA altered aH-splperone binding more relevantly in 
subcortlCal structures than in dorsal cortex 

DISCUSSION 

Caeruleln and NPA in low doses caused similar suppres- 
sion of exploratory activity of mice Coadmlnlstration of 
NPA and caerulein evidently potentiated their depressive 
action on behavior There is clear evidence for coexistence 
of dopamlne and CCK-8 in the same mesencephallC 
dopaminerglc neurons [31] It was demonstrated that CCK-8 
and caeruleln potentiated apomorphlne-mduced inlubltlOn of 
dopammerglc neurons in mesencephalon [30]. Lesion of 
presynaptlc dopamlnergic termmals by 6-OHDA completely 
reversed the motor depressant action of NPA, demonstrating 
the prevalent role of presynaptic mechanisms m the action of 
NPA The motor depressant effect of caeruleln was resistant 
to the administration of 6-OHDA The different action of 
caeruleln in selected mice according to their response to 100 
/~g/kg NPA revealed that the sedative effect of caerulein was 
more probably related to postsynaptlc dopamlne receptors 
The sedative effect of caerulein was higher in weak NPA 
responders, which evidently had lower density of 
dopamine2- and serotonm2-receptors in forebram structures 
It was established that doparmne2-receptors had one high- 
affinity site for neuroleptac drugs, but two sites--low- and 
high-affinity--for dopamme, apomorphme and NPA [18,27]. 
In weak responders caerulein and 5 t~g/kg NPA stimulated 
aH-splperone binding, but inhibited it in strong responders. 
NPA had similar sedative action in both groups of selected 
mice, revealing that dopamlne "autoreceptors" were not re- 
lated to lugh-affimty doparmne2-receptors [27] Costall [14] 

has found that in strong responding rats to NPA (50 ~g/kg) 
the content ofdopamme (in nucleus accumbens) was approx- 
imately twice hxgher than in weak responders. It appears that 
displacing potency of caeruleln agmnst aH-splperone binding 
is dependent on dopamlne content in braun structures and 
caeruleln only modulates the interaction of endogenous 
dopamme with doparmne2-receptors It is quite possible that 
these dLfferences in the action of caeruleln on 3H-splperone 
binding in two selected groups of mice are linked to the 
different sedative effects of caerulem In these ammals. 

In conclusion, experiment 1 evidences that the sedative 
effect of caerulem is related, differently from NPA action, to 
postsynaptlc dopamlne receptors Caerulein seems to act as 
a functional antagomst of behavior stimulating effect of 
dopamine 

EXPERIMENT 2: THE EFFECT OF SEROTONINERGIC 
LESIONS AND LONG-TERM HALOPERIDOL 

TREATMENT ON MOTOR DEPRESSANT AND aH- 
SPIPERONE BINDING INHIBITING EFFECTS OF 

CAERULEIN AND N-PROPYLNORAPOMORPHINE 

Expenment  1 suggested differences in the mechanism of 
sedative action of caerulem and NPA. The aim of experiment 
2 was to study further the mechanisms of action of caeruleln 
and NPA using serotomnergtc lesions and long-term 
administration of halopendol. 

METHOD 

Serotonlnerglc neurotoxln 5,7-DHT (60/~g) was injected 
into the nght lateral ventncle m a volume of 5/~1 dunng 3 rain 
under ether anesthesia Seven days were allowed for recovery 
from lntraventncular intervention After completion of be- 
havioral expenments the site of mlcroinjection was detected 
histologically. According to some authors [5, 28, 35], admin- 
Istration of p-chloroamphetamine (PCA) in lugh doses causes 
degeneration of serotomnerglc terminals in forebrain struc- 
tures PCA was rejected twice in a dose of 15 mg/kg, 8 and 7 
days before the behavioral and binding expenments The 
action of NPA and caerulein was also studied after 14 days 
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FIG 4 The changes m motor mhtbltmg action of 
Nlpropylnorapomorplune and caeruleln after cessation of 14 days 
halopendol medication White bars--caerulem 2 tzg/kg, stnped-- 
NPA 0 5 and 5 0/~g/kg, black---the comblnanon of caerulem and 0 5 
/~g/kg NPA The mean value of motor activity for saline treated 
group was 1180_+147 counts dunng 30 mln *p<0 05, **p<0 02, 
***p<0 01 (Student's t-test) 

admmlstratlon of halopendol  (0 25 mg/kg, twice daily), in- 
creasing the senslUvlty of pre- and postsynaptlc dopamine 
receptors [11,53]. Seventy-two hours after cessation of  two 
weeks halopendol  treatment the behavioral experiment with 
appropriate doses of  caeruleln, NPA and halopendol  was 
performed Simultaneously with the behavioral experiment 
the in VlVO aH-splperone binding studies were carried out 
after long-term administration of PCA and halopendol  After 
leslomng of serotomnergac terminals of brain by PCA and 
5,7-DHT the spectrofluonmetnc method was used for de- 
tection of dopamine, serotonln and their major metabohtes 
[20] 

RESULTS 

Effect of  PCA and 5,7-DHT on Locomotor Effect oJ 
Caerulem and NPA 

The pretreatment with PCA and 5,7-DHT decreased ob- 
viously (50-60%) the levels of serotonin and its major 
metabohte 5-hydroxymdoleacetlc acid in stnatal  slices, 
without chaagmg dopamlne concentrations. The administra- 
tion of both serotomnerg~c neurotoxins evidently potentiated 
the motor inhibmng effect of NPA The action of simulta- 
neous admmistration of  NPA and caerulein was also aug- 
mented, whereas the sedative effect of caerulein in grouped 
mice was somewhat enhanced only after administration of 
PCA (Fig. 3) The pretreatment with PCA (2×15 mg/kg) 
inhabited the displacing potency of 5/~g/kg NPA and 50/~g/kg 
caeruleln (Table 3), whale the part of aH-spIperone binding 
dlsplacable only by 50 tzg/kg NPA remained unchanged 

Effect of  NPA and Caeruleln on Locomotor Actlvtty 
and aH-Sptperone Binding After Long-Term 
Halopertdol Treatment 

The mild sedative effect of 50/zg/kg halopendol  was re- 
versed to stimulation of exploratory activity after cessation 
of long-term halopendol  (0 25 mg/kg twice dally dunng two 
weeks) treatment (Table 4) Tolerance developed also to the 
motor depressant action of 2 p,g/kg caerulein In salme pre- 
treated mice the sedative action of simultaneous treatment of 
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FIG 5 The action of caerulem on ~H-sptperone binding after cessa- 
tion of 14 days halopendol treatment Black squares---the action of 
caeruleln after saline pretreatment, wlute squares---after two weeks 
halopendol administration Abscissa the dose of caerulem in ~g/kg, 
ordinate radioactivity counts per gram issue ---mh~biUon, and 
+--stimulation of ~H-sptperone bmdmg *p<0 05, **p<0 01 vs 
saline pretreated ammals (Student's t-test) 

halopendol  and caeruleln did not defter from the action of 
caeruleln alone However,  after withdrawal of long-term 
administration of haloperidol the concomitant treatment of 
caerulein and halopendol  completely reversed the tolerance 
to the action of both drugs (Table 4) The changes in motor 
depressant action of NPA were dependent on the dose of 
NPA 0 5 tzg/kg NPA had more pronounced inhibiting effect 
after two weeks halopendol medication (Fig 4), whale the 
action of 5 p,g/kg NPA was sigmficantly reduced Two weeks 
halopendol  treatment also reduced the interaction between 
NPA and caeruleln (Fig 4) Some animals became hyperex- 
citable after simultaneous administration of NPA and caeru- 
iem to halopendol  pretreated mice The diminution of 5 
/zg/kg NPA mhlbltlng action on 3H-splperone binding was 
seen after 14 days halopendol  medication (Table 3), whereas 
the action of 50 tzg/kg NPA was evidently increased The 
mhlbmng action of 50/zg/kg caerulein was turned to stimula- 
tion of  aH-splperone binding after cessation of long-term 
neuroleptic treatment (Table 3) More detailed analysis of 
caerulem mhablting action revealed (Fig. 5) the more 
pronounced effect of caerulein on aH-splperone binding in 
subcortlcal structures, with maximal inhibition after admin- 
istration of  100/~g/kg caerulein After cessation of two weeks 
haloperldol treatment the inhabitlon curve of caeruletn was 
shafted to stimulation of 3H-spiperone binding (Fig 5) 

DISCUSSION 

Experiment 2 evidently supports our oplmon that the 
sedative effects of caerulem and NPA are mediated through 
dlssln~lar mechamsms Lesions of  serotonmerglc terminals 



C A E R U L E I N  AND DOPAMINERGIC MECHANISMS 475 

by PCA and 5,7-DHT demonstrate the involvement of  sero- 
toninergic mechanisms in the inhibitory action of  NPA This 
opinion was supported by our previous invesUgatlon [52], 
where the potentiation of apomorphlne sedative effect by 
low dose of plrenperone, a selective antagonist of 
serotonm2-receptors, was shown The sedative effect of 
caeruleIn was influenced only by pretreatment with PCA, 
but not by micromjectlon of 5,7-DHT The possible explana- 
tion for these differences may be the dlssimdar action of 
5,7-DHT and PCA on postsynaptlc serotomn2-receptors 
sensitivity It was found that 5,7-DHT caused behavioral 
hypersensit ivity on serotomn receptors [6, 49, 50], while 
PCA induced subsensltlvity to serotonin agonlsts [5] These 
findings may support the involvement of postsynaptlc 
serotonln2-receptors in the action of caerulein, but to a lesser 
extent than dopammez-receptors This opimon is in agree- 
ment with blndmg studies where higher doses of caeruleln 
were needed for inhibition of aH-spiperone binding to 
serotonln2-receptors in dorsal cortex than to dopamine2- 
receptors in subcortlCal structures 

Investigations performed after cessatmn of two weeks 
halopendol  treatment support the hypothesis of Protals [42] 
that the sedative effect of moderate doses of NPA is related 
to other types of dopamlne receptors than the action of low 
doses Long-term halopendol  medication Induced tolerance 
to the sedative effect of  5 /zg/kg NPA, but increased the 
action of  0 5 ~g/kg NPA In the binding expenments  the 
reduction of displacing potency of 5 tzg/kg NPA after with- 
drawal of 14 days halopendol was also seen It is probable 
that NPA in moderate doses interacts with postsynaptlc  
dopamlnez-receptors having high-affimty for dopamme 
agonlsts and not only with so-called dopamine "antorecep-  
tors " Two weeks haloperldol treatment caused tolerance to 
both effects of caerulem--sedat ive  and inhibition of aH- 
spzperone binding The interaction between NPA and caeru- 
leIn was also decreased after 14 days neuroleptic admlmstra- 
tlon, while coadministratlon of haloperidol and caeruleln in 
low doses reversed the tolerance to the sedative effects of 
both drugs It is probable that the stlmulatmn of ~H- 
splperone binding to dopamlne_,- and serotonlnz-receptors 
after long-term neuroleptic medication plays a role in the 
antlpsychotlc action of neuroleptlc drugs There was de- 
scribed the substantml dose dependent  increase of CCK-8 
content In subcortlcal forebram structures after two weeks 
admimstratlon of  different neuroleptic drugs (halopendol,  
chlorpromazlne, clozaplne) [23] The density of CCK bind- 
ing sites was also elevated after long-term neuroleptic medi- 
cation [12] 

In conclusion, expenment  2 supports the idea about the 
involvement of postsynaptlc dopamine2-receptors and to a 
lesser extent serotomnz-receptors in the action of  caeruleln 
It is probable that the action of caerulein on ammals behavior 
and ~H-spiperone binding is related to the functional activity 
of dopamlne2- and serotonln2-receptors, but also to the levels 
of endogenous neurotransmltters 

G E N E R A L  DISCUSSION 

There are two opposite concepts existing about the site of 
action of  CCK-8 and caerulem after systemic administration 
The first group of investigators [17,34] has demonstrated the 
relation of sedative effects of  CCK-8 and caerulem to the 
afferent system ofnervus  vagus Vagotomy [34] or lesions of 
nucleus tractus solltarlus [17], the central termmaUon of 
vagal sensory fibers, abolished the depression of somatic 

function induced by CCK-8 or caeurleln However,  the 
pharmacological experiments described by Zetler [56, 57, 58] 
suggest that CCK-ltke peptldes possess marked effects in 
ammal behavior models known to reliably reflect the efficacy 
of well-known centrally active drugs such as analgesics, 
neuroleptlcs and tranquilizers 

The present investigation reveals that at least partly the 
central monoamlnergic mechanisms are Involved in the de- 
pressive action of caerulem on mice behavior This Idea is 
supported by the following findings (1) Caerulem inhibits m 
VlVO aH-splperone binding in the brain, in lower doses to 
dopamtnez-receptors in subcortex and in somewhat higher 
doses to serotomn2-receptors in dorsal cortex This finding is 
in agreement with the in vitro investigations [4] showing that 
10 nM CCK-8 significantly modulates 3H-splperone binding 
to dopamlne2-receptors m stnatum and moderatley to 
serotonln2-receptors in dorsal cortex, (2) The sedative effect 
of caerulein was in negative correlation with reaction of mice 
to motor stimulating action of NPA (100/~g/kg) and density 
of ~H-spiperone binding sites m forebram structures, (3) Two 
weeks halopendol  admimstratlon induced the tolerance to 
the motor depressant effect of caeruleln and reversed the 
inhibiting actmn of caeruleln into stimulation of ~H- 
splperone binding 

The potentiation of apomorphine-lnduced inhibition of 
dopamlne neurons by CCK-8 and caerulem was demon- 
strated m mesencephalon [30] But, the present investigation 
indicates the differences in the mechanism of  motor de- 
pressant action of NPA and caeruleln It appears that NPA 
releases its inhibiting action of mice behavior through the 
presynaptlc dopamlne receptors,  while caeruleln mainly in- 
teracts with postsynaptic dopamme2-receptors Intraven- 
tncular  admlmstratlon of 6-OHDA, destructing presynaptic 
dopamlnergic terminals, shifted the sedative effect of NPA 
into stimulation of mice exploratory acuvity, whereas the 
action of caeruleln remained unchanged In fact, the sedative 
effect of caerulem was in negative relation with the 
postsynaptlc effect of  N P A - - t o  stimulation of locomotor ac- 
tivity Similar correlation was found between the behavioral 
effect of caerulem and density of 3H-splperone blndmg sites 
in forebram These findings are in agreement with investiga- 
tions [4,25] showing that CCK-8 more readily interacted with 
3H-spIperone than 3H-NPA binding m " m  vitro" conditions 
There was described [18,27] the existence of two binding 
sites for dopamlne agonists on dopamlne2-receptors (high- 
and low-affimty) and only high-affinity site for neuroleptlc 
drugs It was found [43] that these two sites for dopamlne 
agonists had different locahzatlon in s tnatum--high-aff imty 
sites were located predominantly on lntnnslc neurons and 
low-affinity sites on cort icostnatal  fibers The high-affinity 
sites were regulated by guanine nucleotldes GTP or its 
analogs significantly reduced the interaction of dopamlne 
agomsts with dopamlnez-receptors [27,43] It seems that 
caerulem more probably interacts with high-affinity binding 
sites for dopamlne agonists on dopamine2-receptors, 
antagomzing the stimulating action of dopamme and its 
analogs on animals'  behavmr Caerulem (75 p.g/kg and higher 
doses) effectively reversed the motor stimulating action of 
dl-amphetamine (5 mg/kg), but did not affect qmpazme (5 
mg/kg), serotonmz-receptors agomst, head-twitches (our un- 
published data) and cage chmbmg behavior Induced by 
higher doses of apomorphlne in mice [57] The selection of 
mice according to their response after administration of 100 
/zg/kg NPA also support the involvement of  high-affinity 
dopamlne2-receptors m the action of caeruleln The clearcut 
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positive correlation between the content of dopamine in nu- 
cleus accumbens and the response to motor stimulating ef- 
fect of NPA was discovered in rats [14] In strong responders 
the concentration of dopamlne in nucleus accumbens was 
approximately two times higher compared to weak respon- 
ders [14] In the present study, caeruleln and 5/~g/kg NPA 
stimulated ~H-spiperone binding in weak responding mice, 
while in strong responders both drugs had the opposite ef- 
fect It appears that the action of caeruleln on *H-splperone 
binding is dependent on the levels of dopamme and affinity 
of dopamlnez-receptors to dopamlne The long-term infusion 
of dopamlne into nucleus accumbens caused the opposite 
changes in dopamine2-receptors sensitivity in selected rats 
[15] In weak responders dopamlne demonstrated dopamine 
receptor antagonist like properties, increasing the sensitivity 
of dopamlne2-receptors, while in strong responders it had the 
opposite effect, decreasing the affinity of dopamine recep- 
tors It IS probable that NPA, similar to dopamine, has 
dopamlne antagonist properties in weak responders in mod- 
erate dose (stimulation of 3H-spiperone binding) and in high 
responders it acts as a receptor agomst (mhlbmon of aH- 
splperone binding) The mixed agonlst-antagonist properties 
of apomorphlne and NPA seem to have the clinical rele- 
vance, because apomorphlne reduces the psychotic symp- 
tomatology only in one subgroup of schlzophremc patients, 
suffering mamly from the paranoid schizophrenia, receiving 
neuroleptIc medication, but not without neuroleptic drugs [ 1, 
19, 21, 37, 47] Probably, this action of apomorphlne is dif- 
ferent from the sedative action of apomorphlne, which was 
antagonized by neuroleptlc drugs [13] It is possible that in 
these patients apomorphine caused the short-lasting stimu- 
lation of neuroleptlcs binding to dopamine_,- and serotoninz- 
receptors 

The differences in the action of NPA and caerulein also 
involve the serotoninerglc mechanisms It seems that the 
lntubltlng action of caerulein on mice behavmr is mainly de- 
pendent on dopaminergic mechantsms, whde NPA also 
interacts with serotonln receptors There was demonstrated 
the displacement of ~H-ketanserin from serotonInz-receptors 
by apomorphme [36] In the present study NPA inhibited 
similarly 3H-spiperone binding in dorsal cortex (mainly 
serotonln2-receptors) as well as in subcort|cal forebrain 
structures (prevalhng dopamlnez-receptors) Caeruleln in 
lower doses interacted with dopamlne,-receptors, whereas 
the htgher doses were needed for interaction with 
serotonlnz-receptors It was found that to suppress dopamine 
turnover lower concentrations of CCK were needed than to 
inhibit serotonln turnover [51] Destruction of serotoninerglc 
terminals by PCA and 5,7-DHT significantly increased the 
motor depressant effect of NPA, while only PCA, decreasing 
also serotonln2-receptors sensitivity [5], moderately poten- 
tiated the action of caeruleln The involvement of 
serotoninergic mechamsms in the behavioral effects of 
apomorphine was also stated by other authors The adminis- 
tration of different serotonln agonists into median raphe nu- 

clei, innervating mesohmbic area, potentiated m rats the 
motor stimulation induced by apomorphlne [22] Apomor- 
phine in lugh doses (over 4 mg/kg) induced in cats behavioral 
effects similar to LSD, an agonlst of serotoninz-receptors 
[50] In the clinical studies [33], it was established that 
apomorphine had pronounced sedative action only in pa- 
tients with enlarged cerebral ventncles In this subgroup of 
schizophrenic patients the decreased content of 
5-hydroxylndoleacetlc acid, the major metabollte of seroto- 
nln, in cerebrospmal fluid was described [41] These clinical 
observations are in agreement with our study showing the 
increased sedative effect of apomorphine and NPA in the 
case of deficiency of central serotoninergic mechanisms 

Special attention was drawn to the interaction between 
haloperldol, the classical neuroleptic drug, and caerulein In 
the pharmacological expenments similarities were found m 
the behavioral effects of caeruleln and halopendol, but a 
positive Interaction between these drugs was not found [55, 
57, 58] Similar absence of Interaction in intact animals was 
established in the present study The interaction between 
caeruleln and haloperldol became evident after two weeks 
halopendol administration Caeruleln reversed the tolerance 
to the sedative effect of halopendol and increased ~H- 
splperone binding after long-term neuroleptic medication 
The increased number of C C K  binding sites was demon- 
strated after long-term haloperldol treatment [12] Different 
neuroleptic drugs (halopendol, chlorpromazlne, clozapme) 
induced dose dependent elevation of CCK-8 content m fore- 
brain subcorttcal structures after two weeks administration 
[23] It Is possible the mechanisms descnbed above are in- 
volved in the beneficial action of CCK-hke peptldes in 
neuroleptlc-resistant schizophrenic patmnts [39.40] 

In conclusion, it is probable that apomorphine and NPA 
have at least three distinct levels of action (l) The stimula- 
tion of dopamine "autoreceptors" causes the sedative effect 
m animals and humans [37], (2) The interaction with high- 
affinity dopamlne,- and serotoninz-receptors reduces the 
stimulation of aH-spiperone binding In animals responding 
weakly to motor stimulant action of NPA The beneficial 
clinical effect of apomorphine and NPA [47,48] might be 
related to these monoamlnergic mechanisms, (3) Through 
the stimulation of low affinity dopamme,- and serotonlnz- 
receptors are mediated the typical behavioral effects of 
apomorphme and NPA in higher doses (stereotyped behav- 
ior, cage climbing behavior, aggressiveness, etc ) 

Caeruleln, after systemic administration, more probably 
interacts with high-affinity dopamlne_,-receptors and to a les- 
ser extent with high-affinity serotonin,-receptors, inhibiting 
the stimulating effect of dopamlne and its analogs on animals" 
behavior 
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