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SAITO, R , M FUJIWARA, H KAMIYA AND N ONO The effect ofneurotransmttters on catalepttc behavior tnduced 
by PG D2 tn rats PHARMACOL BIOCHEM BEHAV 26(3) 543-546, 1987 --The effects of several neurotransm~tters on 
prostaglandm (PG) D2-mduced cataleptic behawor ~n rats were investigated by the lugh bar test Intracerebroventncular 
adrmmstrat~on of PG D~ ehc~ted cataleptic behawor ~n a dose-dependent manner w~thout producing a marked change m 
spontaneous motor act~wty The ~nc~dences of cataleptic behavior were 20% and 100% at doses of 2 nmol and 50 nmol of PG 
D2, respectively Intrapentoneal pretreatment w~th L-DOPA (100 mg/kg), apomorph~ne (1 mg/kg), amantadme (0 2 mg/kg), 
atropine (0 5 mg/kg) or p-chlorophenylalamne (300 mg/kg) s~gmficantly decreased the cataleptic behawor ~nduced by 50 
nmol of PG D~ Conversely, s~multaneous treatment w~th 5-hydroxy-L-tryptophan (30 mg/kg), 5-meth- 
oxy-N,N-d~methyltryptamme (5 mg/kg), ~m~pramme (20 mg/kg) or clom~pramme (10 mg/kg) markedly ~ncreased the 
cataleptic behavtor ~nduced by 2 nmol of PG D~ Propranoiol (10 mg/kg) and phenoxybenzam~ne (10 mg/kg) d~d not affect 
the mduct~on of cataleptic behavior by e~ther 2 nmol or 50 nmol of PG Dz These results suggest that PG D~ m~ght be 
~nvolved ~n reducing cataleptic behavior by modulating serotonerg~c, chohnerg~c and dopam~nerg~c systems 

Prostaglandm D2 Cataleptic behavior Dopammerg~c system Serotonerglc system Chohnerg~c system 

RECENTLY prostaglandlns (PGs) have been proposed to 
modulate catecholamlnerglc [2, 4, 17], serotonerg~c [3,4] and 
chohnerglc [21] neurons m the central nervous system. Untd 
recently, the function of only the E and F series of PGs ~n 
mammahan bra~n have been ~nvestigated. But it ~s now ev~- 
dent that there ~s considerable species variation in the d~stn- 
buttons of central PGs and that PG D2 ~s a major PG m the 
central nervous systems of various mammals, including 
human [1, 14, 15, 22, 26], the levels of PG E~ and PG F~, 
being considerably lower. Recently, the following studtes on 
PG D2 were reported (1) The locahzat~on of 3H-PG Dz bind- 
ing sites was demonstrated [33]. (2) PG D~ synthetase [22] 
and 15-hydroxy-PG Dz dehydrogenase [27,32], which are 
responsible for the b~osynthes~s and degradation of PG D2, 
were purified from the bra~n (3) PG D~ was shown to have a 
sedative action and to increase the pentobarbitone-induced 
sleeping t~me ~n rodents [3, 9, 12]. (4) PG D~ was found to 
exert several neurophysiologlcal effects, such as sleep m- 
duct~on [29,30] and hypotherm~a [31] when administered ~n- 
tracerebroventricularly or mtracerebrally. However, the 
participation of central monoamlnerglc systems to PG D~- 
~nduced cataleptic behavior ~s still unclear. 

In th~s study, we found that central admlmstrat~on of PG 
Dz reduced marked cataleptic behavior m rats, and we in- 
vestigated the roles of classical neurotransmltters m the 
cataleptic effect of PG D2 

METHOD 

Antmals 

Male Wlstar strain rats weighing 220-250 g were obteaned 
from Kyudo Co (Saga, Japan). The ammals were kept under 
a 12 hr-12 hr hght-dark cycle (7"00 a.m.-7"00 p.m.) in a room 
at 25-+1°C and 50_+10% humidity, and had free access to 
commercial d~et (CE-2, Clea C o ,  Japan) and tap water, ex- 
cept during measurement of catalepsy 

lntracerebroventrtcular (ICV) Admtntstratton 

For ICV administration of PG D2, a 22-gauge guide can- 
nula of stainless steel was implanted m the right lateral ven- 
tricle of rats under pentobarbltal anesthesm according to the 
stereotax~c coordinates of Paxlnos and Watson [18]. One 
week after surgery, ICV ~njectlons of volumes of 10/~1 of 
drugs were given over a period of 1 mm through a 27 gauge 
~njectlon tube connected to the implanted cannula. After the 
experiment, the site of the ~nject~on was determined by re- 
jecting malachite green dye and then examining the d~stnbu- 
t~on of dye ~n the ventricle. 

Behavtoral Measurement 

Cataleptic behavior was measured by the high bar test 
between 9 O0 a.m and 4"00 p.m m a dark, sound-proof room. 
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FIG 1 Effect of ICV administration of PG D~ on locomotor activity 
observed by the open-field method in rats. Each value at the zero 
t~me represents the mean_+S E M before the m.lect~on of PG D~ or 
vehicle O ~ O ,  vehicle (n=4), • • ,  PG D~ 50 nmol (n=4), • ~ ,  
PG D~ 100 nmol (n=6) 

100 

g 
~ 5o 

_~ 

0 

/ 

I • Q!/I 
0 1 

i ° II  

2 4 6 24 

T~me after Inlechon (hour) 
FIG 2 Cataleptic behavior ~nduced by ICV administration of PG D~ 
~n rats Each point represents the mctdence of the behavior • • ,  
vehicle (n = 10), C>--O, PG Dz 2 nmol (n= 10), (3 (3, PG D~ 10 nmol 
(n=10), • ~ ,  PG D2 50 nmol (n=10) 

T A B L E  1 

EFFECTS OF DOPAMINERGIC AND CI-IOLINERGIC DRUGS ON lag 
D=-INDUCED CATALEPTIC BEHAVIOR 

PG Dz 
(Incidence of Catalepsy) 

Dose 
Drug (rng/kg) 2 nmol 50 nmol 

Sahne 2/10 10/10 
L-DOPA 50 - -  5/8 

100 - -  1/8"~ 
Apomorph~ne 0 5 - -  6/8 

1 - -  3 / 8 ~ "  

Amantad~ne 0 1 - -  7/8 
0 2 - -  3/8* 
0 4 - -  2/8? 

Atropine 0 2 - -  6/8 
0 5 - -  2 / 8 ~ "  

Incidences are shown as numbers of cataleptic an|mals/numbers 
of antmals tested *tS~gmficant differences from control at p < 0  05 
and p <0 01, respectively 

Th~s tes t  was  car r ied  out  by  placing the  f ron t  paws  of  the rat  
on  a hor i zon ta l  meta l  ba r  s u s p e n d e d  12 cm a b o v e  a p la t fo rm 
In the  p r e sen t  expe r im en t ,  the  ca ta lepsy  tes t  was  cons ide red  
to be  pos i t ive  w h e n  the  a m m a l  d~d not  r e m o v e  ~ts paws  
w~thm 30 sec. The  degree  o f  ca ta lept ic  b e h a w o r  was  ex- 
p r e s sed  as the  n u m b e r  of  ra ts  showing  a pos i t ive  r e sponse  
W h e n  the effects  o f  drug p r e t r e a t m e n t  were  ~nvestlgated,  the  
~nc~dence o f  ca ta lept ic  b e h a v i o r  was  d e t e r m i n e d  only  once  at  
one  hou r  af te r  admlmst ra t~on o f  P G  D2 to avoid  the  c o m p h -  
c a h o n  of  the  ef fec t  of  the  tes t ing  p rocedu re  on  tha t  o f  the  
drug [25]. 

The  s p o n t a n e o u s  m o t o r  act ivi ty  was  m e a s u r e d  by  open-  
field test .  The  open-f ie ld  c h a m b e r  was  60 c m  m d m m e t e r  and  
50 cm ~n height ,  the  f loor  was  d~v~ded into 19 b locks  A ra t  
was  p laced  on  the  c e n t e r  o f  the  f loor  and  o b s e r v e d  for  3 mln  
L o c o m o t o r  act~wty, ambu la t ion ,  was  e x p r e s s e d  ~n t e rms  o f  
the  n u m b e r  of  b locks  t r ave r sed .  

All drugs  e x c e p t  P G  D2 were  a d r m m s t e r e d  ~ntraperl tone-  

T A B L E  2 

EFFECT OF SEROTONERGIC AND NORADRENERGIC DRUGS ON lag 
D~-INDUCED CATALEPTIC BEHAVIOR 

PG D2 
(Incidence of Catalepsy) 

Dose 
Drug (mg/kg) 2 nmol 50 nmol 

Sahne 2/10 10/10 
PCPA 300 - -  0/107 
5-MDMT 3 4/8 - -  

5 8/8? 7/8 
5-HTP 10 4/7 - -  

30 6/7* - -  
100 - -  8/8 

Im~pram~ne 10 4/6 - -  
20 8/9? 8/8 

Clom~pram~ne 10 5/7* - -  
20 7H~" 8/8 

Phenoxybenzam~ne 10 3/8 8/8 
Propranolol 10 4/8 7/8 

Incidences are shown as numbers of cataleptic animals/numbers 
of ammals tested *l"S~gmficant d~fferences from control at p < 0  05 
and p < 0  01, respectively 

ally (IP) and  ~n a vo lume  of  1-2 ml/kg. 
Stat is t ical  ana lyses  were  c a m e d  ou t  by  the  two tai led 

F~sher ' s  exac t  probabi l i ty  test .  

Drugs 

P G  D2 ( F u n a k o s h 0 ,  p - c h l o r o p h e n y l a l a m n e  (PCPA) 
(S~gma), 5 -methoxy-N,N-d~methy l t ryp tam~ne  (5-MDMT) 
(S~gma), L-d~hydroxypheny la lan ine  (L -DOPA)  (Dauchl  
Chemica ls ) ,  amantad~ne h y d r o c h l o n d e  (Fuj~sawa) and  
phenoxybenzam~ne  h y d r o c h l o n d e  (Tokyo Chemica l s )  were  
s u s p e n d e d  m 0.5% ca rboxymethy lce l l u lo se  sod ium solut ion.  
Im~pramlne h y d r o c h l o n d e  (C~ba-Ge~gy), a p o m o r p h l n e  hy- 
d r o c h l o n d e  (Fuj~sawa), p roprano lo l  hyd roch lo r lde  (Sigma),  
a t rop ine  sulfate (Merck)  and  clom~pram~ne (Clba-Ge~gy) 
were  d~ssolved ~n 0 9% physiological  s ahne  
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RESULTS 

Effect of PG D~ on Spontaneous Motor Acttvtty 

Spontaneous motor activity, ambulation, was measured 
at several time intervals after a single ICV administration of 
PG D~ or vehicle. As Fig. 1 shows, spontaneous locomotor 
activity after PG Dz was not significantly dtfferent from that 
after vehicle. Furthermore,  stereotypy, aggressive behavior 
or rigidity were also not found, but marked hypenrrl tabihty 
characterized by squealing and startling responses to stimuli 
such as touch or a puff of air in home cage was observed. 

PG D~-lnduced Cataleptic Behavior 

As shown in Fig 2, ICV injections of PG D~ induced 
dose-related increase of  cataleptic behavior The incidences 
of this behavior at doses of  0, 2, l0 and 50 nmol/anlmal of  PG 
D2 one hour after administration were 0, 20, 60 and 100~, 
respectively, and this effect persisted for more than 6 hours. 

Influences of  Various Drugs on PG D~-lnduced 
Cataleptic Behavior 

For  observation of  the influences of  various drugs on PG 
D2-induced cataleptic behavior, cataleptic behawor was 
measured 1 hour after ICV administration of  PG D~. As 
shown in Table 1, the incidences of cataleptic behavior with 
doses of 2 nmol and 50 nmol of  PG D2 were 20% and 100%, 
respectively S~multaneous treatments with L-DOPA (50- 
100 mg/kg), apomorphine (0.5-1 mg/kg) and amantadme 
(0 l -0  4 mg/kg) reduced the incidence of cataleptic behavior 
~nduced by 50 nmol of PG D~ dose-dependently.  It is 
noteworthy that the effective dose range of amantadine was 
very low Atropine (0 5 mg/kg) also significantly reduced the 
inodence of cataleptic behavior No abnormal behavior in 
home cage was observed after these treatments by these 
drugs Apomorphine produced a stereotyped behavior such 
as discontinuous sniffing 

Treatment w~th PCPA (300 mg/kg) 72 hours before treat- 
ment with 50 nmol of  PG D2 slgnLficantly reduced the inci- 
dence of catalepsy, but simultaneous treatment with 
5-MDMT (5 mg/kg), 5-HTP (100 mg/kg), lmipramlne (20 
mg/kg) or clomipramine (20 mg/kg) had little effect (Table 2) 
On the other hand, the simultaneous treatment with 
5-MDMT (3-5 mg/kg), 5-HTP (10-30 mg/kg), imlpramlne 
(10-20 mg/kg) or clomlpramme (10-20 mg/kg) dose- 
dependently increased the incidence of cataleptic behavior 
reduced by 2 nmol of PG D2 Simultaneous treatment with 
phenoxybenzamlne (10 mg/kg) or propranolol (10 mg/kg) 
rarely affected the incidence of cataleptic behavior induced 
by either 2 nmol or 50 nmoi of PG D2 

DISCUSSION 

In this work, we injected PG D2 ICV, because PGs do not 
readily penetrate into the central nervous system when they 
are injected systemically [8] and they are rapidly inactivated 
in the pulmonary circulation [6,20]. 

ICV admlmstration of PG D2 had dose-dependently ex- 
hibited cataleptic behavior In the meanwhile, any sedative 
effect of PG D~ was not detected as judged by measuring the 
effects of  PG D~ on spontaneous locomotion in open-field 
tests. This observation in the motor activity was not in ac- 
cordance with several reports [7,12]. Forstermann et al [7] 
reported that ICV administration of PG D~ reduced spon- 
taneous motor activity measured continuously .using an 

Anmaex electronic mobility meter set at maximum sensitiv- 
ity. This difference might be due to the use of  different 
methods of  testing. In fact, PG D2 induced hyperactive re- 
sponses of external stimuli such as noise and touch ~n home 
cage. When cataleptic behavior had once been induced, 
however,  the animals mmntalned an unnatural posture as 
long as stlmuh were not applied. 

Catalepsy is known to be induced in several species by 
neuroleptics. From the view point of brain dopamme system, 
this catalepsy is chiefly due to blockade of dopamme recep- 
tors m the mgrostnatal  system In the present studies, 
L-DOPA and apomorphlne significantly suppressed the 
cataleptic behavior. Furthermore,  amantadlne, a dopamlne 
releaser and dopamme-receptor  agomst, was significantly 
inhibitory at a dose as low as 0 2 mg/kg Accordingly, PO D2 
might be involved m producing cataleptic behavior mainly by 
lowering the activity of  dopamlne neurons and suppressing 
dopamine release from neuronal terminals 

Chohnergic functions are also known to be involved in 
catalepsy induced by neuroleptics [13,35]. Klemm [10] pos- 
tulated that catalepsy is due to modifying an interaction be- 
tween cholmergic and dopamlnergic systems. Since 
dopamlne is generally thought to act as an inhibitory neuro- 
transmitter in the stnatum [24] that might be a main part in 
promotion of cataleptic behavior,  the dopammergic system 
may prevent the cataleptic behavior by inhibiting the 
chollnerglc system in the striatum. In this work, atropine 
inhibited PG D2-1nduced cataleptic behavior. Moreover,  
other types of PG E and F series administered ICV as well as 
pilocarplne IP produced weak cataleptic behavior In rats 
compared with haloperldol The pllocarplne-induced behav- 
ior was potentiated by PG F2~ ICV [16]. Therefore, PGs 
including PG D2 seem to participate in dopaminerglc- 
chohnergic interaction and the development of cataleptic be- 
havior. 

Recently, a specific PG D2-blndlng protem was found in 
the synaptic membrane fraction of  rat braan [23,28]. Fur- 
thermore, Yamashita et al [34] examined the localization of 
[aH]PG Dz-blndlng protein and observed no significant bind- 
ing in the stnatum. Thus, PG D~-induced cataleptic behavior 
may be manifested via some neuronal system to the striatum. 

The central serotonergic system acts as an inhibitory con- 
trol to the mgro-striatal dopaminerglc pathway [19]. 
Neuroleptics-induced cataleptic behavior also apparently 
depends on the balance between dopammergic and 
serotonerglc systems [5]. In the present studies, PG Dz- 
induced cataleptic behavior, at a dose of 50 nmol, was signif- 
icantly inhibited by PCPA, an inhibitor of  serotomn synthe- 
sis In addition, a dose and treating schedule of PCPA hereby 
used elicited 90% depletion of serotonin concentration in rat 
brain with no influence in catecholamine [11], while PG Dz (2 
nmol)-lnduced cataleptic behavior was potentiated by 
serotonergic drugs such as 5-HTP, 5-MDMT, imlpramIne 
and clomlpramine Thus, unlike catalepsy induced by 
neuroleptics, changes in the activity of serotonm neurons are 
apparently important in the manifestation of PG D2-induced 
cataleptic behavior Bhattacharya and Parmar [3] had shown 
that PG D2 potentiated hexobarbltone hypnosis by enhancing 
serotonln turnover in rat brain. 

PG D2 probably exerts its cataleptic effect by modulating 
dopamInerglc, chohnergic and serotonergic neurotransmls- 
sions This PG Dz-lnduced cataleptic behavior may be asso- 
ciated with increased chollnergic and serotonerglc activities, 
and reduced dopamInerglc activity in rat brain. Imipramme 
and clomipramlne inhibit norepinephrlne uptake as well as 
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se ro ton ln  up take  H o w e v e r ,  cen t ra l  noradrenerg~c func t ions  
may  no t  be  m v o l v e d  in P G  Dz-induced ca ta lepsy ,  b e c a u s e  
th is  ca ta lep t ic  b e h a v i o r  was  no t  af fected by  p h e n o x y b e n -  
zamine  or  p roprano lo l .  

In  conc lus ion ,  these  resul ts  sugges t  a poss ib le  ~nvolve- 
m e n t  o f  P G  D~ to se ro tonerg lc  sys tem wi th  cent ra l  
d o p a m m e r g l c  and  chollnerg~c s y s t em s  in the  induc t ion  o f  
cata lepUc behav io r .  
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