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HARA, C , S WATANABE AND S UEKI Effect~ oJ psvchotroptc drugs mwromdected mto the hvpothalamus on 
murtcMe catalepsy and cortical EEG m OB rats PHARMACOL BIOCHEM BEHAV 18(3)423-431, 1983 - - In  order to 
eluodate the mechanism of antl-mUnclde action of psychotroplc drugs In the brain, the present study examined influences 
of these drugs mlcromjected Into the hypothalamus on munctde Inhibition of munclde by chlorpromazlne (CPZ) was round 
both m the lateral preoptlc area (1-POA) and the posterior part of the lateral hypothalamus (p-LH), and that by chlor- 
dlazepoxlde was seen only the mammdlary body These effects were accompanied by a drowsiness of cortical EEG 
Antl-muncide action of trlcychc antidepressants was found m p-LH The effect was not accompanied by EEG drowsiness 
Effects of atropine injected into the hypothalamus on munclde and cortical EEG were similar to those of the antidepres- 
sants Norepmephrme and serotonm did not show selective munclde-suppression Although rather CPZ m I-POA and p-LH 
or the antidepressants m p-LH showed cataleptogemc effect, these effects did not appear related to antl-mUnclde action 
The relanonshlp between the antl-munclde action of psychotroptc drugs and the physiological functmns of the brain was 
discussed in comparison w~th these systemic administrations 

Psychotroplc drugs Atropine Blogenlc amine OB rat Murlclde Catalepsy Cortical EEG 
Hypothalamus Mlcromjectlon 

T H E  present  s tudy was designed to elucidate the site and 
mode of  act ions o f  psychotroplc  drugs In the brain using a 
mouse-kil l ing behavior  (munclde)  o f  the olfactory bulbec-  
tomized rat (OB rat) as an indicator of  drug action The OB 
rat exerts  hyperemot lonal i ty  including murlclde Malick [15] 
reported that the OB rat would appear  to be a bet ter  model  
for screening psychotroplc  drugs Indeed,  the hyperemo-  
tional syndromes  including murlclde are suppressed by pe- 
ripheral t rea tments  of  these drugs In particular,  ant idepres-  
sants inhibited only murlcide without  changing the o ther  
emotional  syndromes  [10, 14, 19, 26] Accordingly ,  antide- 
pressants  seem to inhibit muriclde select ively rather than 
neurolept lcs  and anxlolyt lcs  The difference be tween  antide- 
pressants  and the o ther  psychotropic  drugs in the anti- 
muriclde actmn,  however ,  is unknown 

On the o ther  hand, murlclde of  the OB rat is Inhibited by 
the amygdalold lesion [6] When testing rats known to be 
innately murlcldal,  ~t was found that ant idepressants  injected 
into the amygdala  blocked murlclde immediately ,  while 
ch lorpromazine  (CPZ) had no effect until after I hr and the 
inhibition of  munc ide  by the drug could have been due to the 
accompanying  ataxia and genral ized sedation [11] Watanabe 
et al [27] showed that CPZ and chlordlazepoxlde  (CDP) 

injected into the hmblc structures of  the OB rat did not  show 
any effects,  while ant idepressants  significantly inhibited 
murlclde when the drugs were  injected into the medial  
amygdalold nucleus without causing any other  behavioral  
changes Thus,  a select ive act ion of  ant idepressants  on 
murlclde of  the OB rat in contrast  to neuroleptlcs  and 
anxlolyt lcs  may depend on different sites of  action of  these 
drugs m the brain Howeve r ,  there has been no report  of  
study on the site of  antl-murlclde action of  psychotroplc  
drugs in the o ther  brain areas with except ion  of  the hmblc 
structures,  and on the physiological  mechamsm of  the act ion 
In the bram 

On the o ther  hand, murlclde relates with many physiolog- 
ical functions in the brain, 1 e , emot ion,  motion and arousal  
level,  etc If  one of  these funct ions Is deficient,  it may lead to 
disappearance of  murlclde For  instance,  most  psychotroplc  
drugs adminis tered peripheral ly can lead animals to sedation 
and drowsiness  Moreover ,  neuroleptlcs  t reated peripheral ly 
induce catalepsy in animals Accordingly  these effects may 
be components  of  ant l -muncide  action with psychotropic  
drugs Thus,  there  is difficulty in judging the drug specificity 
on murlclde from behavioral  tests 

The present  s tudy has a t tempted to elucidate the site and 
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mode of actions of  psychotroplc drugs using the mlcrolnjec- 
tlon technqme in the hypothalamus which is known to play a 
very important role m regulating emotional behavior This 
study consists of  2 parts The first part examined the 
possibility of a s~te of anti-munclde actmn of these drugs in 
the hypothalamus The second part tested the EEG and 
cataleptogemc effects of these drugs administered either 
intrahypothalamically or peripherally in order to clarify the 
mechanism ofan t lmunode  action of these drugs in the brain 

EXPERIMENT 1 

METHOD 

Ammal~ and Apparatu~ 

Male Wlstar-Klng A strata rats supplied by Kyushu Um- 
versity Institute of Laboratory Animals, weighing 200-250 g 
at the beginning of the experiment, were employed as sub- 
jects The animals were housed in groups of 4 animals each, 
maintained in an air conditioned room with an artificial 12 12 
LD cycle (lights on 7 00-19 00) and given food and water ad 
lib After the olfactory bulbectomy, the ammals were housed 
in individual cages (23 ×20×20 cml 

A sound-attenuated wooden box (126×37×45 cm) in 
which the individual cages were placed, was used in the 
experiment The box was dlummated with two l0 watt 
fluorescent lamps and forcedly ventilated during the experi- 
ment The behavior of each animal was observed through the 
window of the box 

Drug s 

The drugs used in the present study and their abbre- 
viations are as follows chlorpromazlne hydrochlonde 
(CPZ) chlordlazepoxlde hydrochlorlde (CDP), lmlpramme 
hydrochlorlde (IMP) amt~rlptyhne hydrochloride (AMT), 
atropine sulfate tAt), norepmephrlne bltartrate (NE) and 
5-hydroxytnptamlne creatlnme sulfate (5-HT) The doses 
which did not induce abnormal behaviors (e g ,  convulsion) 
in the preceding study [27] were used in this study and ex- 
pressed in terms of the quantity of salt form The drugs were 
dissolved in distilled water, and proper quantity of sodium 
chloride was added to make an isotonic solution The drug 
treatment was performed on a randomized basis 

OlJa~ torx Bulbec tom~ 

The day before the olfactory bulbectomy, the animals 
were transfered to the lndwidual cages After the lndwldual 
housing for 24 hr muncide test was performed by putting a 
white male mouse into the cage Only animals which d~d not 
show muncide within 30 mm after introducing a mouse into 
the cage were selected and subjected to olfactory bulbec- 
tomy The olfactory bulbs of these ammals were bilaterally 
removed by sucttonlng under pentobarbltal anesthesm (45 
mg/kg, IP) The ammals which showed muriclde within 2 
weeks after the olfactory bulbectomy and kdled a mouse 
w~thm 1 mm m the munclde test were subjected to the 
surgery for the guide-cannula ~mplantation 

Cannulation 

The gmde-cannula was constructed of stainless steel can- 
nula of 0 7 mm in outer dmmeter and 15 mm in total length 
The guide cannulas were bilaterally implanted into one of the 
11 regions within the hypothalamus for each animal under 

pentobarb~tal anesthesia according to the de Groot brain 
atlas [2], and fixed to the skull with dental cement together 
with two screws driven into the skull The stereotaxic coor- 
dinates and abbreviations of the cannula-lmplanted positions 
were as follows lateral preoptlc area (1-POA, A 7 6, L 2 5 
H - 1  3), medial preoptlc area (m-POA, A 8 2, L 2 0, 
H - 1  0 and A 77,  L 0 9  H -1  0), anterior part of the 
lateral hypothalamus (a-LH, A 7 0 L I 7 H - I  5), middle 
part of the lateral hypothalamus (m-LH, A 6 0 L 1 7 
H - 1 5), posterior part of the lateral hypothalamus (p-LH, 
A 5 0, L I 3 H - 2  0), anterior hypothalamlc area (AHA 
A 6 8, L 0 7 H -1  5) ventromedlal hypothalamus (VMH, 
A 5 7, L 0 6, H - 2  5) dorsomedlal hypothalamus (DMH, 
A 5 4, L 0 6, H - 2  0), posterior hypothalamus (PH A 4 5 
L 07  H 20) ,andmammll la ry  body(MB, A 4 0  L 05  
H - 3  1) 

Drug Inlet lloll~ 

Five days after the lmplanatatlon surgery, the animals 
were handled everyday with the same manner as the mampu- 
latlon of the drug rejection Ten days after the surgery, the 
munc~de test for I mln was performed again In the test 
animals which revealed munclde within l mln were selected 
for the drug mject~on experiment The drug test was started 
at Day 14 after the implantation surgery In the drug test one 
/zl drug solution was bilaterally rejected through an injection 
cannula The injection cannula was made of the stainless 
steel cannula of 0 35 mm in outer dlamter and protruded in a 
length of 0 5 mm from the tip of the gulde-cannula The 
inject|on cannula was connected to polyethylene tubing 
(PE-10) attached to a l0/xl mlcro-synnge In case of repeat- 
lng drug mject~on in the same animal, the interval between 
rejections was more than 2 days On the experimental day, 
the animals received bilateral saline InJections I hr before the 
drug test At 3, 5, l0 and 15 mln after saline treatment, the 
murlclde test was repeated Only the animals in which 
murlcide was not inhibited by sahne were used in the drug 
test In the drug test the murlclde test was performed with 
the same manner as sahne treatment When murlclde was 
inhibited within 15 mln after drug rejection, the murlclde test 
was continued at intervals of 30 mln until reappearance of 
murlclde Then, the same animals were reJected unilaterally 
with the drug showing antl-murlcide effect in order to con- 
firm the drug effective szte exactly Moreover because of the 
possibility for disruption of effectiveness of the drugs on 
murlclde by repeating drug-injection the positive drugs were 
occasionally retested m the same animal during the experi- 
mental period When the drugs ceased to inhibit murldlce 
the animals were suspended from the experiment Accord- 
ingly each animal was not always administered all of the 
drugs used in this study 

( oHlto[ ,$llldv 

Since there is the possibility for non-specific stimulation 
effect of the experamental mampulatlon on the drug-injection 
site, both dose-response relationship and influence of local 
pH change were investigated The local pH change experi- 
ment was performed by using sahne with pH 3-6 

Hlstolo~ 

Terminating the experiment animals were injected w~th 
10°A Formalin solution through the carotid artery under 
ether anesthesia After the brain was removed and 



M U R I C I D E  A N D  P S Y C H O T R O P I C  D R U G S  425 

T A B L E  1 

INCIDENCE OF ANIMALS SUPPRESSED MURICIDE BY VARIOUS DRUGS 
MICRO-INJECTED INTO THE H Y P O T H A L A M U S  

Drugs 

Brain CPZ CDP IMP AMT At NE 5-HT 
Regions Sahne (50/.tg) (50/zg) (30/zg) (30 p~g) (20/xg) (30 p.g) (20 p.g) 

I-POA 0/7 6/7t 0/7 2/5 0/5 2/5 2/7 0/5 
m-POA 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
a-LH 0/7 1/7 0/7 2/5 0/5 0/5 0/5 0/5 
m-LH 0/5 0/5 0/5 0/5 1/5 0/5 0/5 0/5 
p-LH 0/14 8/145 0/7 4/8? 4/10" 4/12" 4/10" 0/5 
AHA 0/5 0/5 0/5 1/5 0/5 1/5 3/5 1/5 
VMH 0/6 0/6 2/5 0/5 0/6 2/5 1/5 0/5 
DMH 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
PH 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
MB 0/9 0/5 7/9? 2/5 0/5 2/8 0/5 1/5 

*p<0 05, ?p<0 01, :p<0 001 significantly different from sahne treated group (Fisher exact probabdIty 
test, one-tailed) 

Numbers represent the number of the animal with disappearance of munode/the number of the tested 
ammal 

preserved  in the Formahn solution for 7 days,  the frozen 
frontal sect ions were  sliced at 50/.~ throughout  the implan- 
tation site and stained with cresyl violet  The locat ion of  the 
cannula tips and extent  of  the olfactory bu lbec tomy were  
verified histologically The data  from the animals in which 
the cannula  was not located at the appropna te  region was not 
adopted 

Data Analvsl~ 

The statistical evaluat ion was based on Fisher  exact  
probabili ty test [22] in compar ison  be tween  drug and sahne 
treated animals 

RESULTS 

The effects o f  drugs injected into the hypothalamlc re- 
gions on murlclde are shown Ill Table  1 Inhibition o f  
murlcide by CPZ (50/zg) was found both in I-POA and p - L H  
The inhibitory effect  appeared within 5 mln after the treat- 
ment  and lasted for 0 5 or  1 hr These  animals became se- 
dated and kept still in their  cages fol lowing the t reatment  
They also revealed ptosls Since the animals could easily 
escape  the touch of  the exper imente r ' s  hand when murlclde 
was inhibited, CPZ did not appear  to induce ataxla 

Inhibition of  munc lde  by CDP (50 /xg) was found only 
when injected Into MB When murlclde was inhibited, the 
animals became sedated and kept still In their  cages similar 
to CPZ Their  cannula  tips were located more closely to the 
mammll lo thalamlc  tract CDP did not appear  to produce 
ataxla similar to CPZ 

Inhibition of  murlclde by IMP and A M T  (30 /xg) was 
found in p - L H  When muricide was inhibited, the animals 
became hyperact ive  and showed reanng and sniffing in con- 
trast to CPZ and CDP 

The inhibition by At (20 p~g) was found in p - L H  When 
murlclde was suppressed,  the animals became  hyperac t ive  
and revealed rearing and sniffing similar to the antidepres- 

T A B L E  2 
DOSE-RESPONSE RELATIONSHIPS  OF DRUGS MICRO-INJECTED 
INTO THE POSTERIOR PART OF THE L A T E R A L  H Y P O T H A L A M U S  

ON MURICIDE OF OB RATS 

Incidence of Ammals Suppressed Munode 

Dose 

Drugs 5/xg l0/xg 20/xg 50/xg 

CPZ 0/5 2/5 5/5 
IMP 0/5 3/5 5/5 * 
At 1/4 4/4 

*Was not tested because of motor seizure 

sants They also showed exophtha lmos  The posit ive regions 
both on murlclde and the behavioral  changes In the At treat- 
ment  corresponded well to those of  the ant idepressants  

Inhibition of  munc lde  by N E  (30/xg) was found in p -LH 
When murlclde was Inhibited, the animals showed paralysis 
of  their hind limbs and hypervent l la t lon Accordingly,  the 
murlclde inhibition by N E  did not appear  to be specific on 
murlclde 

The Inhibition by 5-HT (20/zg) was not found in any hypo- 
thalamlc regions 

In order  to investigate the possibility for nonspeclfiC 
stimulation effect  with the exper imental  manipulat ion.  
dose-response relationships of  the posit ive drugs for 
munc lde  and influence o f  local acid-base composi t ion  on 
munc lde  were  examined in p -LH where many drugs showed 
antlmurlclde act ion In the exper iment ,  CPZ,  IMP and At 
were used The results are shown in Table 2 These  drugs 
appear  to show dose-dependent  inhibition on murlclde 
Howeve r ,  animals injected with CPZ at doses over  70 /xg 
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developed motor seizure within a few mln after the injection 
Similarly, IMP and At injections at doses over 40 p.g 
produced hyperactivity which was followed by a slowly de- 
veloped motor seizure 

To control for changes of the local acid-base composition 
in the drug-injected regions, saline with pH 3-6 were used 
The treatment did not affect murlcide in any hypothalamic 
regions 

EXPERIMENT 2 

The first expenment showed that there was a site of anti- 
munclde action of psychotroplc drugs in the hypothalamus 
Therefore, in order to elucidate the mechanism of antl- 
murlcide action m the hypothalamus, EEG and catalep- 
togenlc effects of these drugs were examined in Experiment 
2 This study consists of two parts as follows the first part is 
on relationship between munclde and EEG, and the second 
part is on relationship between munclde and catalepsy 

METHOD 

Antmal~ 

Male Wistar-King A strain rats were used as subjects 
similar to Experiment 1 

EEG Electrode and c annulatton 

The animals which showed murlcide within two weeks 
after the olfactory bulbectomy and killed a mouse within one 
rain, were implanted with the cortical electrode and guide- 
cannula The bipolar electrode for cortical EEG recording 
consists of a twisted pair of insulated stainless steel wires 
(0 2 mm in diameter) The gmde-cannula was constructed of 
an ,nsulated stainless steel cannula of 0 7 mm in diameter 
and 15 mm in total length, and was attached to a EEG lead 
wire The cannula was Insulated, with the exclusion of 0 5 
mm from the cannula tip in order to record EEG from the 
drug-inJection site The cortical electrode was placed on the 
frontal cortex The cannula was bilaterally implanted into 
I-POA, p-LH and MB according to the de Groot atlas [2] 
Electrode and wires from the cannulas were connected to 
the pros of a small socket They were fixed to the skull with 
dental cement together with two screws driven into the skull 
EEG both from the frontal cortex and the InJection site were 
recorded on a polygraph (Nlhon Koden) EEG from the can- 
nula tip was monopolarly recorded against the screw driven 
Into the skull as the ground electrode Effect of drugs on 
EEG was judged on a basis of appearance of  the drowsy 
pattern in the cortical EEG (high voltage slow waves or 
spindle burst w~th Intermingled high-voltage slow waves) 

Procedure 

The procedure In this study was similar to that outlined 
for Experiment 1 The experiment was performed in the ob- 
servation box (20×20×25 cm) which was placed in a sealed 
box The behavioral observation was performed through the 
window of the box Animals were adapted to the observation 
box for at least one hr The animals were injected with saline 
bilaterally one hr before the drug-inJection At 3, 5, 10 and 15 
mln after saline treatment, both the murlclde test and EEG 
recording were simultaneously performed Only animals that 
were not affected by saline and for which EEG could be 
stably recorded, were used in the drug test Drugs were used 
in this study as followed CPZ, CDP, IMP, AMT and At 

Doses were determined in reference to Experiment 1 The 
drug test was carried out according to the same procedure as 
sahne treatment When murlcide was suppressed by the drug 
treatment, the muncide test and EEG recording were suc- 
cessively performed at intervals of 30 rain until reappearance 
of murlclde In order to clarify the relationship between the 
antl-muricide and EEG effects of the drugs, the animals 
which exhibited suppressed murlcide by the drug treatment. 
were exposed to only the EEG recording without the 
muricide test Terminating the mlcrolnjectlon experiment. 
influence by the IP treatment of the drugs on murxclde and 
cortical EEG were examined Doses used in this study were 
ED~o of each drug showing murlclde-inhlbltlon [4.14.19.26] 

Cataleps~ 

In the experiment examining relationship between 
murlclde and catalepsy, the animals with gulde-cannulas m 
I-POA or p-LH were newly prepared The procedure was 
similar to the EEG experiment The catalepsy test was per- 
formed just after the murlcide test The presence of 
catalepsy was estimated as cataleptic if animals retained for 
30 sec the imposed abnormal position placing both frontal 
limbs over the horizontal bar 

At termination of the experiment, the location of the can- 
nula tips were verified histologically The data from the 
animals in which the cannula was not located in the three 
hypothalamic regions was discarded The statistical evalua- 
tion was based on Fisher exact probability test [2] similar to 
Experiment 1 

RESULTS 

EEG E~peHment 

Comparison between the lntrahypothalamlc and periph- 
eral admlmstrations of psychotroplc drugs on murlclde and 
cortical EEG is shown in Table 3 In the case. the effects on 
EEG were expressed as incidence of rats which showed a 
drowsy pattern of cortical EEG accompanied by murlcide 
suppression Table 4 shows effects of drugs administered 
mtrahypothalamlcally on cortical EEG without the muriclde 
test In the table, numbers represent Incidence of rats with 
drowsiness when the EEG recording was performed accord- 
lng to the same manner as the murlcide test without introduc- 
ing a mouse into the box 

Saline did not evoke either murlcide suppression or in- 
duction of the EEG drowsiness In this case. the cortical 
EEG revealed the arousal pattern with low voltage waves 
during the test period from 3 to 15 min after the saline treat- 
ment 

Chlotptomazme 

CPZ (50 p.g) revealed antl-muriclde action when injected 
into I-POA and p-LH as mentioned in Experiment 1 The 
anti-murlcide action by CPZ was accompanied by drowsi- 
ness in the cortical EEG (Table 3) The typical EEG record 
from a rat with CPZ In p-LH is shown in Fig 1 The cortical 
EEG observed in most animals was the drowsy pattern with 
spindle burst intermingled with high voltage slow waves 
This EEG pattern appeared corresponding to the duration of 
the muriclde suppression from one mm after the drug inJec- 
tion When EEG recording was performed without the 
muriclde test, CPZ obviously evoked the drowsy pattern 
(Table 4) In addlhon, CPZ (5 mg/kg, IP) also induced the 
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T A B L E  3 

INCIDENCE OF THE ANIMALS WITH MURICIDE SUPPRESSION AND THE 
DROWSINESS IN THE CORTICAL EEG INDUCED BY PSYCHOTROPIC DRUGS 

MICRO1NJECTED INTO THE HYPOTHALAMUS OR ADMINISTERED PERIPHERALLY 

Drugs (/xg//xl) Saline 

Intrahypothalamlc Administration 

CPZ CDP AMT IMP At 
(50) (50) (10) (10) (10) 

I-POA 
Murlclde suppression 0/6 6/6? 1/4 0/5 2/5 0/5 
EEG drowsiness 0/6 5/6? 1/1 4/5* 2/2 - -  

p-LH 
Muncide suppression 0/9 9/9¢ 2/7 5/6~ 3/8 5/7? 
EEG drowsiness 0/9 8/9? 2/2* 2/5 1/3 1/5 

MB 
Munclde suppression 0/6 1/5 6/6? 3/4* 2/4 1/4 
EEG drowsiness 0/6 1/1 5/6t 2/4 2/2 I/1 

Drugs (mg/kg, IP) Saline 

Peripheral Administration 

CPZ CDP AMT IMP At 
(5) (10) (20) (10) (5) 

Munode suppression 0/10 8/85 6/8f 6/9+ 7/127 8/11? 
EEG drowsiness 0/10 7/85 5/6f 2/6 0/7 7/8~ 

*p<0 05, ?p<0 01, ~p<0 001 significantly different from saline treated group 
(Fisher exact probabdlty test, one-tailed) 

In muricide suppression, numbers represent the number of the animal with disap- 
pearance of munclde/the number of the tested animal, and, in EEG the numbers 
express the number of the animal with the drowsiness/the number of the animal with 
disappearance of munclde 

T A B L E  4 

INCIDENCE OF ANIMALS WITH THE DROWSINESS IN THE 
CORTICAL EEG INDUCED BY PSYCHOTROPIC DRUGS 

MICRO-INJECTED INTO THE HYPOTHALAMUS WITHOUT THE 
MURIC1DE TEST 

Drugs CPZ CDP AMT IMP At 
Dose (p.g/p.I) Saline (50) (50) (10) (10) (10) 

I-POA 0/6 5/6* 1/4 4/5* 1/5 4/4* 
p-LH 0/6 10/105 2/9 4/8* 2/10 1/9 
MB 0/6 2/3 5/6? 2/4 3/4* 2/4 

*p<0 05, ?p<0 01, ~p<0 001 significantly different from saline 
treated group (Fisher exact probability test, one-tailed) 

Numbers represent the number of the animal with the drowsiness/ 
the number of the tested animal 

E E G  drowsy pat tern accompamed  by murlclde inhibition 
(Table 3) 

Chlordtazepoxtde 

CDP (50/xg) significantly inhibited munc lde  m MB as men- 
t loned in Exper iment  1 The inhibition of  m u r l o d e  by CDP 
was accompanied  by the E E G  drowsy pat tern with h~gh 
voltage slow waves  (Table 3) The  durat ion o f  m u n o d e  sup- 
press lon cor responded  to that o f  the E E G  drowsiness  When 
E E G  recording was carr ied out without  the munc~de test,  

CDP could induce the drowsiness  m MB (Table 4) 
Moreover ,  CDP (10 mg/kg, IP) showed the ant l -munclde ac- 
tion and s~multaenously evoked  the drowsiness  m the corti- 
cal E E G  (Table 3) 

Trtc ychc Antidepressants 

A M T  sigmficantly inhibited munc lde  when injected into 
p - L H  and MB,  whereas  IMP inhibited only In p-LH,  but  the 
effect was not statistically s~gmficant (Table 3) When  
muriclde was mhlbIted by ant idepressants ,  the ammals did 
not  exer t  the drowsiness  in the cort ical  E E G  A typical E E G  
record f rom the ammals is shown in Fig 2 When E E G  re- 
cording was per formed without  the munc ide  test,  A M T  m 
1-POA and p -LH,  and IMP m MB slgmficantly induced the 
drowsiness  (Table 4) In the peripheral  administrat ion,  these 
drugs (10 mg/kg, IP) did not  reduce th drowsy pattern even  
though munc lde  was inhibited by the drugs similar to the 
mtrahypothalamlc  administrat ion (Table 3) The ammals  
with ant idepressants  exer ted  explora tory  behaviors  slmdar 
to Exper iment  1 when munc ide  was inhibited by antidepres- 
sants 

Atropine 

At (10/zg) revea led  the ant l -munclde  act ion when injected 
into p - L H  When murlclde was inhibited by At,  the ammals  
did not show the drowsiness  in the cort ical  E E G  (Table 3) In 
addition, only the cort ical  E E G  of  the ammal  with At  m 
1-POA showed the drowsiness  when the E E G  recording was 
carried out wi thout  the murlclde test  (Table 4) 
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I 

15 m mouse 30 m recover 

RAT NO 66 
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D 

FIG 1 Effect ofchlorpromazlne (CPZ, 50/zg) injected into the postertor part ot the lateral hypothalamus (p-LH) on 
EEG A EEGjusI  after muncnde m the sahne treatment B and C EEG at 10 and 15 mm after the CPZ treatment 
when munclde was inhibited EEG showed the arousal pattern just after introducing a mouse and changed to the 
drowsy pattern lmmedmtely D EEG just after muncnde at 30 mm after the treatment when muncnde reappeared 
FC EEG from the frontal cortex, bl-LH EEG from the bilateral p-LH I-LH EEG from p-LH m the left hemes- 
phere, r-LH EEG from p-LH m the right hemesphere Vertical bar 200 #V horizontal bar, 3 sec 

In the  per iphera l  t r ea tmen t ,  mos t  of  an imals  with At (5 
mg/kg, IP) showed  the  d rows iness  in the  cort ical  E E G  when  
m u n c t d e  was Inhibi ted by the  drug (Tables  3 and 4) 

Catalepsy 

Table  5 shows  effects  of  CPZ,  I M P  and  At mlc romjec ted  
Into the h y p o t h a l a m u s  on  murlc lde  and  ca ta lepsy ,  and  the i r  
dose - r e sponse  re la t ionsh ips  In jec t ion  of  CPZ  into I-POA 
and p - L H  induced  b o t h  ant l -mur ic ide  and  ca ta l ep togemc  ef- 
fects  (Table  5) In I-POA, the an t l -mur lc lde  effect  by CPZ 
was dose -dependen t ,  bu t  the  ca ta lep togenlc  effect  was not  
Incndence of  ra ts  with  ca ta lepsy  was h igher  than  that  of  rats  
wi th  m u n c l d e  suppres s ion  In p -LH.  bo th  an t l -mur lc ide  and 
ca ta leptogemc effects by CPZ showed dose -dependency  The 
dura t ion  of  ca ta lepsy  did not  c o r r e s p o n d  with tha t  of  
mur ic lde  suppres s ion  bo th  in I-POA and p -LH,  and  the du- 
ra t ion  of  ca ta lepsy  was longer  than  tha t  of  murlc lde  sup- 
press lon  In jec t ion  of  I MP  into p - L H  showed  bo th  antl-  
m u n c i d e  and  ca ta lep togenlc  effects  (Table  5) The  antl-  
murlc lde  effect  of  I MP  was dos e - dependen t ,  but  the  
ca t a l ep togemc  effect  was  not  The  dura t ion  of  ca ta lepsy  did 
not  c o r r e s p o n d  wnth tha t  of  mur ic lde  suppress ion  In addi-  
t ion,  inc idence  of  ra ts  showing  d i s a p p e a r a n c e  of  m u n c l d e  
was h igher  than  tha t  of  ra ts  showing  ca ta lepsy  In j ec tmn  of  
At into p - L H  showed  ant l -mur lc lde  effect,  bu t  not  cata lep-  

T A B L E  5 

RELATIONSHIP  BETWEEN MURICIDE SUPPRESSION 
AND CATALEPSY INDUCED BY DRUGS MICROINJECTED INTO 

THE H Y P O T H A L A M U S  

Drugs CPZ 1MP At 
(/xg//xl) Sahne 20 50 10 20 5 10 

Munclde suppress]on 
I-POA 0/6 2/6 4/6 . . . .  
p-LH 0/6 2:5 '; '5 3J 5 5/5 1/4 4/4 

Catalepsy induction 
I-POA 0/6 5/6 5/6 . . . .  
p-LH 0/6 V5 4/5 2'5 2/5 0,4 0,4 

togenlc  effect  (Table  5) The  an tPmur lc lde  effect  showed  
d o s e - d e p e n d e n c y  

G E N E R A L  D I S C U S S I O N  

In o rde r  to e lucidate  the  site and  mode  of  ac t ion of  psv- 
chot rop lc  drugs  in the  bra in ,  the p re sen t  s tudy examined  
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RAT No Ilg 

B 
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FIG 2 Effect of Imlpramlne (IMP, 10/xg) injected into p-LH on EEG A EEG just after munode m the sahne 
treatment B and C EEG at 3 and 5 mln after the IMP treatment when munclde was inhibited EEG continued to 
show the arousal pattern after the IMP treatment D EEGjust after munode at 10 mm after the treatment See Fig 
1 legend for Abbrevtatmns 

effects of  the drugs on murlode of the OB rat by mlcroinject- 
mg the drugs into the hypothalamus 

Experiment i showed that inhibition of murlcide by CPZ 
was found both In I-POA and p-LH, and that by CDP was 
found in MB In addition, the inhibition by AMT and IMP 
was found in p-LH (Table 1) The interesting fact Is that 
these positive sites on munclde correspond to hypothalamic 
regions known to be Implicated with predatory aggression 
That is, chemical and electrical stimulations of LH can 
evoke munctde m the rat [1, 20, 23, 28] In the cat, quiet- 
biting attack results from electrical stimulation (ES) of 1-POA 
similar to that from LH [5] In addition, this attack elicited 
from LH is activated by ES of 1-POA [5] Thus. the positive 
sites of CPZ and antidepressants on murlclde in the present 
study correspond to these hypothalamlc regions The role in 
emotional behavior of MB in which inhibition of muriclde by 
CDP was found in this study is poorly understood Since this 
region is contained within the emotional circuit of Papez [21] 
and MB lesion Induce the animals to be gentle [6], MB may 
relate with aggressive behawor On the other hand, the re- 
sults from the control study showed that these actions de- 
pend on neither the non-specific mechanical stimulation ef- 
fect nor local change of the acid-base composition in the 
Injection site Furthermore, munclde of rats rejected with 
sahne was never prevented by repeated exposure to the 
munctde test This fact indicates that the antl-muncide ac- 
tion of the drugs observed m Experiment I did not depend on 
tolerance to killing Moreover, in spite of the data only from 

p-LH, the anti-murlcide action appears to show a dose- 
response relationship and to be an inverted U-shape on 
muricide because higher doses induced motor seizure (Table 
2) Therefore, the antl-murlclde actions of the drugs ob- 
served m Experiment 1 appear to be due to the direct action 
on these hypothalamlc regions and to be imphcated in the 
local physiological functions of the regions on the base of 
pharmacological properties with the drugs 

In contrast to antidepressants, Inhibition of munclde by 
CPZ and CDP has been considered to be due to the accom- 
panying ataxla and generalized sedation The results from 
Experiment 2 showed that, both in the lntrahypothalamlc 
and peripheral treatments, antl-murlclde action of CPZ and 
CDP is closely related to the drowsiness of the cortical EEG, 
whereas that of antidepressants is related to arousal (Table 3 
and 4) On the other hand, the peripheral treatment of  CPZ 
can induce catalepsy In the present study, inhibition of 
muncide by CPZ and IMP was accompanied by catalepsy 
(Table 5) The cataleptogenlc effect, however, did not appear 
to relate with the antl-murlclde action because the duratmn 
of catalepsy was different from that of muriode suppression 
and, additionally, the cataleptogenlc effect did not show 
dose-dependency in contrast to the antl-murictde effect (Ta- 
ble 5) In addition, It is known that sensory stimulation can 
exhibit locomotor responses in cataleptic rats with halopen- 
dol [16]  Therefore, antl-muriclde action by CPZ and 
IMP in the present study is not considered to depend on 
catalepsy The cataleptogemc effect observed in the present 
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study may reflect the blockade of dopammerg~c neurons as- 
cending through the hypothalamus because both CPZ and 
IMP possess dopamme receptor blocking action [3.18] and 
p-LH les~on induces catalepsy [12] 

The present study showed that the antl-munc~de achon 
by CPZ and CDP was due to the suppression of the brain 
arousal system In fact, both POA and LH m which mhtb~- 
t~on of  munc~de by CPZ was found m this study are well- 
known to play a very ~mportant role in the brain arousal 
system [7,25] On the other hand, the mechamsm of ant~- 
munclde action of CDP m MB. however, ~s unclear because 
relation between the emotional behawor and EEG m MB ~s 
unknown However,  it is known that ES of MB induces the 
behavioral excitation, 1 e ,  the reactions of altertness, orien- 
tation, searching and ~ flight" m the rabbtt [9] In addition, 
MB ~s suggested to make a behavioral contribution different 
from other hmb~c structures [24] In th~s study, the cannula 
t~ps w~th ammals showing munc~de suppression by CDP m 
MB were closely placed to the mammdlothalam~c tract 
(MTT) Comparing with the report that lesions of MTT d~s- 
rupt the behawor motivated by shock [24], relationship be- 
tween the ant~-munc~de and EEG effects of CDP m MB ob- 
served m th~s study ~s very interesting Accordingly. the re- 
sults from th~s study appear to suggest that a part of the 
hypothalam~c actwatlng system may ascend through MTT 
and inhibition of murlc~de by CDP may be due to inhibition 
of th~s pathway or suppression of MB function per se. al- 
though the actwat~on of the neocortex ~s produced not d~- 
rectly from the hypothalamus to the neocortex, but v~a the 
mldbram reticular formation [25] 

In contrast to CPZ and CDP, the antidepressants d~d not 
affect the cortical EEG when munc~de was suppressed (Ta- 
ble 3 and 4) The report that ant~dpressant selectwely lnh~b~t 
munc~de appear to be supported by th~s event On the other 
hand, the effect of antidepressants m the present study re- 
sembled well that of At It has been known that LH contains 
a chohnoceptwe component of innate system actwatmg 
murlc~de m the rat [1,23] Accordingly. ant~-munc~de action 
of  antidepressants may depend on the ant~chohnerg~c prop- 
erty w~th the drugs Th~s appears to be supported by the 
result of Experiment 2 (Table 3) that mh~bmon of munc~de 
by AMT was more potent than that of  IMP Because, antl- 
chohnerglc effect of AMT is stronger than that of IMP [17] 
However,  munc~de of the OB rat was mh~b~ted more po- 
tently by des~pramme mh~b~tmg NE re-uptake than by 
chlonmlpramme mh~b~tmg 5-HT re-uptake [29] In addtt~on, 
ES of the locus coeruleus suppressed munc~de, whereas that 
of the raphe nucleus did not mh~b~t tt [30] In th~s study, 
mject~on of NE into p-LH inhibited munc~de (Table 1) The 
effect, however, d~d not appear to be selective because it 
was accompamed by hmb paralys~s and hyperventdahon On 
the other hand, 5-HT did not affect munclde Therefore, 
although the monoamme re-uptake inhibition effect w~th an- 
tidepressants does not appear to be excluded completely 

from the ant~-munc~de components, the results from th~s 
study suggest that the antlchohnerglc effect w~th the drugs 
lmphcated m the ant~-murtclde action 

It ~s ~mportant to notice that the lntrahypothalam~c and 
peripheral treatments of antidepressants as well as At in- 
duced exploratory behawors when murtclde was mhlblted by 
these drugs Rather, mhlbttmn of munc~de by these drugs 
appears related to the arousal in the cortical EEG On the 
other hand, ES of p-LH [12.16] as well as that of the reticular 
formation [8] induce such behavtoral arousal These stlmu- 
lahons also mduce the EEG arousal and are accompamed by 
Impairment of the goal oremted behawor [8. 12, 16] There- 
fore, Inhibition of munclde by antidepressants and At may 
attribute to the hyperarousal accompamed by attention deft- 
clt. although the relationships between the chollnerglc sys- 
tem and murlclde and between the chohnerglc system and 
behavioral arousal are unclear The behavioral arousal ob- 
served in thts study may attribute to not only the elevahon of 
dopammerglc function based on suppressmg the chohnerglc 
pathway through the hypothalamus, but also the hyper- 
arousal based on actwatmg the hypothalamlc arousal system 

Another Interesting fact is that the peripheral treatment of 
At induced the behaworal arousal, but showed the drowsi- 
ness m the cortical EEG (Table 3) Thts phenomenon ~s 
well-known as dlssocmtlon between EEG and behavior [13] 
On the other hand the mtrahypothalamlc treatment of At 
exhibited the behavioral arousal as well as the EEG arousal 
These events may suggest that the behaworal change m the 
d~ssocmt~on phenomenon by At attributes to the ant~chohn- 
erglc effect m the subcortex, whale the EEG change is due to 
the effect on the reticular actwatmg system Thus, the d~s- 
socmtlon phenomenon of At appears to be able to explam the 
difference of the site of action in the bram 

In conclusion, the antl-munclde actions of CPZ and CDP 
closely relate to the suppression of the hypothalamlc actlvat- 
mg system, although the pharmacological mechanism re- 
mains unclear On the other hand. the result of antidepres- 
sants m the present study appears to support the reports that 
antidepressants as well as At selecttvely inhibit munclde 
However the present study proposed the possibility that 
inhibition of murlclde by anttdepressants and At attributes to 
attention deficit based on the behavioral and EEG arousal 
The pharmacological mechamsm of antl-munc~de action of 
the antidepressants appears to depend on the anhchohnerg~t. 
property, although the monoamme re-uptake inhibition ef- 
fect w~th the drugs can not be excluded completely from the 
antl-munc~de components 
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