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Studies on the Nootropic and Anti-amnestic and Anxiolytic-like Effects
of G.J.D-P.P.A. in Mice
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Abstract

Objectives :
The purpose of this study was to characterize the neuroprotective effects and anxiolytic-like effects of Gongjin—dan
and Polygala japonica, Polygala tenuitolia, Acorus gramineus mixed pills(G.J.D-P.P.A.).

Methods :
The neuroprotective effects of G.J.D-P.P.A. determined by the passive avoidance and Y-maze tasks and Morris
water maze task, and the anxiolytic-like effects of the G.J.D-P.P.A. using an elevated plus—maze(EPM) in mice.

Results :

Drug-induced amnesia was induced by treating animals with scopolamine(l mg/kg, ip.). A single G.J.D-P.P.A.(400
and 800 mg/kg) administration significantly enhanced cognitive function and attenuated scopolamine-induced
cognitive impairments as determined by the passive avoidance and Y-maze tasks(P < 0.05) and also reduced
escape-latency on the Morris water maze task(P < 0.05). The administration of GJD-PPA(400 and 800 mg/kg)
significantly increased the percentage of time spent in open arms and entries into the open arms of the EPM
compared with saline-treated control group(” < 0.05). Moreover, there were no changes in the locomotor activity
and myorelaxant effects in any group compared with saline-treated control group.

Conclusions :
These results suggest that GJD-PPA dramatically possesses the anti-amnestic and cognitive-enhancing activities
related to the memory processes, and promotes the anxiolytic-like activity in mice.
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2) AN=E

2 A3e] A3 tacrine(9-amino-1, 2, 3, 4-
tetrahydroacridine hydrochloride), (-) scopolamine
hydrobromide, acetylthiocholine iodide and DTNB
(5, 5'-dithiobis [2-nitrobenzoic acid]), Tween 80
(Polyethylene glycol sorbitan monooleate), Sodium
chloride, Diazepam(7-chloro-1,3-dihyrdo-1-methyl-5
-phenyl-2H-1,4-benzodiazepine-2-one), WAY 1000635
(N-[2-[4-(2-Methoxyphenyl)-1-piperazinyl]ethyl]-
N-2-pyridinylcyclohexane carboxamide maleate
salt), Imipramine hydrochloride(10,11-Dihydro-N,
N-dimethyl-5H-dibenz[b,f]azepine-5-propan-
aminehydrochloride), flumazenil(C15H14FN305) >
Al Z1vkSigma, USA)Ql AlES& AREHloH 7]
Bb Aok AlTeld e = ol HAdEE
AHg et

3) AlZQ| FH|
2 Ao AREst giSHelst GJ.D; Gongjin
-dan) 2} s, EGE, AEVE AR )8k

P.P.A,; Polygala japonica, Polygala tenuifolia, Acorus
gramineus)i= TSRO TSt HEghgY 2ol A
TEWol ARGl om  BURSTI &, e,
e TRAAE 44 vgane % Ax
g 2} E3AAS “GJD-PPA”olgta
sttt pEiell tigk gt 1419 2Rk
Table I3 7t}

Table 1. Prescription of G.J.D-P.P.A.

Herbs Pharmacognosy name D((; ?e
BE Moschus /| Moschus moschiferus 18.75

BE  Ceni Pantotrichum Corunu / Cervus njppon 150
B8  Angelicae Gigantis Radix /Angefica gigas 150

IS Corni Fructus / Cormus officinalis 150
EWHE Polygalae Folium / Polygala japonica 156.25
=& Polygalae Radix / Polygala tenuifolia 156.25
FEE Acori graminei Rhizoma / Acorus gramineus 156.25
Total 937.5
4) ANEHEA|

w AR ALgE Y AAE ofdlg) 2t
Evaporator(Eyela, SB-1000, Japan)
Freezing dryer(Eyela, FDU-1000, Japan)
Ethovision
Netherlands)

- Morris water maze system(Scitech, Korea)

system(Noldus, =~ Wageningen,

- Y-maze system(Scitech, Korea)

- Elevated plus-maze(Scitech, Korea)

- Experimental box for place preference(Scitech,
Korea)

Sonicator(Hwashin 410/510, Korea)

Water bath(Vision Scientific, Korea)

Active / Passive avoidance system(Gemini, San
Diego, USA)

Animal room(Orient Bio, Korea)

Obital shaker(Dai Han Sci, SHO-2D, Korea)

Teflon homogenizer(Eyela, Japan)
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ok Fole FEIIA A} 2 He
2 AAEIT Y-r|2Ahel o] &5 719 3
A armO® FJEo] §lom 7} arme] o]
= 42 cm, Yol 3 am, FO|& 12 cmo]L Al
arm®] AdH= 7t 120001tk BE A A

© 742 polyvinyl plastic®E A H o] 3l

ot 7k 7HAE A, B, CE Ag & % 71A]f
mouseE FAAHA T3 8 T AFEA
w27 @ty mouse’t SOi3t THIE V1=
skSith o] w me7kA] ehds] Eoizks A9
gtabr, ke 7 el oA Sol3t AS-elE 715

SFSATE Al 7S ME T T ARlE 50
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W7 s (%)

= A7 (actual alternation) / FHiW7H
(maximum alternation) X 100
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J. of Oriental Neuropsychiatry 2011;22(2):85-105 89



HEAY BWE, ZE, HERH SSNMY 1958y o

=
N
olr
=

sk vie} o] acetylcholine iodideE 7]#|E Ak
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mM acetylthiocholine iodide €< 20 pl %
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(2) WAY 1006358} flumazenil&] 2432+

GJD-PPA.° 2ct §31o] 28 714S 7
Zsl7] 98l 5-HTia 8¢ antagonist?] WAY
1006352+ GABAs &
& ARgstol EPMOIA S748i8lh G D-PPA.
= 400 mg/kg SO0 7 HPFoE g on] A
A 30% Aol 77 WAY 1006350.3 mg/kg,
ip)¢} flumazenil(10 mg/kg ip)= HE& Fo
sholth tlZ2 10% Tween 80 &Y §%F°
R e i A i i (U R e

€] antagonist?! flumazenil

7) Open field test(OFT)

Locomotor activityw= A3 sE2 &s4ds 5
ohs AR oF=e FEct Aol = &
el olmet FIFS mA=A Eelete A

Wio|th. Locomotor activity™= A7k #132¥ OFT
4 boxelA Z4sATF. OFT4 boxi= 7F2 415
cm, A& 415 cm, =°] 43 a7} HEE ﬂ]ié
A, 3he] boxell A gk mh A S5 Gl
-P.P.A. " 100, 200, 400 % 800 mg/kg &FC.
B 7Trofsialon] ok Fole Ad Al 14
Aol FREES Sl tlZ=T 10% Tween
805 T FHOR T8Itk ok EPM
S ©]&3%t locomotor activity= F ©|&7E],
rearing 2172 573 o= EthoVision program
(Noldus Information Technology, Wageningen,
Netherlands)& ©]-&3to] S35t

8) Horizontal wire test(HWT)
HWTE 8559 &8olsk 4
]

A 2 obzTo o
THolgk 59 FAE-S op/|stEE GJD-PPA
7} olglgt Hzgo] WAE=AS HWIS £
glatgith. HWTE %ol 71%% Ak vl
SO RHE 30 cm] E0]Z o] A7 1 mm,

Zo] 40 em® wires FHOE AHA|ste] 34
stk WA mouse?] o] wireE: FA S

5, nElg oo o] & F I &
Hulo] wireZ ZF AL, o] 10% )4 wired]]
g o FaE st

lzr, AUz Diazepams 9 GJD
PPATS EPM A3 ¢85 & 58 71407 2
Mol HWTE dAstel 2819 ks ol8s
Atk

3. #tatEiE

]
-

rin

23 ZAI= one way analysis of
variance(ANOVA)E ©]-&-ato A4 a3 aL
Aol 182 7% Student-Newman-Keuls
MethodZE |43k 95 %(P < 0.05)41%] %
olstell M f+o4d A4S A8

. &% %

1. GJD-PPAZ
k=L,

TS2|TAEHolAM 2]

1) GJD-PPAS £=5

Scopolamine(l mg/kg, ip.)<
HE w= E9S ol&ste] GJD-PP.A. 100,
200, 400 ¥ 800 mg/kg?l AT wa]Fold 2

5| T/A8]
Folgt 7]}Y

stel #320] 719g £4L AR T &
Bk QA AR SN 53 AT o8
shol shlskaint.

Scopolamine(l mg/kg, i.p.)2] Folel 2gt 7]
olg &4 o5 gRlgh 43 Scopolamine >
Z1A el A latency time©] 34.75+2.39% % T
279 290.75+7.57%0] djsto] FAACE 2
A FHAsATHIK0.05). o= EEAIEAIL
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A7) F4L 7198HA eths Ao wdy
©] scopolamine®l| °J$t 7|18 7rE H
vHEoigltka A7k

shde] GJ.D-P.P.A. 100, 200, 400 2 800 mg/kg
2 @3] Fold da 747} 69.75+17.81%, 85.00+
24.65%, 107.63+1274% 9 14125:19.92% %
Scopolamines*2] 34.75+2.39%°] tjgto] 714
°% #oA QA latency timeo] F7FaR3ITH
(7%0.05, Fig. 1).

Training trial
350 - Test trial
300 | T
250 |
s #
é 200 |
4
2 150 { #
= #
100 {
5 4
vehicle 0 100 200 400 300 10 (mghkg)
+ + + + + + Scopolamine
GJDPPA T (mgkg
Fig. 1. Effect of a single administration of G.J.D

-P.P.A.(100, 200, 400 and 800 mg/kg, p.o.)
on scopolamine-induced memory deficits
in the passive avoidance test in mice.

Data represent means+S.E.M(N = 8-10).

*P < 0.05 as compared with the control group, p
< 0.05 as compared with the scopolamine -treated
group.
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1) Morris Z0|2 ZFX[OMe] SHEAIE
(Training trial)

Morris 512 SFAIE A 49 FoF 60 ©]
W E3Fel 2P| 7HAe] AQARES 543
A 194 xS 52.6429%
53.3434%, Tacrinew> 588+12%
+GJ.D-PP.A. 400 9 800 mg/kg Foli-S 72}
54.6134%, 51.6:27%% ZF Fd 7+ Fo4 Qe
#pol7h gllont, sho] XaHe| wet mpA]u}
dAoll= ZPFol Edeted AQuE Ao
747} 17941.7%, 153430% % Adt 7+ 594 (P
005 Sl AolE HItHFig. 2).

, Scopolaminer”

=, scopolamine

—e— Vehide
—o— Scopolamine (1 mg/kg)
—v— GJD.PP.A @00 mgke)
704 +Scopolamine (1 my/kg)
—— GJD.PP.A B0 meke)
+Scopolamine (1 my/kg)
—=— Tacrine (10 mgke)
+Scopolamine (1 mg/kg)

Escape latency (s)

1 2 3 4

Day
Fig. 2. Effect of G.J.D-P.P.A. on performance in
the training trial sessions of the Morris
water maze task in scopolamine-induced
memory deficits mice.
At 60 min before training trial session, G.J.D-P.P.A.
(400 and 800 mg/kg, p.0.) or vehicle(same volume
of 10% Tween 80) solution was administered to mice.
Memory impairment was induced by scopolamine
treatment(1 mg/kg, ip.). The training trial sessions
were composed as described in the Materials and
Methods. Data represent means=S.E.M(n=8-10).
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Fig. 3. Effect of G.J.D-P.P.A. on performance in
the probe trial session of the Morris
water maze task in scopolamine-induced
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Spontaneous alternation (%)
H 3

B2
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memory deficits mice.

The the probe trial sessions were composed as
described in the Materials and Methods. Data
represent meanszSEMn = 8-10. (P < 0.05
versus control group, *P < 0.05 versus scopolamine
—treated group).

3. GJD-PPAS
tesh M| 51}

Y-O|ZAI"  (Y-maze

2 APl ot WAgEHY T =4 A5e
Fig. 49} 2t} thx7" % Scopolamines, GJ.D-P.P.A.
T Apolel] FAACE foF zolg #E &
T UATH/X0.05, Fig. 4). =, Scopolamineir-<]
75 71980 &do} WA dEE AU Het
20.80+3.25%%1 Whd o) ot 59.544242% %
7153k3ltk. ok, GJ.D-P.PA. 400 ¥ 800 mg/kg
Folo] - 43.6612.24%, 48.04:328% 5 7|=
&, 27y FAHeR §% oEHor F
o3t QA7 8 S wo] Fck wbde] 7t
TYeE Eo7ke & EAFE UEhlE total
entry*ll A= W37L 9l AR e 4539
Ao A ER1 aF31%0] spontaneous alternation
o] mouse?d EEFA Wzl 3 et FHo|
obd& & F ANUTHI0.05, Fig. 4).

Total entry (No.)

vehice 0 100 200 400 300 10 (mgkg)
+ + + +

G.JD.-PPA acrine

Fig. 4. Effect of a single administration of G.J.D -P.P.A. on scopolamine-induced memory deficits in

Y-maze test in mice.

A, spontaneous alternation, B; total arm entry. Data represent means * SEMN = 8-10).

P < 005 as

compared with the control group, P <005 as compared with the scopolamine-treated group.
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4. GJD-PP.AZL]
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Inhibition (%)
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Fig. 5. Effects of G.J.D, P.P.A., G.J.D-P.P.A. on
the acetylcholinesterase activity.
Inhibition ~ efficacy was expressed as percent
inhibition of enzyme activity compared to the
control  value(100%). Each value represent means
+ SEM(n = 3.
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do 4
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OFEA] ];H}_

FtZ272l diazepam 1 mg/kg FoIrellAl =
open arm®] W= A|7t# open armell &%t
314re] whitgo] 747} 55.91+2.40% 9} 61.72+2.19%
2 gzl vl fod A S &
AATHA0.05, Fig. 6). =3 GJD-P.P.A Tl
% 400 ¥ 800 mg/kgellAl open armell ™=
AZEe] miE-go] 747}t 57.68+2.61% 9} 49.90+3.09%
% UEFRIL open armell E413F Slre] wliEg
o] z+7} 63.27+1.31% %} 59.08+1.87% % ThETol
vl frold oA SRS BEE S Sl
TH7%0.05, Fig. 6). 53] 400 mg/kgs o
3 oh

open armelA = AJFEO] OF4

BN ey

I % of time spent in open arm

0 =1 % of open arm entries
& *
I » it =
60 - * .
L
T
0
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5
<
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en
=
K
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Fig. 6. Effect of a single treatment of the water

extract of G.J.D-P.P.A. and diazepam (Dia)
on the percentage of the time spent in
and the number of entries into the elevated
plus-maze over a 5-min test period in
the mice.
Each bar represents meantS.EM of 8-10 mice. P
values for the group comparisons were obtained
by one way ANOVA followed by Student-Newman
—Keuls test(*~ < 0.05 as compared with the vehicle
group).
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froto] WAsH=AE €<lsl] $18le] antagonism
studyS EPM<S Edto] eRelsioit. aheqh 2
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AlZ A1 Aol GJD-PPAE Fosta A%
A AE AIF 302 M 242} serotonin T8
A €] AR (5-HT1a receptor antagonist)?! WAY
100635(0.3 mg/kg, ip.)2F GABA &4 g
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mg/kg, ip)e WE Folslol EPMES A8
th. Fig. 714 & 4= gl viksl Zo] GJ.D-PPA.
400 mg/kg FolTolA open armel HF-E Al
Zke] wlEgo] 4791+1.72%F WEFIL, open
arme] EQ1I9F SlEo] wE-8o] 55.68+1.60% %
el wal f94 A SRS B
gk &= QIQItH(x0.05, Fig, 7). 712t} GJ.D-PP.A.
400 mg/kg Folirel flumazenils W& Foist
153} GJD-PP.A. 400 mg/kg Foltol WAY
1006355 & Folgt 25l open armel
5 AR wEgo] 247} 49.09+2.52% 9} 30.61
+321% 2 YEFEIL, open armel]l & 3159
W-go] Z47b 4929+1.40% 9} 42.04+2.38% % T
=07 Fost GJD-PPA. 400 mg/kg ol
%} GJ.D-PP.A. 400 mg/kg Foi°l flumazenil
2 W8 Fos a5 dizvel v fo4
A F7FekAIRE GJD-PP.A. 400 mg/kg
ool WAY 1006355 ™& Folst IHS
GJ.D-PP.A. 400 mg/kg Foiwoll Hlsl 24
A AAEHTS #HFE F AUTHx0.05,
Fig. 7). 279422, GJDPPA.S FE3t 24
o] serotonin &9 AFA|(5-HT1a receptor
antagonist)?l WAY 100635(0.3 mg/kg, ip.)2l3l
k3] apdEojA= ZOR Mol GJD-PPA.

7} serotonin AZAAE AGste] gl 2L

JERE Tl 4 9.

70 4

60

50 1

40 4

30 4

Percentage (%)

20 4

04 Ll
Control 10 03 400 400 400 (mekg)
+ : - + - 1

- WAY 100635
G.JD-PP.A.

Fig. 7. Anxiolytic-like effects of G.J.D-P.P.A. were

blocked by Way 100635 but not by
flumazenil.
The data is expressed as the mean(* S.EM) of
the percentage of the time spent in and the
number of entries into the open ams of the
elevated plus-maze, 1 h after the oral administration
of GJD-PPA(400 mgkg), GJ.D-P.PA00 mgkg)
+ Way 10063503 mgkg) or flumazenil(10 mgkg)
(30 min prior testing, ip.), or contro, N = 8-10
mice per group. P values for the group comparisons
were obtained by one way ANOVA followed by
Student Newman-Keuls test(*” < 0.05 versus the
vehicle - treated group, P < 0.05 as compared
with the G.J.D-P.P.A. - treated group).

6. Open field test

GJD-PPA.S &EF 2go] st dFA
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ool Bls ol Al Aasta Qlas ERlst
At o] diazepam?| 1EFOoE Qg HA S

280]¢k 1 FEAo 7IAE _
#1} GJD-PPATY & o]5AgE 217} 1987.70
+65.54 cm, 2123.31+84.26 cm,
2104.30£100.03 cm% &

9 GJD-PPATNA Fo4 e 2polE RO
A ok9ktHTable II).
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Table Il. The effects of G.J.D-P.P.A. on the
locomotor activity in the OFT.
Group Dose (mg/kg) Locomotor Activity (cm)

Control 2019.95 + 60.26
Diazepam 5 94840 + 7731+
100 1987.70 = 6554
200 212331 + 84.26
GJDPPA 400 224754 + 6626
800 2104.30 + 100.03

fstel HWTE AASH3ith Fig. 8ollA &

T S THA0.05, Fig. 8). olEst 4
GJ.D-PPA= YUWHAQl 3=sk k=
A

= j8S
2 s 28olgke] pakgol
S o
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Fig. 8. Performance of mice in the HWT 1h after

96

£ 0o
S

oral administration of control, diazepam
(5 mg/kg), or G.J.D-P.P.A..

Data represent percentage of mice grasping the
wire after administration of G.J.D-P.P.A. Each bar
represents the mean = S.EM. of 8-10 mice. P
values for group comparisons were obtained by
one way ANOVA followed by Student Newman-Keuls
test(+~ < 0.05 versus the control group).
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