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Neuropretective effect of Kupunggibodan, Gamismmil-tang and
Whangryunhaedok-tang on the ischemia-induced learning and
memory deficits by MCAO in the rats
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Abstract

Kupunggibodan(KU), Gamisamul-tang(GA) and Whangryunhaedok-tang(WH) are clinically the
most popular prescriptions as an herbal medicine in the treatment of ischemia. In order to compare and
evaluate their protective effects on the ischema-induced cognitive deficits by middle cerebral artery
occlusion (MCAO), we examined its ability to improve ischemia-induced cell loss and impairements of
learning and memory in the Morris water maze and eight-arm radial arm maze. Focal cerebral ischemia
produced a marked cell loss, decrease in acetylcholinesterase(AchE) reactivity in the hippocampus, and
learning and memory deficits in two behavioral tasks. Pretreatment with WH (100 mg/kg, p.o.)
produced a substantial increase in acquisition in the Morris water maze. Pretreatment with KU
increased the perfomance of the resention test in the Morris water maze. WH, KU and GA caused a
significant improvement in choice accuracy in radial arm maze test. WH was superior to KU and GA
in perfomance of the radial arm maze test. Consistent with behavioral data, staining with cresyl violet
showed that pretreatments with WH, but not KU and GA significantly recovered the ischemia-induced
cell loss in the hippcampal CAl area. In addition, pretreatments with WH and KU recovered the
ischemia-induced reduction of ‘AchE reactivity in the hippocampal CAl area. These results demonstrated
that KU, GA and WH have protective effects against ischimea-induced learning and memory
impairments and that the efficacy was the order of WH>KU>GA in tratment of ischemia induced
memory deficits, The present studies provide an evidence of KU, GA and WH as putative treatment of
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6. Histochemistry

1) Cresyl violet A4

B AF Age]l ¥ AF AYyxEs
sodium pentobarbital(80mg/ke, i.p.) 2 v}H 4]
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Fig. 1. Comparison of acquisition performance
on the morris water maze task among
the five groups of the rats. The task
was started on the 3th week after
ischemia-induced treatment and was
performed with four trials per day for
6 days. Repeated measures of one-way
ANOVA of swimming time among the
groups and followed by Tukey test. *,
P<0.05, **, P<0.01 as compared with
the corresponding data of SHAM
group. ++, P<0.01 as compared with
the corresponding data of SAL+ISCH
groups. : .
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1.3%, GA+ISCHZ& 1300422 X th7tef
o4 Ae AolE 29 oHF(4,36)=7.874,
P<0.001]. ol ¥ A F43A 23, AER
B2t Fof Fo] ischemia 7ol o5 EA3
o2 FofstA iz ok (P<0.01), 23§
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o

Time spend in quadrant(%)’

Fig 2. Comparison of retention performance
on the morris water maze task among
the five groups of the rats. The task
was started on the 6 day after
aquisition test and was performed with
four trials per day for 7 day. Measures
of one-way ANOVA of time spend in
quadrant(%) among the groups and
followed by Tukey test. ***, P<0.001 as
compared with the corresponding data
of SHAM group. ++, P<0.01 as
compared with the corresponding data
of SAL+ISCH groups.
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2. ALY olz29f FR|o| F HE
714y &3

2-1. Focal cerebral ischemia St clloff A
Ay a2 stge] F2 FHMH(comect
choice) & & 4EX{X|Z2 o

Zt 7+ AEFEY gesdsd /19y A=

7} & Fig. 3% 2o WAy v]2 g4 6

9 3002 F2E AHHA = A
sts §EA8AM A 194 SHAMZ

3.120.2%, SAL+ISCH7 & 3.3:0.3%, WH
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o]7F vebA]  ¢kottiF(4,33)=2.018, P=
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SHAMZ & 2778:7.7%, SAL+ISCHZ&
280.4+3.6%, WH+ISCH#& 271.4:08=,
KU+ISCH#& 2724+742%, GA+ISCHZ-&
2750104z 2 49 A glo] 8434 Jdeige
o, &go] sl ozl uviAet 6=
SHAMZS 171.9+10.1%, SAL+ISCHZ&
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175.0+16.9x22 H<lt7ltol] -9 &l o]}
vtz oot [F(4,20)=1.117, P=0.37

6](Fig. 4). olol g FAAA 8749 F
25 At 2ed Ze s A7EE ischemia
kPl AAF s E el xelx] @
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Fig 3. Comparison of acquisition performance
on the eight-arm radial maze task
among the five groups of the rats. The
task was started on the 4th week after
ischemia-induced treatment and was
performed with four trials per day for 6
days. Repeated measures of one-way
ANOVA in correct choices showed no

T
[
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Fig 4. Comparison of acquisition performance
on the eight-arm radial maze task
among the five groups of the rats. The
task was started on the 4th week after
ischemia-induced treatment and was
performed with four trials per day for 6
days. Repeated measures of one-way
ANOVA in the running time revealed a
groups and followed by Tukey test.

2-2. Focal cerebral ischemia FL 2 doljA{ &t
Al oz &&5e Fz Aie(eror
rate) = AU AEHX|F F
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ig. 59} ztci. HHP% o]z oA 6
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A" £3 2 sts YSA P4
& 46+0.3%, SAL+ISCH
+& 45:0.3%, WH+ISCHZS 4.3:02x%,
KU+ISCH#& 4.5:0.1%, GA+ISCH7T2
4610222 H94 ol wlLEA dehte
of, ggo] AR oz} olx)g U=
SHAMT & 2.0:0.3%, SAL+ISCH#& 36
0.4z, WH+ISCHZ & 2.3+0.2%, KU+ISCH
F& 24:03%, GA+ISCHZ 2 29:02z2
ALl F4 ole #Hol T MAHFE3D)
=31.650, P<0.01]. o]d] & U o2& A=
AxZA As 2476 = AHGE FoAF
(P<0.00D)3 AFARD Fof F(P<0.01)e], 4
ARl & g & 5t £ 7(P<0.05)3 719) 4}
8 T FHP<0.05)0], 5L Aol &= FA#) 5
2o 2(P<0.01)3 A& B} Fo F(P<0.001)
o] ischemia 2o dis] EAH o2 &3

- oA -
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s}
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Fig 5. Comparison of acquisition performance
on the eight-arm radial maze task
among the five groups of the rats. The
task was started on the 4th week after
ischemia-induced treatment and was
performed with four trials per day for 6
days. Repeated measures of one-way
ANOVA in the errors revealed a groups
and followed by Tukey test. **, P<0.01,
“**, P<0.001 as compared with the
corresponding data of SHAM group. ++,
P<0.01, +++, P<0.001 as compared with
the correspondmg data of SAL+ISCH
groups.
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Fig. 6. Representative microphotographs of coronal sections showing cresyl violet in the
hippocampus of SHAM(A), SAL+ISCH(B), KU+ISCH(C), GA+ISCH(D), WH+ISCH(E) groups.
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Fig. 7. The values of density of cresyl violet-
stained sections in the hippocampal
formation areas are shown. Measures
of one-way ANOVA in the count
revealed a groups and followed by
Tukey test. ***, P<0.001 as compared
with the corresponding data of SHAM
group. ++, P<0.01 as compared with
the corresponding data of SAL+ISCH
groups.
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Fig. 9. The values of density of acetylcholine
esterase(AchF) stained nuclei in the
CAl in the hippocampal formation
areas are shown. Measures of one-way
ANOVA in the count revealed a groups
and followed by Tukey test. *, P<0.05
as compared with the corresponding
data of SHAM group. +, P<0.05 as
compared with the corresponding data
of SAL+ISCH groups
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Fig. 8. Representative microphotographs of coronal sections showing AchE in the CAl of SHAM(A),
SAL+ISCH(B), KU+ISCH(C), GA+ISCH(D), WH+ISCH(E) groups.
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Fig. 10. Representative microphotographs of coronal sections showing AchE in the CA3 of SHAM(A),
SAL+ISCH(B), KU+ISCH(C), GA+ISCH(D), WH+ISCH(E) groups.
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Fig. 11. The values of density of acetylcholine
esterase(AchE) stained nuclei in the
CA3 in the hippocampal formation
areas are shown. Measures of one-way
ANOVA in the count revealed a
groups and followed by Tukey test.
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