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1) Permanent Occlusion of Bilateral Internal Car-
otid Arteries Produces Cognitive Deficits in
Two Learning Behavior Tasks
We investigated the effects of permanent bilat-
eral occlusion of the internal carotid arteries
(2ICAO) on the learning and memory performances
in rats to evaluate the permanent 2ICAO rats as a
model for vascular dementia (Fig.1). The learning
and memory performance was tested by s step-
through passive avoidance task and an 8-arm radial
maze task. Permanent 2ICAO decreased cerebral
blood flows in the cortex and hippocampus by 46.3
+3.3 and 21.1+4.6 %, respectively, when measured
at 15 min after occlusion. In the passive avoidance
task, the 2ICAO rats showed no impairment of
learning or of memory retention when tested 1h
after learning trial, while they showed a shorter
latency than sham-operated rats when tested 24 h
after learning trial. In the radial maze learning task,
the non-pretrained 2ICAO rats showed impairment.
The pretrained 2ICAO rats had no deficit in the
radial maze retention task but they showed impair-

ligated points

Fig. 1 Schematic drawing of the surgical operation
to ligate internal carotid artery. Arrows indicate the
parts of ligation. AC : arcus aortae ; CC : carotid
canal ; CCA : common carotid artery ; ECA : exter-
nal carotid artery ; ICA : internal carotid artery ;
PPA : pterygo-palatine artery.

ed performance when a 3-min delay was interposed
in the task (Fig.2) These results suggest that per-
manent 2ICAO is a useful animal model for studying
vascular dementia.
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Fig. 2 The effect of permanent 2ICAO on the learn-
ing in an 8-arm radial maze task. The learning test
were started 3 days after the operation. Each datum
represents as the mean = SEM. Open and closed
circles represent the data observed from sham (n=7)
and 2ICAO operated rats (n=10), respectively.

2. REEFLAEMERVAMEROHARDR (CR

ER-YiEA '
1) BHERENT v b O¥EBITEREECHT 2 U5

DRE

Wi i 3R MERA S ), MEDOWREICH 5152
Wi EOBMAHERE L L UERAINLTWS, —F,
o A SRR R E ) ReE 12 I3 IR MR 7 I L B DR T
PEET I EHRBEINTEY), MOlEHE2ET 5
HEN & 2eEs R o FEI NG, 22T, BBE
METFNEHA, WREOAETNVEMOFEREC
X3 BEMEEREF L 72, Wistar REEMET o | (13:88)
ZH, ¥ boULE Z— ) URREET CHBZEEENR %
KARER L 72, W% (0.3, 1.0 g/kg/day) 13 Fio 3
HETA & EBKT  THAKTHRSE L 72, 8 HHis
PR B E | B OBERZ T F COIERRE (1
HIESOGE) &S ATHT F T2 L 72 BB IR % e i
LT REIEBICHT 2 REERE L., HREEH
BHE K211 7 a YR oA —7> 74
— )V FERFEHAL, 15 SHDBERBTRICEL 7S 3 >~
Y] - 2B R U S EA ) TE R RE L 72, 5R
HIAKRE  KDOA--HEGEFRICT v P2 ANTS
SRR KK 2, 7 v P OB Z RE L 72,
MAERR R BIER | ATEYRBOE T 1%, MMALRRYI % PR
L, BB 21T - 72, ZORER, FWHE1~2 A
T, BB I3ATPAEE & W EH L R AR E)
FREINL, L L, BMmEHNCUYE 0.3-1.0g/kg #
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48, 158 - EREE 24 BEYRREITHSRM
L L TBRIMEL T 3, FERE T3l - %8
ICEELREE RS LT AR ) U HREROZEL
WEENTSH L5, A A £ scopolamine FHFE D
HEEELZRE T HEIH), ) HEROES
PEZLNDE, £I T, FRERTRBLEERANE
TN E L CHBEBIIRA AL v + (2VO
TN BHWTC BAASE2) I XT7—FHEE
#{ tetrahydroaminoacridine (THA) 0¥ BiTEREE
XY 2 /EH 2 BT R R B SRE 2 v ORET L 72, &
72, 2VO = T NDFTEY R OB AR 2 bIc X3 2 3K
AASOHEEL e TRETL 72,

2VO F4f7 : Wistar REEMEZ v + (13:84) 23>
F o E = VIRBE T IS 2 DB EBIIR 2 K AR L
72o 8 HIAIBAT A BRE | RBOFE L L CRIT8E
DEERIREZ A7z, EHAASBKHHT X 2 (GIN)
FEHEOKE LTE 2, THA 3XBITE8IRED 30 4
BICHEERRE L 72, 4—T —L8HEEXHE (8 RKDT—
LW, Ty MEICEEL 2 ARDT — L2 AR E
Wiz, T FARITHN CTBEICEE 2 B> 2T —AICA S
R E RN T — ), WOLEEBVTWY
WT— LI AL FERE "BRERNZT—, L,
ErDLT—HE RBEOFEL L7z, THA 3KBEAT
BB 30 RN EENEE L 72 A —7"> 7 4 — v
FRE ERIDBmOEAAE 74— FE2ITK
BT, ZOHRICT o F 2 EE 15 S HETEIEE L
72 ER R Y BATE) & 3L b bt T8 2 SR8k L 72,
ARG R 2y ARICT v OB IEREE
L, Uuym OB HF #/ER L7z, 2OWHZ205%
cresyl violet THu %, FEEATHIMEE CHEEL 72,

8 H MM KA BAETIZ2VORN T T —Hid
sham #ICHNTEEIC%H - 72, THA (0.1,0.3mg/
kg) 13 2VO O 7 —H 2 FEICET 387225, GIN
(2, 4g/kg) ICABLERRBRED NG -T2, 4—T
— LEHE & BT 2VO B 7 —#id sham &ic
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WEERRRD N o2, ZOEBEL T, &Y
B 5V IIRBP OB DBATREDE N L H5H 2
Lbid, 2, EAASRBEMICHE ) MEERSEE
TENV 2 WET WL FEZ b b,
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MYBREE L AT AR FERELH
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REHZ SAT T 2 L AT T A REAZ AR DR L, W
PUN—2W L CHEPFTEWEMRIGH E L, 1
RITIX 24 4ME L, 1 B 1847 - 2. NG
Los— L B B oS—3 L S E D (MK
JBE) % RHTEIEROEERE L L2, PAE (0.01 RU*
0.1 mg/kg) 3ERITN 90 FHIIC, F/2 THA(0.3mg
/kg) 13 60 4Hiic nBM B3R R O#%5- L 72, nBM
BEEBPNT . 4 RT B (7.5mg/0.5 pl) % Bl
(P1.3, L2.4, V7.4mm)IicHEAL 7, BFHEECIZE
BWDAEEAL 2,
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TR TES L H - 72, THA (0.3 mg/kg/day) #5
B S FOGERII BB BB WA REICIET L 72,
PAE (0.1 mg/kg/day) #5# % THA tRERICER
I EMREER 2K T &¢72%%, PAE(0.1 mg/kg/day)
5B CIRBENREIC MR TEMRBRICEE 2
BREDLNED -1z, UEokR LD nBM KIS
I & o> TRZ I FEREICH L THLEAED
PAE BRI TH B Z LB L E 5 72,

4) Effects of paeoniflorin and paeonifloin-related
glycosides on scopolamine-induced disruption
of radial maze performance in rats

Effects of glycoside constituents of peony root,

paeoniflorin, oxypaeoniflorin, benzoylpaeoniflorin
and albiflorin, on scopolamine - induced spatial
cognitive impairment were investigated using an
eight-arms radial maze task in rats. Paeoniflorin
(0.01-0.1 mg/kg, p.o.), oxypaeoniflorin (0.01-0.1 mg/
kg, p.o.) and benzoylpaeoniflorin (0.3-3 mg/kg,
p.0.), constituent which have a cage-like skeleton
with acetal and hemiketal structure, dose-depen-
dently attenuated the scopolamine (0.3 mg/kg, i.p.)-
induced decrease in the choice accuracy. The
ameliorative effects of these constituents decreased
at large doses. On the other hand, albiflorin (0.01-1
mg/kg, p.o.), which has a lactone ring in the pinane
skeleton, had no effect on the maze performance
disrupted by scopolamine. These results suggest
that not only paeoniflorin but also oxypaeoniflorin
and benzoylpaeoniflorin ameliorate spatial
cognitive impairment, and that a pinane skeleton
including acetal and hemiketal structure may play
an important role in the ameliorating effect.

ZaARTIVTHERLLT v P oZERMEE I

I 3 P DOEHEAR T DB OW T, 8 Hh
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NMDA-but not AMPA-receptor antagonists aug-
ment scopolamine-induced spatial cognitive deficit
of rats in a radial maze task

The effect of NMDA and AMPA receptor antago-

nists on a scopolamine-induced spatial cognitive
deficit was investigated in rats using an 8-arm
radial maze. The NMDA antagonists, MK801 and
CGS19755, robustly augmented scopolamine-in-
duced deficits but had no effect on spatial cognition
when administered alone. In contrast. augmentation
of the scopolamine-induced deficits was not obser-
ved when the selective AMPA antagonist, YM90K,
was administered with scopolamine. These results
suggest that the NMDA but not AMPA subtypes of
the ionotropic glutamate receptors play important
roles in regulation of the central cholinergic func-
tion related to the spatial learning and memory
processes.
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1. BHRESAT v OB RTHRIERS DREA
1) A bV R ERYFERERNZA

48, HenfEL BRICHEEER IR - LHE
B2 ML ACHINGBEIHEARL TS, 295 L
fz A bV RITGHIERCHRIENFIEICIR BIb > T
LIEDPHLNT DY, ZDRIEA =X LIFAH
Thb, BrizzhE e RicEHREATA L
2 %A 5 & pentobarbital (PB) THF L &R
B ML, ZORMICHR LT Fr) Rk
F RV CRF M RDEBNELOBIE T 52 &L 285
PIZLTCER, —F, BMNIZiZ GABA, SHICI/ER
T23=2—uxTuA{ FRKNHMbenzodiazepine
(BZD) ZHMHEAWEDFELIBEEINTND, £ 2
ThREAE A bV 22k 3 PBEREHKICI LS, =2
—u 27 u4 FRUONKEY BZD 254 VEHYE » B
54 bR ERESL 72,
KERENY | ddY R~ 2 (4Bl 2FEFr— VI
5~6 M, BEEB 23145 —2 (24X17X12 cm)
L) S5IMTHBHT L 2D TN FNIBHRER U
BEEEE L L CERICHWR, F—Ho<7 2i2iZE
BHEM AL, 20 1:BRBICERICHV72, PBS
FEIR | 2B IC PB-Na(PB) 50 mg/kg # BN
5 L7-#%, IEMEHEIEERL T 2EH % PB #5iE
IRERRT & L CHIE L 72, i BRIz PB £ 5.0 30 4
BICRENHRS £ 7213 60 2 RjICEENZES L 2.
GABA % %Cl- uptake & ¥ h (2§ 3 PBRU
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diazepam (DZ) OX® HEMBELURERET <~
ADPBEE B &ld b BEICE- T+ 7 =2 —
vy —2 (SNS) #5R8IL 72, SNS % 3Cl- (0.2 £Ci)
K U* GABA (0.6-200 M) & 30°C T3 HMA > ¥ 2~
— %, WBEEIC & 9 eCl-uptake #{81k L 72, PB &
UDZ BB T 5HAIESNS 2FHINbD
EBEL3IFEM7T Vv rXaxXx—} L2 05uM
GABA K Ur3eCl- (0.2 »Ci) 2%l TRIG %2 BtE L
72,
Za-—-aX5Faq4 FORE  REERICBIT5 PB&H%
FEARRF IS BEEREIC HNF L ( Eh - 72, BIBHREHIZ
REERTE R b v Ric L 3 PBREIRDEMICHEL I
b o712, GABA, fEEiE=2—wv2xFuf F&L
< tetrahydrodeoxycorticosterone (THDOC) & *
allotetrahydrodeoxycorticosterone % Ji§ i N £ 5 &
VI BERRE L 254, WEER PBEIRD A %
AEEKGFHICERL 2, —F, GABA, #fitt=2—n
X7 a4 F pregnenolone sulfate (PS) i3z BEfEH&:
7 PB BERD A % FEAKFFRYICEME L, FREERORER
IZI3ERThH - 72, BERED PBHEIRICKN T 5 PS o
SHFIIBEREEICIIHEL 2\vwHE THDOC nf#H
LY EHI N, o TREEFEBR ML 2L 3
PBRERDFEMEICEIBT R T oA FRLVEVIZES L%
WZ k, e AZ v AARMIC & - TGABA, %%
BB EZ IR 2 =2 —n 2T a L Fasm, X7z
NeRETLI=2—u 2704 FIRIL, FOEELE,
PB DEIBREAMET 5D EFEZ bz,
AR BZD 24 NFHHENEBED RN - DZ
(0.1-0.8 mg/kg, i.p.) IFHEKGFIICEHBERR TR
B0 PB FRERLER L 72 5%, BZD Z&HMGUIER3E
FG7142 (5-10 mg/kg, i.p.) I3 BEEOMEREER DA %
GHEL 7z, —F, BZD ZHMAEEHE flumazenil (16-
33nmol, i.c.v.) (ZfREEEE D PB SHRERN A 2 AEK
FRICEERL )L E TER L 72, 72 flumazenil 13
fREER ) PBRERZIER | 72 HE (33 nmol, i.c.v.) T
BEBICBIT 5 DZ R FGT142 DFFR % 5541 #0i
L7z, BHEEABRVREERE L7227 XD SNS ~
) %Cl- uptake i3 GABA T & ) BEKGFHICHEML
7z (Fig. 4) » 3°Cl~ uptake 2373 32 GABA DR HERIR
IEERICHN, REEREOR SNS TIKT L Tz,
DZ % t* PB i3 GABA THIE L 7z **Cl~ uptake % &
BERFERICREL 7225, TN 5 DRFIIMEETEL
o7z,

ULopiEs & iR E A b v 212 & 2 PBEERD
WHEIC BZD /RSSO NREDE LBES5T 5
WREMEATREE R HL72,

2) Neurosteroidal modulation of social isolation-

induced decrease in pentobarbital sleep in mice
Stressful manipulations are known to change the
level of neurosteroids capable of interacting with

GABA, receptor in the brain. To clarify the involve-

ment of these neurosteroids in social isolation stress-

induced decrease in pentobarbital sleep in mice, we
examined the effects of 38-hydroxy-5-pregnen-20-
one-3-sulfate (pregnenolone sulfate, PS), a ster-
oidal GABA, antagonist, and 3a, 21-dihydroxy-5«
-pregnan-20-one (allo-THDOC) and 3 a, 21-dihy-
droxy-58-pregnan-20-one (THDOC), positive al-
losteric modulators of the GABA, receptor, on the
hypnotic activity of pentobarbital in socially iso-
lated mice. Pentobarbital (50 mg/kg, i.p.)-induced
sleep was significantly shorter in isolated mice than
in group-housed mice and adrenalectomy had no
effect on the decrease of pentobarbital sleep follow-

ing social isolation. PS (5-10 mg/kg, i.p. or 12-24

nmol, i.c.v.) decreased pentobarbital sleep in group

-housed mice in a dose-dependent manner without

affecting the sleep in socially isolated mice (Fig. 3).

In contrast, allo- THDOC (14.9-37.4 nmol, i.c.v.)

and THDOC (5-12.5 mg/kg, i.p. or 14.9-37.4 nmol, i.

c.v.) reversed the pentobarbital sleep decreased by

social isolation to the level in group-housed mice

(Fig. 3). These steroids had no effect on the

pentobarbital sleep in group-housed mice. Such a

reversing effect of THDOC in isolated mice was

significantly blocked by PS (24 nmol, i.c.v.). More-
over, i.c.v. injection of yohimbine (30 nmol), meth-
oxamine (200 nmol) and CRF (2.1 nmol) signifi-
cantly decreased pentobarbital sleep in group -
housed mice but not that in isolated mice. The
effects of these drugs on pentobarbital sleep in
group-housed mice were significantly attenuated by

THDOC (12.5mg/kg, i.p.). These results suggest

that changes in the level of neurosteroids with

ability to modulate GABA, receptor function are
involved in social isolation-induced decrease in the
hypnotic activity of pentobarbital in mice.

3) Influence of benzodiazepine receptor ligands on
pentobarbital-induced sleep in socially isolated
mice.

To clarify whether the GABA,/benzodiazepine
receptor (BZR) system is involved in a decrease in
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Fig. 3 Effects of pregnenolone sulfate (PS), 3a, 21-
dihydroxy-5 8-pregnan-20-one on pentobarbital-
induced sleep in group-housed and isolated mice.
Animals were either isolated (closed circles) or
group-housed (open circles) for 7 weeks before the
experiments. Pregnenolone sulfate was injected i.p.
(A :5-10 mg/kg) and i.c.v. (B: 12-24 nmol/mouse)
60 and 30 min before pentobarbital injection, respec-
tively. C, D : THDOC was injectd i.p. (C;5-12.5 mg/
kg) and i.c.v.(D; 14.9-37.4 nmol/mouse) 60 and 30
min before pentobarbital injection, respectively.
After injecting pentobarbital (50 mg/kg, i.p.), the
sleeping time was measured. Each point represents
the mean=+S.E.M. of 8-10 mice. **p <0.01 compared
with group-housed mice. #p <0.05 and ##p <0.01
compared with respective vehicle-treated group.
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the hypnotic activity of pentobarbital (PB) by
social isolation stress, we examined the effects of
BZR ligands on the PB-induced sleep in group-
housed (GM) and socially isolated mice (IM).
Moreover, we tested whether social isolation stress
changes the efficacy of GABA to stimulate 3¢Cl-
uptake into synaptoneurosomes prepared from
mouse brain. Social isolation stress significantly
decreased PB-induced sleeping time in mice. The
BZR agonist diazepam (0.1-0.8 mg/kg, i.p.) dose-
dependently prolonged PB sleep in both GM and IM,
however, IM exhibited less sensitivity to diazepam
than GM, in terms of PB sleep. In contrast, FG7142
(5-10 mg/kg, i.p.), a BZR inverse agonist, shortened
the sleep in GM but not in IM. Flumazenil (16.5-33
nmol/mouse, i.c.v.), a selective BZR antagonist, not
only antagonized the effects of diazepam and
FG7142 on PB sleep in GM, but also reversed the
shortened PB sleep in IM to the level of GM.
Though, social isolation stress decreased the effect
of GABA (0.1-3 ¢uM) on %¢Cl- uptake into
synaptoneurosomes, it had no influence on PB-and
diazepam - induced enhancement of GABA
stimulated %¢Cl~ uptake. These results suggest that
endogenous substance (s) resembling an inverse BZR
agonist is partly involved in a decrease in PB sleep
following social isolation stress.

4) Flumazenil reverses the social isolation stress-
induced decrease in pentobarbital sleep : The
possible involvement of endogenous benzodi-
azepine receptor ligands

120 .
= o (10?)
] © Group-housed 2 57 o Group-housed
S 90 ® Socially Isolated g @ Socially Isolated
3 o 44
E o o
‘é ° o g 34
L4 .
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Fig. 4 Effect of social isolation stress on GABA-induced **Cl- uptake into mouse
synaptoneurosoms. Each point represents the mean value of 4 independent experi-

ments.
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Long-term social isolation stress has been shown
to cause a decrease in pentobarbital (PB)-induced
sleeping time in mice. In the present study, to clarify
whether the GABA,/benzodiazepine (BZD) rece-
ptor system is involved in this decrease in the
hypnotic activity of PB by social isolation stress, we
examined the effects of BZD receptor ligands on the
PB-induced sleep in group-housed and socially iso-
lated mice. Moreover, we also tested whether social
isolation stress affects the ability of GABA to
stimulate **Cl- uptake or the modulatory effect of
diazepam and PB on GABA-induced stimulation
of %Cl- uptake into synaptoneurosomes prepared
from mouse brain.

Male ddY mice (4-weeks old) were either housed
in groups of 5-6 per cage or isolated for 5-6 weeks
before starting the experments. PB-Na (50 mg/kg)
was injected i.p. and PB-induced sleep in group-
housed and isolated mice was measured as previous-
ly reported. Test drugs were injected i.p. or i.c.v. 60
or 30 min before PB injection, respectively.

Social isolation stress significantly decreased the
PB-induced sleeping time in mice. The BZD rece-
ptor agonist diazepam (0.1-0.8 mg/kg, i.p.) dose-
dependently prolonged PB sleep in group-housed
and isolated mice, but the effect was weaker in
isolated mice. In contrast, FG7142 (5-10 mg/kg, i.
p.), a BZD receptor inverse agonist, shortened the
sleep in group - housed but not in isolated mice.
Flumazenil (16.5 - 33 nmol, i.c.v.), selective BZD
receptor antagonist, caused PB sleep in isolated
mice to return to the level of group-housed mice, at
the dose that antagonized the effects of diazepam
and FG7142 on PB sleep in group-housed mice.
However, this antagonist alone produced no effect
on PB sleep in group-housed mice. Social isolation
stress decreased the ability of GABA (0.1-3 M) to
stimulate 3Cl~ uptake into synaptoneurosomes but
this stress had no effect on PB- and diazepam-
induced enhacement of GABA - stimulated 3®¢Cl~
uptake. These results suggest that endogenous sub-
stance(s) with an inverse BZD receptor agonist-
like property and the changes in the ability of
GABA to stimulate chloride ion channels are
involved in the decrease in the hypnotic activity of
pentobarbital following social isolation stress.
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2. BBEAATEF LY BB FE OEEE

1) Effects of Oxotremorine and Pilocarpine on
Striatal Acetylcholine Release as Studied by
Brain Dialysis in Anesthetized Rats

The effects of oxotremorine and pilocarpine on
striatal acetylcholine (ACh) release were inves-
tigated using brain microdialysis techniques in



urethan-anesthetized rats. Oxotremorine (0.1 and
0.5mg/kg, IV), a preferential M, agonist, dose-
dependently decreased ACh release in the striatum.
On the other hand, pilocarpine, at 5mg/kg (IV),
showed a tendency to decrease ACh release in the
striatum but, at 7.5 and 10 mg/kg (IV), significantly
enhanced release in a dose-dependent manner. The
effect of oxotremorine was blocked by scopolamine
(0.1 mg/kg, IV) but not by pirenzepine (10 mg/kg,
IV), a selective M, antagonist. Pilocarpine (10 mg/
kg, IV) enhancement of striatal ACh release was
not affected by 10 mg/kg pirenzepine, but 5 mg/kg
pilocarpine significantly ACh release in
scopolamine (0.1 mg/kg) -pretreated rats without
affecting the release by itself. These results suggest
that oxotremorine-induced decrease in striatal ACh
release is due to stimulation of presynaptic M,
autoreceptor, and that the increase of striatal ACh
release by pilocarpine is mediated by mechanism (s)
other than effects on muscarinic ACh receptors.
2) Pilocarpine-Induced Acetylcholine Release in
the rat Striatum : an in vivo Dialysis Study
This study was undertaken to investigate the
mechanism of ACh release induced by pilocarpine in
the striatum of rats under anesthesia using mi-
crodialysis method. Intravenous injection of pilocar-
pine, a muscarinic partial agonist, tended to
decrease ACh release at 5 mg/kg, while it increased
the release at doses more than 7.5 mg/ kg.
Scopolamine, a muscarinic (M) antagonist, signifi-
cantly increased the ACh release at doses of 0.1 and
0.3 mg/kg, i.v. A M1 antagonist, pirenzepine (10 mg
/kg, i.v.), significantly increased the ACh release.
Pretreatment with scopolamine (0.1 mg/kg) syner-
gistically enhanced the ACh release induced by
pilocarpine (10 mg/kg). Pretreatment with pirenze-
pine (10 mg/kg) also showed a tendency to enhance
the pilocarpine effect. Oxotremorine, a M receptor
agonist, decreased ACh release at doses more than
0.1 mg / kg and the effect was blocked by
scopolamine (0.1 mg/kg). but not by pirenzepine
(10 mg/kg). Application of pilocarpine (0.1 to 10
mM) to the striatum via a dialysis tube increased
the ACh release in a concentration dependent man-
ner. The effect of pilocarpine was also enhanced by
dopamine depletion with reserpine and a-methyl-p
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-tyrosine in the striatum. These results suggest that
high dose of pilocarpine increases ACh release after
blocking the M autoreceptors and that dopamine
modulates ACh release mechanism mediated by M
autoreceptor stimulation in the rat striatum.
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. #EFRAECLERE L -ENERBED
f2RA & FERER

1. MHIOESIUHBFRASERIC L 3 5-HT2C
Y794 7285 mRNA EOEX

1) Imipramine-induced increase in 5-HT2C rece-
ptor mRNA level in the rat brain

Repeated oral administration of 20 mg/kg imi-

pramine elevated the level of 5-HT2C mRNA in the

rat brain. Hybridization signals in nearly all regions

stained by digoxigenin - labeled antisense cRNA

probe, such as the hippocampus, choroid plexus,

habenular nucleus, and dorsomedial hypothalamic

nucleus, were more intense following imipramine

treatment (Table I) These results suggest that long

-term treatment with imipramine stimulates 5 -

HT2C receptor gene expression.

2) i REABICES5ko b =2 2C mRNA FEIUE
HEVEH

FERE L 5T ) DEIFEDICEFDM N 2R LT
WCREHEOBRE G ULELEINTWEZ b, #EB

Table I Effects of repeated treatment with imipramine
on 5-HT2C mRNA expression in rat brain

Vehicle Imipramine
Blank 100+1.2 100£2.2
Choroid plexus of lateral 181.0+10.4  236.0%x3.6**

ventricle

CA3 region of hippocampus 153.6+3.1 165.8%+2.1*
Medial habenular nucleus 146.8+4.3 163.8+4.5*
Lateral habenular nucleus 133.2+1.4 153.3+3.1**
Dorsomedial hypothalamic 124.4+2.6 146.2+5.0**

nucleus

Imipramine (20 mg/kg) or vehicle (water) was administered
once a day for 4 days. The staining densities were quantified
using an NTH Image scanner. Values represent the means+
S.E.M. percent of the blank (the area not labeled by 5-HT2C
probe) of four individual experiments (4 rats). Differences
were analyzed for significance by Student’s f-test. *p <
0.05, *p <0.01 compared with vehicle treatment.

FREAZADEYERICEE L TwbZ&dF1 6N
b, Bk~ 13, 19 D imipramine 27 v F N+
v b=>2CH7 54 7%EAK (5-HT2C) mRNA %
BMAKIEEZLiHEL R, 40, BHHDKKRBREN
RRENPD DIERE2ET 52 SN TS
PEFRED 5-HTC2C mRNA BiIC i3I8 % RE
L7z,

PRSI, BEERS 98 g1 900 ml HEE K
ZMz,100°C 90 53 FElfE L 72 %%, AW % BAE®RL €
Fwviz, Yz Wistar REMET » + (888, #5-H
248-262¢g) 121 H 1 M4 3 RpEEICRE DR E L 12, &%
A5 1 RERRIC WTE, eI ML, B2 16 um D
2.7 4 2B # BB, in situ hybridization &1z & 0 K
WEHMZ T 5-HTC2C mRNA B2 RFF L7z, 7'
—7 &L, 5-HT2C » UMM —7EF (1393
-1629) #& &L, K283t (7 ¥ —WEEL)
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0—7 DA FREERICIOREBL, WEL NIH
Image iz k D E&E L 72,

Imipramine iz & % 5-HT2C mRNA s#H&EHERIico
WTRES L7z & 25, IRiE#EICBWT, BE(1-20 mg
/kg) % b N5 B (1-14 B ) ICARFE L 72 s
Ron/z, mRNA FE (34 HETE—7I12&ZL, 29D
BBV~ MR L 2, fPERE 4 HERSIC
BT A 5-HT2CmRNAFELKRET L2 25, 4HE
BHEEL7g/kg 2BV, MNEEOWH L4GICHAL
7z, 057 g/kg TIXEHTH 72 (Fig.5),
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REI N T R R S, imipramine & FEBkIC
EFOBEHABONIMEOHET, 7 FBRD
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HT2C mRNA ¥AkDEFENERICOWTUZ, 4H#D
BRI BETH 5,

2. MIDEERICLYBEINDBIEFOHEBE

1) Effects of imipramine and Bu Zhong Yi Qi
Tang (#H255%) on 5-HT2CR and a novel
depression related gene (DRF 24) mRNA
expression.

‘We previously reported that some antidepres-
sants act as serotonin 2C subtype receptor (5 -
HT2C) antagonists and Bu Zhong Ti Qi Tang has
antidepressive effect. Here, we examined the influ-
ences of antidepressants on 5-HT2C mRNA and a
novel type of gene expression in the rat brain.
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Imipramine was orally administered to male Wistar
rats (8w, 220-250 g) once daily for 4 days. The 5-
HT2C mRNA expression in the brain was detected
by in situ hybridization methods using the digox-
igenin-labeled antisense cRNA probe coding the
third intracellular loop. Imipramine treatment
produced more intense hybridization signals in near-
ly all regions stained, such as the hippocampus,
choroid plexus, habenular nucleus and dorsomedial
hypothalamic nucleus, than the control in a dose-(2
-20 mg/kg) and a time-(1-14 days) dependent man-
ner. Mianserin (20 mg/kg) and desipramine (20 mg
/kg) also extended the 5-HT2C mRNA expression
but nomifensine (20 mg/kg) was ineffective. These
findings corresponded with the antagonistic effects
of antidepressants to 5-HT2C. Bu Zhong Yi Qi
Tang treatment (5.7 g/kg p.o. estimated as
galenical weight, once daily for 4 days) also in-
creased the 5-HT2C mRNA level in brain. Since the
5-HT2C gene has been suggested to act as a
protooncogene, we also searched for genes newly
expressed after imipramine treatment by the differ-
ential display methods. We found a novel gene
(DRF24) and read the sequence : DRF24 is 160 bp
which may be a partial sequence. DRF24’s mRNA
existed in the basolateral amygdaloid nucleus of the
imipramine-treated rat brain. We are now studying
the whole sequence of the gene and its functions.
X [N
12) Tohda, M. and Watanabe, H. (1996) Imi-
pramine-induced increase in 5-HT2C receptor

mRNA level in the rat brain. Neurosci. Res., 24,
189-193.
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1. RFFLASOHX F L XEA

1) Effects of Vietnamese Ginseng on opioid
agonist- and conditioned fear stress-induced
antinociception

We investigated the effects of Vietnamese gin-

seng (VG) extract, VG saponin and the VG major

saponin constituent majonoside-R2 on opioid rece-

ptor agonist-induced antinociception using the tail-

pinch and hot-plate tests in mice and on conditioned

fear stress-induced antinociception using the tail-

flick test in rats. VG extract (50-100 mg/kg, p.o.),
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Fig. 6 Effects of Vietnamese ginseng saponin (VG
saponin) and majonoside-R2 on the morphine-in-
duced antinociception in the tail-pinch (A) and hot
-plate tests (B) in mice. After recording the basal
nociceptive responses in each test, morphine (5 mg/
kg, s.c.) was administered. After morphine adminis-
tration, the latency of nociceptive response was
measured every 30 min over a 120-min observation
period. VG saponin and majonoside-R2 were ad-
ministered p.o. 30 min before morphine. The num-
bers in parenthesis indicate the dose (mg/kg). Each
point represents the mean % MPE+S.EM. (n=10-
15). *p <0.05, *» <0.01 vs vehicle groups (Dunnett’s
test).

VG saponin (12.5-25 mg/kg, p.o.) and majonoside-
R2 (6.2-12.5 mg/kg, p.o.), as well as Panax ginseng
extract, (PG extract, 50-100 mg/kg, p.o.), dese-
dependently attenuated the x-opioid agonist mor-
phine-induced antinociception in the tail-pinch and
hot-plate tests (Fig. 6). Moreover, repeated admin-
istration of VG saponin and majonoside-R2 suppres-
sed the development of morphine tolerance in the
tail-pinch test. VG extract (100-200 mg/kg, p.o.)
also dose-dependently blocked the antinociceptive
effects of the selective x-opioid agonist U-50,488H
in the tail-pinch and hot-plate tests, while PG

extract (100-200 mg/kg, p.o.) dose-dependently
attenuated the U-50,488H-induced antinociception
in the hot-plate test but not in the tail-pinch test.
VG saponin (6.2-25 mg/kg, p.o.) blocked the U-50,
488H-induced antinociception in the tail-pinch test
but not in hot-plate test. Furthermore, VG saponin
(25 mg/kg, i.p.) and majonoside-R2 (6.2 mg/kg, i.
p.), as well as naloxone (2 mg/kg, i.p.), reversed the
tail - flick latency increased by conditioned fear
stress in rats. These results indicate that VG and its
major saponin constituent, majonoside-R2, attenu-
ate the antinociception caused by opioid agonists
and conditioned fear stress.

2) XM FLAABOFEA AL FRUBKREMTIC L

NFRLIRESERGICNT 5%

N+ 2aAE (VG) 12 ASHY R= DMz ma-
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3) Effects of Majonoside - R2 on Pentobarbital
Sleep and Gastric Lesion in Psychologically
Stressed Mice

The effects of Vietnamese ginseng (VG) and its
major constituent majonoside-R2 on pentobarbital-
induced sleep and gastric lesion in psychologically
stressed mice were examined. Psychological stress
exposure for 30 min significantly decreased the
duration of pentobarbital (50 mg/kg, IP)-induced
sleep in mice. VG extract (50 mg/kg, PO), VG

saponin (25 mg/kg, PO), and majonoside-R2 (3.1-

12.5 mg/kg, PO and IP) had no effect on pentobar-

bital sleep in unstressed control mice, but these

drugs significantly recovered pentobarbital sleep
decreased by psychological stress to the level of
unstressed control animals (Table II) On the other
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hand, Panax ginseng (PG) extract (50-100 mg/kg,
PO) failed to affect pentobarbital sleep in psycho-
logically stressed mice. The effect of majonoside-
R2 on psychological stress-induced decrease in the
hypnotic activity of pentobarbital was significantly
blocked by flumazenil (1 mg/kg, IV), a selective
benzodiazepine antagonist. Diazepam (0.1 mg/kg,
IP) significantly prolonged pentobarbital sleep in
unstressed and psychologically stressed groups, and
the effect of diazepam was significantly attenuated
by the same dose of flumazenil. Naloxone (0.5-5 mg
/kg, IP), an opioid antagonist, had no effect on
pentobarbital sleep in unstressed or psychologically
stressed animals. Psychological stress exposure for
16 h caused gastric lesion in mice. VG extract (25-
50 mg/kg, PO) and majonoside-R2 (6.2-12.5 mg/kg,
PO), as well as diazepam and naloxone, produced
the protective action on gastric lesion in psychologi-
cally stressed mice. These results suggest that VG
and its major constituent majonoside-R2 have the

Table II Effects of VG extract, VG saponin, and its major constituent majonoside-R2 on
psychological stress-induced decrease in the hypnotic activity of pentobarbital in mice

Sleeping (min)

Dase
Drugs (mg/kg)  Unstressed Stressed Interaction Between Stress and Drug
Experiment I
Vehicle 73.0%+1.9 56.2+2.3*
VG extract 25 65.4+3.0 56.5+3.1 F (3, 169) =5.696, p <0.01
50 70.3+4.5 79.5+£5.3**
100 77.7+6.3 72.0+4.3
PG extract 50 76.7+3.6 65.2+4.3 F (2, 136) =4.693, » <0.05
100 64.3+4.5 65.8+3.5
Experiment 11
Vehicle 70.2%+1.6 56.9+1.9*
VG saponin 12.5 68.9+2.6 65.0%+2.8 F (2, 118) =4.064, p <0.05
25 75.5+4.0 71.3£4.7**
Majonoside-R2 6.2 73.4+2.0 80.0+£6.3** F (2, 118) =4.105, p<0.05
12.5 76.4+4.0 69.9+4.08
Experiment III
Vehicle 73.1+2.9 58.3+2.2%
Majonoside-R2 3.1 71.6+3.7 80.7+£4.2** F (3, 101) =5.523, p<0.01
6.2 66.9+2.8 72.2+1.58
12.5 74.5+4.3 74.6+4.18

Mice were divided into two groups and only the one group was exposed to psychological stress for 30
min. Test drugs were administered PO 1h before stress exposure except for Experiment III. In Experi-
ment III. majonoside-R2 was injected IP 30 min before stress exposure. Each datum represents the mean
+SEM of 12-15 mice. *p <0.01 and **p <0.05 compared with respectivd unstressed group. 15 <0.01 and §
$<0.05 compared with respectivd vehicle treatment (Tukey’s test).
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protective effects on the psychological stress-in-

duced pathophysiological changes and that benzodi-

azepine receptors are partly implicated in the
effects of majonoside-R2.

4) The Possible Involvement of GABA, Systems
in the Antinarcotic Effect of Majonoside-R2, a
Major Constituent of Vietnamese Ginseng, in
Mice

The effect of majonoside-R2 on morphine- and U-

50, 488H-induced antinociception was examined by
the tail-pinch test in mice and compared with that
of diazepam. Majonoside-R2 and diazepam inhibited
the morphine- and U-50,488H-induced antinocicep-
tion, and the actions were antagonized by the ben-
zodiazepine receptor antagonist flumazenil and the
GABA-gated ClI~ channel blocker picrotoxin. Diaze-
pam but not majonoside-R2 exhibited a protective
activity against convulsion caused by the GABA,
antagonists bicuculline and picrotoxin. These
results indicate that GABA, ststems are involved in
the effect of majonoside-R2 on the opioid-induced
antinociception and suggest that the mechanisms of
action of majonoside-R2 may differ from those of
diazepam.

5) Effect of Vietnamese ginseng Extract and its
Major Constituent, Majonoside-R2, on Emo-
tional Stress in Mice

Vietnamese ginseng (VG) as well as Panax gin-

seng (PG) has been used as a tonic and/or panacea
in Vietnam. VG contains the same saponins as PG,
but the ocotillol-type saponin such as majonoside-
R2 exists only in VG. Although the effect of PG on
the central nervous system has been extensively
investigated, few reports are available on pharam-
cological actions of VG. Thus, the effects of VG and
its major constituent majonoside-R2 on emotional
stress responses were examined in mice.
Emotional stress exposure for 30 min significant-
ly decreased the duration of pentobarbital (50 mg/
kg, i.p.) -induced sleep. VG extract (50 mg/kg, p.o.),
VG saponin (25 mg/kg, p.o.) and majonoside-R2
(3.1-12.5mg/kg, p.o. and ip.) had no effect on
pentobarbital sleep in unstressed control mice, while
these drugs significantly recovered pentobarbital
sleep shortened by emotional stress to the level of
control animals. On the other hand, PG extract (50

- 100 mg / kg, p.o.) failed to affect pentobarbital
sleep in stressed mice. The effect of majonoside-R2
on stress-induced decrease in the hypnotic activity
of pentobarbital was significantly blocked by flum-
azenil (1 mg/kg, i.v.), a selective benzodiazepine
antagonist. Diazepam (0.1 mg/kg, i.p.) significantly
prolonged pentobarbital sleep in unstressed and
stressed groups, and the effect of diazepam was
significantly attenuated by the same dose of flum-
azenil. Naloxone (0.5-5mg/kg, i.p.), an opioid
antagonist, had no effect on pentobarbital sleep in
both unstressed and stressed animals. Emotional
stress exposure for 16 h caused gastric lesion in
mice. VG extract (25-50 mg/kg, p.o.) and ma-
jonoside-R2 (6.2-12.5 mg/kg, p.o.), as well as diaze-
pam and naloxone, produced the protective action
on gastric lesion in stressed mice.

These results suggest that VG and its major
constituent majonoside - R2 have the protective
effect on emotional stress-induced patho-
physiological changes and that benzodiazepine rece-
ptors are partly implicated in the effects of ma-
jonoside-R2.

2. 9 4 % B ¥ mitragyna speciosa O B %
mitragynine DNBERRIER & ¢t DIEBEF

1) % A SEAMME % 7 K4 mitragynine ) HLRE
ZHRER — EAFRA EA A FROBS —

2 A MY Mitragyna speciosa Korth. ("Kra-
tom”) NDEHLX 23t Mz B W THRERDIER 2
HTbZEBHMLNTWE, BIZ, KRLXZANDFEET
Va4 P4 TdH 5 mitragynine |3 K S IC &
D PRESHFERETRT I EIREINTNED, £
DYERBEF 128 & A T2\, £ Z T4, mitragynine
DVERBEF 28 5 2123 5 HBY T, mitragynine D
BREZHFERICBIT 5 AP RA A A FROBEIC
DWTHRET L 72, EBICIZ dAY R~ 2 (5~6 18
4) % a7z, Mitragynine i3 1 % BEBE2IC AL, 1IN
NaOH T pH4.7 & L 7:%%, MEHEAES (ip) F72id
e ZEWNHZS (i.cv.) L7z, Mitragynine $#5-4%, tail-
pinch #8 L (fhot-plate iz L ) =7 A R EZE
Rt Rd  TORBREREL 2, FEAA4 FEHK
P naloxone |3 mitragynine $5 7 EHIIZ 2 T #
5.(s.c.), %72i% mitragynine 5 & FERC i.cv. #5
L7z, v

1) Mitragynine % i.p. #%5 (3~30mg/kg) F 7213
icv.(1~10 ug) 5+ 2 2 xi12 L Y, tail-pinch &5
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Fig. 7 Effect of naloxone on the mitragynine-induced antinociception in the tail-pinch and

hot-plate tests:

Antinociceptive actions of i.p. and i.c.v. administered mitragynine (MG) in the tail-pinch

(A) and hot-plate (B) tests in mice. After measuring the basal nociceptive response,
mitragynine was administered i.p. (3-30 mg/kg; Al and B1) or i.c.v. (1-10 gg/mouse ; A2
and B2). After 15 min, the latency of the nociceptive response was measured every 15 min
over a 75-min period. Each point represents the mean+S.E.M. of 10 mice. *P <0.05 and
**P<(0.01 compared with the predrug nociceptive latency (Pre).

X U hot-plate i BT 5 =7 A DBEEZBERIGNE
KR HBIKFICER L 72 (Fig. 7). 2) ZoOHiRESZ
505313 mitragynine #5155 %Ik E % 5 72, 3)
AT I)NA a4 Ficid morphine d» k 5 e BEEHR
Straub tail reaction ZE# T 2/EAIZRD LN
572, 4) WiEREREEC B 5 mitragynine (30 mg/kg,
i.p.) DHFREZEXEIT naloxone % s.c. #5 (2mg
/kg) Fizidicv. 5 3~10ug) THZELICLDAE
ERAERICHHI & 72, 5) FIiZ migragynine (10 xg)
Zicv. 5 L7z & 2nHBFEZESR L naloxone
(10 ug) ? icv. ¥ 52 & » CrEeicfl &E N, Uk
DFEFRH &, mitragynine BARD RN TER L THR
EZHFERZRIL) 22 L, BLUZoERHICIZS
% EH—E, EuFWAreA A FRHYBEET L &
DL E o7z,
2) Antinociceptive Action of mitragynine in mice :
Evidence for the involvement of Supraspinal
Opioid Receptors

Mitragynine is a major alkaloidal constituent
extracted from the young leaves of Mitragyna
speciosa Korth. (Rubiaceae). We investigated an
antinociceptive activity of intraperitoneal (i.p.) and
intracerebroventricular (i.c.v.) injection of this
alkaloid by the tail-pinch and hot-plate tests in
mice, and evaluated the mechanisms of the action
using naloxone, an opioid receptor antagonist.
Mitragynine (5.0-30mg/kg, i.p. and 1.0-10 g/
mouse, i.c.v.) exerted a dose-dependent antinocice-
ptive activity which was maximal at 15-45min
after injection in the tail-pinch and hot-plate tests,
but it did not induce a morphine-like behavioral
change (Fig.7). The antinociceptive actions of i.p.
mitragynine were completely abolished by both s.c.
(2mg/kg) and i.c.v (10 gg/mouse) naloxone. The
action of i.c.v. mitragynine (10 xg/mouse) was also
antagonized by i.c.v. naloxone (10 g/ mouse).
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These results indicate that mitragynine itself can

induce antinociception by acting in the brain, and

that the supraspinal opioid systems are at least
partly involved in the antinociceptive action of
mitragynine in mice.

3) Suppressive effect of mitragynine on 5-methox-
y - N,N - dimethyltryptamine - induced head
twitch responses in mice.

The leaves of Mitragyna speciosa Korth.
(kratom’) are known to produce a narcotic-like
action when smoked, chewed or drunk as an infu-
sion. We investigated the effects of mitragynine
(MG), a major alkaloidal constituent of this plant,
on 5-HT2 receptor-mediated head twitch response
in mice. MG (5-30 mg/kg, i.p.), as well as the selec-
tive 5-HT2 receptor antagonist ritanserin, inhibited
5-methoxy-N,N-dimethyltryptamine (5MeODMT ;
16 mg/kg, i.p.) -induced head twitch response in a
dose-dependent manner but it did not affect head-
weaving response caused by 5MeODMT or sponta-
neous motor activity. Pretreatment with reserpine
(5mg/kg), p-chlorophenylalanine (300 mg/kg X3
times) or 6-hydroxydopamine (6-OHDA, 50 g/
mouse) +nomifensine (5 mg/kg) did not change the
suppressing effect of MG (20 mg/kg, i.p.) on head-
twitch response caused by 5MeODMT. The a2-
adrenoceptor antagonists yohimbine (0.5 mg/kg, i.
p.) and idazoxan (0.2 mg/kg, i.p.) attenuated the
suppressing effect of MG but the antagonistic effect
of idazoxan on MG suppression of head twitch
response did not change following lesion of central
noradrenergic systems. These results suggest that
stimulation of a2-adrenoceptor and/or blocking of
5-HT2-receptor is involved in suppression of 5-
HT2-receptor-mediated head-twitch response by
MG.

4) Mitragynine DR EZHFIERICBIT 2 T/
WET FLH)rREn b = #iERoBl5

2 4 R %4 mitragynine (MG) 13 K # 51
SN IRESHEERAEZR T I EPMOEN TV, £
DVERBFIZBH L2 T vy, ZZT45E, MG KE
WL (cv) I & DV RBT 2 HRESEMERICHT
50T Fv+1)r (NA) Rtrew b => (5-HT)
WBNEE L, B¢ T morphine (MOR) & kg
BET L 72. MG KU MOR 3B 155 8IS i.cv. #&#
5.1, tail-pinch (TP) &K X hot-plate (HP) #ic &

N7 ANHRBESHERIG % B E L 72, Reserpine
(RES, 5mg/kg, i.p.), 6-OHDA (50 ug, ic.v.), p-
CPA (300 mg/kg X3, i.p) BALE? MG KU MOR 2
X HHBEREL 221, KBERE - BNR - B
JTIVERERREL,

MRBRBEICBWTMG IHBKEFHLHRESE
e ZRL 72, TP Bz BT 5 MG O%h%it RES, 6-
OHDA, p-CPA 4L % 1f idazoxan (ip. 7213 i.t.)
BEICEVET L. ABEIZEBIT 2 MOR nHiRER
YA L 6-OHDA MLE i & 0 3%l & 117257 p-CPA
B TR HEBEINLd» » 2, HPE T3 RES, 6-
OHDA & K 1f idazoxan (i.t.) #5142 & ) MG 0%l
RIZET LD, pCPARETREbLLED -T2, 6
-OHDA KU p-CPA &3 & MOR nfEMAIZ %
& ch -7, RES RV p-CPA LEIZEEAMITHE
ST IVEREEFICRS I, —F, 6-OHDA L
B RANMEERVHFHO NASEZZRHICERS I
728, BRI CTORMMIIBETH - 72, ULORER,
1) MG DHREZHFERICIZEN B T T NA
KU 5-HT %A, 8RB TIZ T NA MiER DT
FNTFTNEET 52 &, 2) EREICHT 2 MOR o#p
BEZHVERICII TATE NA 8RO BEET 5 5, #
FECRITHRERDFSIEAZ EEL2 ELY,
MG D1ER#FIE MOR B2 2 Z L SRR L7z,
5) Central antinociceptive effects of mitragynine

in mice : contribution of descending noradrener-
gic and serotonergic systems

Mitragynine is a major alkaloidal constituent of
young leaves of Mitragyna speciosa Korth, that is
known to exhibit narcotic - like activity. In this
study, we investigated the roles of central
monoaminergic systems in the antinociceptive
action of mitragynine by means of the tail-pinch
and hot-plate tests in mice. Mitragynine (1.0-10 xg)
injected i.c.v. exerted a dose-dependent antinocice-
ptive activity in both tests. The activity of
mitragynine (10 g, i.c.v.) in the tail-pinch test was
antagonized by reserpine, 6-hydroxydopamine plus
nomifensine, and p-chlorophenylalanine treatment,
whereas the antinociceptive activity of morphine (3
1g) given ic.v. in this test was attenuated by 6-
hydroxydopamine plus nomifensine but not by p-
chlorophenylalanine treatment (Fig.8) Moreover,
the activity of i.c.v. mitragynine was also antagon-
ized by the a,-adrenoceptor antagonist, idazoxan
(10 xg), and cyproheptadine (1 xg) administered
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Fig. 8 Effects of reserpine, p-chlorophenylalanine
and 6-hydroxydopamine treatment on the mir-
agynine-induced antinociception in the tail-pinch
and hot-plate tests Animals were pretreated with
reserpine, p-chlorophenylalanine (p-CPA) or 6-
hydroxydopmine (6-OHDA) as described in the
text. Fifteen minutes after i.c.v injection of
mitragynine (MG, 10 ug), the nociceptive latency in
the tail-pinch (A) and hot-plate tests (B) was
measured. Each column represents the mean latency
+SEM. (n=7-9). *P<0.05, **P<0.01 compared
with the respective vehicle control. ## P < 0.01

compared with the groug treated with mitragynine
alone.

intrathecally (i.t.) On the other hand, the
antinociceptive action of i.c.v. mitragynine (10 ug)
in the hot-plate test was abolished by reserpine and
6-hydroxydopamine plus nomifensine, but not by p
-chlorophenylalanine treatment (Fig. 8) This action
was also antagonized by i.t. injection of idazoxan
(10 xg). These results suggest that both descending
noradrenergic and serotonergic systems are
involved in the antinociceptive activity of su-
praspinally administered mitragynine on the
mechanical noxious stimulation, while the descend-
ing noradrenergic system predominantly contrib-
utes to the effect of supraspinal mitragynine on the
thermal noxious stimulation. The mechanisms
underlying the suppressive action of mitragynine on
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the nociceptive response may differ from those of

morphine in mice.

6) The involvement of delta-opioid receptors in
the antinocicepive action of mitragynine : i
vivo and in vitro studies

Mitragynine is a major alkaloidal constituent
extracted from the young leaves of Mitragyna
speciosa Korth. that is known to exhibit a narcotic-
like activity. We investigated the role of delta-
opioid systems in the antinociceptive activity of

intrathecally (i.t.) and intraventricularly (i.c.v.)

administered mitragynine by the tail-pinch test in

mice using a non-selective opioid receptor antago-
nist naloxone and a delta opioid receptor antagonist
naltrindole. We also examined the effect of
mitragynine on cyclic AMP (cAMP) formation in
cultured NG108 - 15 cells which are known to
express delta - opioid receptors coupled with Gi
proteins. The nociceptive response in the tail-pinch
test was measured according to Haffner’s method.
Mice were pretested by pinching their tails with
hemostatic forceps and only the mice that showed
nociceptive responses such as biting the forceps
within 2 sec were used for the experiments. A cut-
off time of 6 sec was selected. Mitragynine was
adminisdtered 15 min before the start of experi-
ments. When administered i.t. or i.c.v., mitragynine

(1.0-10 xg) exhibited a dose-dependent antinocice-

ptive activity in the tail-pinch test. The effects of i.

t. and i.c.v. mitragynine were antagonized by nalox-

one (1 ug, it. or 3 ug, i.c.v.). The antinociceptive

action of mitragynine (10 ug, i.t. or i.c.v.) was also

blocked by co-administration of naltrindole (5 ng, i.

t. or i.c.v.) In the in vitro study, the NG108-15 cells

were incubated with 10 uM forskolin plus various

concentration of test drugs for 10 min and the
cAMP levels were measured by radioimmunoassay.

Mitragynine (0.1-30 xM), as well as morphine (0.1-

100 M), attenuated forskolin (10 £M) - induced

cAMP formation in a concentration - dependent

manner. The inhibitory effect of mitragynine on the
cAMP formation was significantly antagonized by
naloxone. These results suggest that direct stimula-
tion of the spinal and supraspinal delta-opioid rece-
ptors by mitragynine is at least partly involved in
the antinociceptive action of this alkaloid in the tail
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-pinch test.
3. YA RRHAMDEREER

1) Neuropharmacological Actions of Pluchea in-

dica LESS Root Extract in Socially Isolated
Mice
The effects of Pluchea indica LESS root extract

(PI-E) on locomotor activity and pentobarbital-
induced sleep, social isolation-induced aggressive
behavior, motor coordination in the rotarod test,
pentylenetetrazole-induced convulsion and nocice-
ptive responses in the tail-pinch test were examined
in mice. Socially isolated mice showed higher
locomotor activity and shorter duration of
pentobarbital sleep than group-housed mice. PI-E
(50 - 100 mg / kg, p.o.) significantly decreased
locomotor activity and prolonged pentobarbital
sleep in a dose-dependent manner in isolated mice
but not in group-housed mice. At a large dose (400
mg/kg, p.o.), PI-E not only decreased locomotor
activity but also prolonged pentobarbital sleep in
group-housed mice. The reference drug diazepam,
at 0.5 mg/kg, also suppressed the locomotor activity
in isolated mice but not in group - housed mice.
Moreover, diazepam, at 0.1 and 0.5 mg/kg, signifi-
cantly prolonged pentobarbital sleep in both iso-
lated mice and group-housed mice. The effects of PI
-E and diazepam on pentobarbital sleep in isolated
mice were significantly attenuated by flumazenil (1
mg/kg, i.v.). PI-E (50-100 mg/kg), as well as diaze-
pam (0.5-5mg/kg, p.o.), dese-dependently suppres-
sed social isolation-induced aggressive behavior,
but it had no effect on pentyleneterazole-induced
convulsion, motor coordination in the rotarod test,
or nociceptive response in the tail pinch test in
group-housed mice. These results suggest that PI-E
attenuates pathophysiological changes caused by
social isolation stress in mice, and that the GABA
ergic system is partly involved in the action of PI-
E on a social isolation - induced decrease in
pentobarbital sleep.
2) Behavioral Studies on Alkaloids Extracted

from the Leaves of Hunteria zeylanica

The effects of a crude methanol extract, butanol-

and chloroform-fractions, and a pure compound,
corymine, extracted from the leaves of H. zeylanica
on locomotor activity and rearing, pentobarbital-

induced sleep, and drug-induced convulsions were
studied in mice. The methanol extract dose-depen-
dently decreased rearing without a significant effect
on locomotor activity at doses of 15, 60 and 120 mg
/kg. It did not significantly prolong the sleeping
time but potentiated the convulsions induced by
strychnine, but not that by either picrotoxin or
pentylenetetrazole, at a dose of 120 mg/kg. The
butanol - fraction significantly prolonged sleeping
time at a dose of 125 mg/kg but did not affect either
of the convulsive drugs. The chloroform fraction
prolonged sleeping time at doses of 62.5 and 125 mg
/ kg and potentiated the convulsions induced by
either strychnine or picrotoxin, but not that by
pentylenetetrazole, at doses of 15, 30, 60 and 120 mg
/kg. Corymine did not significantly prolong sleeping
time, but potentiated the convulsions induced by
either strychnine or picrotoxin, not by
pentylenetetrazole, at doses of 2, 8 and 15 mg/kg.
These results suggest that crude alkaloidal extracts
of H. zeylanica leaves produce biphasic effects on
the central nervous system (CNS), depression and
stimulation, while the pure compound, corymine,
has a unique central stimulatory effect in mice.

3) Hypoglycemic Effect of Water Extract of the

Root of Pandanus odorus RIDL.

Hypoglycemic effect of water extract of the root
of Pandanus odorus RIDL.(Thai name: Toei-hom,
Pandanaceae) was examined in normal and strept-
ozotocin - diabetic rats. In the hypoglycemic test
without glucose load, an administration of the
extract at doses of 0.125-0.5 g/kg p.o. did not affect
significantly the plasma glucose level in normal
rats, whereas the extract significantly lowered the
plasma glucose level at a dose of 0.5 g/kg p.o. in
diabetic rats. In oral glucose tolerance test, an
administration of the extract at a dose of 0.5 g/kg
p.o. significantly lowered the plasma glucose level
in normal rats. The extract at doses of 0.5 and 1.0 g
/kg p.o. also significantly lowered the plasma glu-
cose level in diabetic rats. A reference drug, gliben-
clamide at a dose of 5 mg/kg p.o. showed a signifi-
cant hypoglycemic effect in both normal and diabet-
ic rats.

Repeated administration of the extract at doses
of 0.25 and 0.5 g/kg p.o. for 7d produced a signifi-



cant hypoglycemic effect in diabetic rats. Gliben-
clamide (5mg/kg p.0.) also caused a significant
hypoglycemia in the diabetic rats.

LDs, (95% confidence limit) after intraper-
itoneal injection was 1.87 (1.26-2.76) g/kg in male
and female rats and 1.62 (1.18-2.24) g/kg in male
and female mice, respectively. The LDs, after oral
administration was over 8 g/kg in both sexes of rat

and mice.
4 . Harmala alkaloid®tn b= Fo—4f
JUREBRESICE LT TIER

Facilitatory and Inhibitory Effects of Harmaline
on the Tryptophan-Induced 5-Hydroxytryptamine
Syndrome and Body Temperature Changes in Par-
gyline-Pretreated Rats

The effects of harmaline on tryptophan-induced
5-hydroxytryptamine (5-HT) syndrome and body
temperature changes in pargyline-pretreated rats
were investigated. When administered i.p. 60 min
after pargyline treatment (50 mg/kg, i.p.), trypto-
phan, at 100 mg/kg but not 10 mg/kg, induced the 5
- HT syndrome. Tryptophan at 100 mg / kg also
produced hypothermia followed by hyperthermia in
pargyline pretreated rats. Administration of har-
maline (10 mg/kg, i.p.) 30 min after pargyline not
only potentiated the 100 mg/kg tryptophan-induced
5-HT syndrome and body temperature changes, but
also produced the syndrome following administra-
tion .of 10 mg/kg tryptophan in pargyline-pretreat-
ed rats. In contrast, when administered 30 min
before pargyline, 10 mg/kg harmaline completely
suppressed the syndrome and body temperature
changes caused by 100 mg/kg tryptophan. Trypto-
phan (100 mgkg, i.p.) administration significantly
increased 5-HT levels and decreased 5-hydroxyin-
dole acetic acid levels and 5-HT turnover in the
brain of pargyline - pretreated rats. Harmaline
administration 30 min after pargyline did not signif-
icantly affect the tryptophan-induced changes in 5-
HT levels and 5-HT turnover, whereas when ad-
ministered 30 min before pargyline, harmaline sig-
nificantly blocked the effect of tryptophan. These
results suggest that mechanisms underlying the
inhibitory action of harmaline on the tryptophan-
induced 5- HT syndrome and body temperature
changes in pargyline-pretreated rats differ from
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those by which harmaline potentiates the effects of

tryptophan.
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