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Objectives: The objective of this study was to observe the anti-amnesic effects of Yukmijihwang-tang
(YMJHT), on the scopolamine (Sco)-induced memory impairment in C57BL/6 mice through its favor-
able acetylcholine (ACh). Also, to observe acetylcholinesterase (AChE) activity, Choline acetyltransfer-
ase (ChAT) mRNA expressions, and antioxidant effect.

Methads: Six groups, with a total of 20 normal and 100 Sco treated mice were selected based on their
body weights after 1 week of acclimatization, were used in this study as follows. Half of the mice in
each group were used for passive avoidance task tests and hippocampus ACh content, AChE activity
and ChAT mRNA expression measurement, and the remaining half in each group used for Morris water
maze test and measurement of cerebral antioxidant defense system.

Results: Amnesia due to AChE activations and destroyed cerebral cortex antioxidant defense systems
were markedly and dose-dependently inhibited after 28 days of continuous oral pre-treatment with
YMJHT 400, 200 and 100 mg/kg, respectively. The overall effects of YMJHT 400 mg/kg were similar to
those of tacrine 10 mg/kg.

Conclusions: Based on the results, it was established that oral administration of YMJHT favorably alle-
viates Sco-induced memory impairment, through preservation of ACh, mediated by up-regulation of
ChAT mRNA expressions and related AChE inhibition and augmentation of cerebral antioxidant de-
fense system, at least in a condition of this experiment. The overall effects of YMJHT 400 mg/kg were
similar to those of tacrine 10 mg/kg.
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4 wqeks

Male 6—week old

Three different dosages of YMJHT or 10 mg/kg of Tacrine
Oral administration, once a day for 28 days

—> 2 C57BL/6 mice 4

Passive avoidance Day et

Water maze test

Memory impairment was induced by scopolamine intraperitoneally
treatment (1 mg/kg) at 1 hr after the 7, 14 and 28th test material

Day 131 Day 27TI
Sacrifice
Sampling

At end of last

retention test

administration, respectively, After 30 min, the training test was performed.
Retention test was performed 24 hrs after the training test, respectively

Hippocampus ACh content and AChE activity with antioxidant defense systems—Lipid
peroxidation, GSH contents, SDO and CAT activity

Fig. 1. Experimental Design Used in This Study.

YMJHT: Yukmijihwang-tang extracts, Sco: Scopolamine, ACh: Acetylcholine, AChE: Acetylcholinesterase, ChAT:

Choline acetyltransferase.
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Table 1. Composition of YMJHT Used in This Study

Herbs Scientific Names Am((;t;ms
Rehmanniae Radix Rehmannia glutinosa Liboschitz 2
Preparat var. purpurea Makino
Dioscoreae Rhizoma  Dioscorea batatas Decaisne 1
Corni Fructus Cornus Officinalis Siebold et 1
Zuccarini
Hoelen Poria cocos Wolf 1
Moutan Cortex Paeonia suffruticosa Andrews 1
Alismatis Rhizoma Alisma orientale Juzepczuk 1
Total 6 types 7

YMJHT: Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon, Korea).
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Table 2. The Specific Sequence for Each Primer

Gene PCR primer sequences
ChAT Foward 5-CTTGGATGGTCCAGG- CAC-3’
Reverse 5'-GTCATACCAACGATTCGCTCC-3’
B-actin Forward 5-TGGTGGGTATG- GGTCAGAAG-3’

Reverse 5'-CATGGCT GGGGTTGAAGG-3'

ChAT: Choline acetyltransferase.
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A(OPTIZEN POP, Mecasys, Daejeon, Korea)s AM-}o]
1 g3 nM of MDACE 4% 525 nmollA TBA(thio-
barbituric acid) testS A3}l ZAslArH?. kg
9] 9k bovine serum albumin (Invitrogen, Carlsbad,
CA, USA)= ARg8te] <Al wF4el s S4313ich. GSH
o] & Fs] Sl &nlE E8ES 25% trichloro-
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dows (Release 14.0K, IBM SPSS Inc., Armonk, NY, USA)
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Table 3. Changes on the Body Weight Gains in Normal Mice and
Scopolamine-Induced Amnesia Mice

Body weights at

Times First Weight gains
Groups administration* ~ Sacrifice [B] [B-A]
(A]

Normal 19.50+0.86 23.81=1.11 4.31+0.83
Control
Scopolamine 19.48+0.85 23.96+1.33 4.48+0.76
Tacrine 10 mg/kg ~ 19.57+0.85 23.82+1.25 4.25+0.77
YMJHT treated

400 mg/kg 19.45+1.01 24.02+1.24 4.57+0.69
200 mg/kg 19.51+1.05 23.83+1.27 4.32+0.65
100 mg/kg 19.46+1.14 24.20+1.39 474110

Values are expressed as Mean=S.D. of twenty mice, g.

YMJHT: Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon, Korea).

*All animals were overnight fasted before initial test material treatment.
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crine EOHF} H Bl o AR a3kE B elthFig.
3).

j<ﬂ%%}—“iﬂ(step—through times)®] %7 A3} Scotfz
wste] 11 ARt 77.77% E01ESIT
SCOI‘H}_ J—‘r H| W3] tacrine Fowtoll A= 261.80% 2
AFE719] S7PF AL, SRR 400, 200 LA
100 mg/kg FoltellAl= 242t 256.58, 175.57, 79.96%
o] HIERE AlFE717E S7F= ek

—e— Normal mice

—o— Sco control mice

—¥— Tacrine 10 mg/kg treated mice

—&— YMJHT 400 mg/kg treated mice

—a— YMJHT 200 mg/kg treated mice
26 4 —%— YMJHT 100 mg/kg treated mice

24
22 1

20 1

Body weights (g)
-+

18 1

16 T T T ft ft T TT T 1

-1 0 1 6 13 20 27 28
Days after initial test substance administration

Fig. 2. Body Weight Changes in Normal Mice and Sco-induced Amnesia
Mice.
No significant or meaningful changes on the body weights were detected in all
Sco treated mice as compared with normal mice, and also no noticeable
changes on the body weights were detected in all three different dosages of
YMJHT or tacrine 10 mg/kg treated mice as compared with Sco control mice.
Values are expressed as Mean = S.D. of twenty mice.
YMJHT: Yukmijihwang-tang extracts, Sco: Scopolamine.
The day -1 means 1 day before initial administration of test materials.
The day 0 means at first test material administration.

AH animals were overnight fasted before first test material administration.

™Sco was intraperitoneally treated at 1 hr after the 7, 14 and 28th test sub-
stance administration.
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Fig. 3. Changes on the Step-through Latency Times of Passive
Avoidance Task Test in Normal Mice and Sco-induced Amnesia Mice.
Note that significant decreases of the step-through latency times were detected
in Sco control mice as compared with normal mice. However, significant in-
creases of step-through latency times were detected in tacrine 10 mg/kg, YMJHT
400, 200 and 100 mg/kg treated mice as compared with Sco control mice,
respectively. YMJHT 400 mg/kg showed favorable effects on the passive avoid-
ance task test as comparable to those of tacrine 10 mg/kg, in this experiment.
Values are expressed as Mean=S.D. of 10 mice.

YMJHT: Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon, Korea), Sco: Scopolamine.

*p<0.01 as compared with Normal Mice by LSD test, bp<0 01 as compared
with Sco control by LSD test.
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Fig. 4. Changes on the Escape Latency Times of Morris Water Maze
Test in Normal Mice and Sco-induced Amnesia Mice.

Note that significant increases of the escape latency times were detected in Sco
control mice as compared with normal mice. However, significant decreases of
escape latency times were detected in all test substance administered mice in-
cluding tacrine 10 mg/kg as compared with Sco control mice, respectively.
YMJHT 400 mg/kg showed favorable effects on the Morris water maze test as
comparable to those of tacrine 10 mg/kg, in the current experiment.

Values are expressed as Mean=S.D. of 10 mice.

YMJHT. Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm (Hwasoon, Korea), Sco: Scopolamine.

b <0.01 as compared with Normal mice by MW test, p <0.01 as compared
with Sco control by MW test
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Stof tacrine fFoltollAli= 34.92% ¢ ACh ok %7}7}
24|91, Su| AR 400, 200 1837 100 mg/kg F
Tl 742 33.84, 25.57, 18.84%2] &= oﬂu&z,
el ACh o] S7Fslolct.

O

5. aiOtERE Lo M2 AChE &/ o| st

3 BE SF9E w, ScotfERtolAe] diute]
AChE QEM T FoA(p<0.01) 7F= %It Tacrine %
o]t SRS ot ScothRt HlwolS of
dfate] AChE €457 el AI(p<0.01) ZHAaskaict.
S| A3 FoftollA] juke] AChE 2% a8
Qé‘ﬂﬁ ZAo] =L, SH|AE 400 mg/kg Folt
2 tacrine Fola} Bl o SARE BIlE BT}
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Fig. 5. Changes on the Hippocampus ACh Contents in Normal Mice
and Sco-induced Amnesia Mice.

Significant and dose-dependent increases of the hippocampus ACh contents
were demonstrated in all three different dosages of YMJHT treated mice as com-
pared with Sco control mice.

Values are expressed as Mean=S.D. of 10 mice.

YMJHT. Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon Korea), Sco: Scopolamine; ACh: Acetylcholine.

°p<0.01 and °p<0.05 as compared with normal mice by MW test, °p<0.01 as
compared with Sco control by MW test.

(Fig. 6).

Bl AChE TS 243t A3} Scot|Za-e Al
I} Blsto] Y7t 94.10% vﬂ*} t}. Scothz<tat H
W3] tacrine FolwtolAE 34.80%2] AChE SAE 74

7F ZAE A, SRR 400, 200 12|32 100 mg/kg
FoltollA= Z12F 34.35, 25.43, 15.50%2] Hl-&= AChE
D=L Aol

6. SHOFZEX| LA ChAT mRNA 2&io| B35}

T HInE Skl o, Scothatoll A9l 8HHBSZ4
o] ChAT mRNA o] f2f8kAI(p<0.01) 4
Tacrine Fofuta}h S0 Fofit2 Scoth &t} Hlﬂ
8192 o ofjutz4] o] ChAT mRNA 2ol fofsiAl(p<
0.01) S7Ist3ich. s[RI FoigtolA sfnfzz] Uil
ChAT mRNA 39| $7l= 85 o4 o= Z7o] H3l
I, SRS 400 mg/kg Folw tacrine Fodut} H
Wl W AR AyE HlthFig. 7).

ChAT mRNA S 279t 23} ScotRt2 A4kt
Hlslo] 38.61% EolE3it). Scoth®wtt H] Wl ta
crine Fol7olAE 36.16% ¢ ChAT mRNA ¥ 5717}
249l Sa)RekEr 400, 200 “12]3l 100 mg/kg SO
ToAE 74 34,40, 28.96, 18.24%2] vl&= #ulz2]
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Fig. 6. Changes on the Hippocampus AChE Activities in Normal Mice
and Sco-induced Amnesia Mice.

Significant and dose-dependent decreases of the hippocampus AChE activities
were demonstrated in all three different dosages of YMJHT treated mice as com-
pared with Sco control mice, respectively.

Values are expressed as Mean=S.D. of 10 mice.

YMJHT: Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon, Korea), Sco: Scopolamme AChE: Acely\cho\mesterase
n<0.01 as compared with normal mice by MW test, °p<0.01 as compared with
Sco control by MW test.
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Fig. 7. Changes on the Hippocampus ChAT mRNA Expressions in
Normal Mice and Sco-induced Amnesia Mice.

Significant and dose-dependent increases of the hippocampus ChAT mRNA ex-
pressions were demonstrated in all three different dosages of YMJHT treated
mice as compared with Sco control mice, respectively.

Values are expressed as Mean=S.D. of 10 mice.

YMJHT. Yukmijihwang-tang extracts, which were purchase from Korea INS
Pharm. (Hwasoon, Korea), Sco: Scopolamine, ChAT: Chohne acetyltransferase.
p<0.01 as compared with normal mice by LSD test, p<0 01 as compared with
Sco control by LSD test.

Yol A19] ChAT mRNA H&o] =7}l

7. tx[o Fatet Ho{A| AR Zat

] At} WOl A ARIS] RS ffoll MDASH GSH &
2, ti] 7 QoA 9] CAT} SOD 49] 58 H7Fsl
=



1) | MDA X|£2| 35}

gkt Bl ol w, ScothRtellAl9] tik o] A
A i MDA glo] f-oJ8tAl(p<0.01) S7F=%ich
Tacrine Tt} SR Tt Scotf 2wt Hal
SF9Z wf MDA #Ho] §2JslAl(p<0.01) A4St &
] 2|2k ool A tix] MDA #Ele] i g o=
Hog ZAjo] HQla, |uAe 400 mg/kg Folu->
tacrine FolTt} HIWSIGlE W fARE A¥E Hlo
(Table 4).
MDA A5 274 A} ScotRa- AAET} v ws}o]
112.24% Z7Fstct. Scot -} H] w8} tacrine S
oA 35.60%2] MDA #HEe] 747t 249l
AZFe 400, 200 1)1 100 mg/kg FoiaollA
33.52, 24.13, 18.24%2] Hl-&= MDA A7} 74

J‘

[e]
el
7_}7_]—

et

[‘]F

k

O

2) th|e| GSH &hae| H3t

gt BluE P‘E—% o, Scoth&<tollAl2] T
GSH7F v«lﬂﬂ] 0.01) #AE3IH. Tacrine Folwtat
S| R 504%—% Scoth it Ml WSS wf T e]
GSH7} 52151 AI(p <0.01) Z7I3t3it). Sn| |8 Foldt
oAl 2] GSH ] $7h= 85 98 o= £Ao]
R, SRS 400 mg/kg FolvS tacrine ol
v welAe o FARE A3E EScHTable 4).

i o] GSH oHrds &89 23} Scoth 2w A/t
I} BBl 66.71% =01tk Scot —TLJJf H]ﬂ tod
tacrine FoIFA|l A= 90.74% tile] GSH 3H=ke] S7F
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7b Z78=901, SRR 400, 200 7123l 100 mg/kg
FoltollAl= Z¥7F 89.34, 65.78, 56.98%°] HIEE dj 9]
GSH $H+-g7F S71stsich

3) CHkle| CAT Ehge| M3t

AT} Bl S ok o, Scothzatol A2 ol Al
O] 3pASt mA CAT B0l 914 Al(p<0.01) 4st
Ar}. Tacrine Foja} S R|3fe; =ikl Scot| 2y}
B W3S uf diollAe] CAT E4do] G-2J3HAl(p<0.01)
S71eloet. Sn| g Foltof|A] diiefAe] CAT €4
o] S7h= &5 oEHos 2ol Hlal, SulAgE 400
mg/kg T2 Tacrine Fowtat H|woHdS of HARE
AIE EScKTable 4).

thxfol A1) CAT S-S &3t A3t Scotl 22 4
2} Hlaste] 70.85% Eo1E it Scoth Rkt vl stk
tacrine SOl A= 104.69% ©f thoflAle] CAT 24
S7PF F78=%a, SR 400, 200 1237 100
mg/kg Folwell A= Zh2F 103.47, 81.04, 41.22%9] Hl&
2 tixolAe] CAT BAe] F71slich.

4) tHk|e| SOD &/go| 3t

At g okkE w, ScothRellAe] Q]
SOD &Ao] 2J8Al(p<0.01) ZAaE1ct. Tacrine £
T SRR Folt e Scot Zky) vl Wt )
¥]2] SOD &Ao] FefekAl(p<0.01) 7kt S|
o FolollA] i SOD 849] $7h= 85 gedos
27o] E9lal, SuAEE 400 mg/kg Tl tacrine

Table 4. Cerebral Cortex Antioxidant Defense Systems in Normal Mice and Scopolamine-induced Amnesia Mice

ltems (Unit) Groups MDA (nM/mg protein)

GSH (nM/mg protein)

CAT (nM/min/mg protein) ~ SOD (nM/min/mg protein)

Normal 2.01+0.46 9.13+1.27 31.75+11.704 20.47+2.68
Control Scopolamine 4.26+0.55% 2.85+0.77° 9.26+2.30° 5.81+2.09°
Tacrine
10 mg/kg 2.75+0.26% 5.44+1.39% 18.95+2.73% 15.20+2 54
YMJHT treated
400 mg/kg 2.83+0.40% 5.40+1.30% 18.83+2.44% 15.27+1.91%
200 mg/kg 3.24+0.38% 4.73+0.68% 16.76+2.79% 11.60+2.05%
100 mg/kg 3.47+0.54% 4.48+1,05% 13.07£3.20% 8.72+1.54%

Values are expressed as Mean+S.D. of 10 mice, g.

YMJHT: Yukmijihwang-tang extracts, which were purchase from Korea INS Pharm. (Hwasoon, Korea), MDA: Malondialdehyde, GSH: Glutathione, CAT: Catalase, SOD:

Superoxwde dismutase.

p<0 01 as compared with normal mice by LSD test, p<0 01 as compared with scopolamine control by LSD test, °p <0.01 as compared with normal mice by MW test,

p <0.01 as compared with scopolamine control by MW test.
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tenic-acid=® FEFE A5 R HdofA o] 7ol 7
Az Sof tfste] Bzt Hlo] ¢lom, scopolamine &
U 2T i RS SR Sl A
5 okzo] Rof Gt pttlo] At AT Kol
2 gt
T S AIAH9 A EES] AChe TR,
7190 83t - dl=t, A7 a3t
scopolamine< muscarinic acetylcoline receptor
A2 A-gstc), ScopolamineS HIAEA A
3 otE R 8H=A S5 MIACHR 3! M2AChR]
ZRgsto] A B AN S5 9 TV E3A
AT, QlAjof) o] B e A5 A =
S} QlekA] ok ZeA 24 Aoflo] 7| ES Al
8ol OFEE AIBE BH= Zlo] WaAlole}. Hnke} A%
742 scopolamine®]] oot AZHAIIE /4ol 53] okt
Aos YA Y. OFﬂ = éEE o180} scopolamin
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2 AtoA= UW o] 7191 ZEle] ot 7jd g
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U HEE of-gste] FrFsigich

SR|AREe] Y avtE dolky] QfsiA o el A

FlolA] 710w} dixlo) skl SFetslA veRt A
o7 424 tacrine 10 mg/kgS RO 2 ARSI

Tacrine 10 mg/kg, <021 400, 200 12|31 100
mg/kgE 2897t Fofst o] A5, 53]u] Ad(Passive
avoidance task test), =502 A (Morris water-maze
test), ot ACh @&, AChE 24 9 ChAT mRNA
O S il piksl oA ARle] #sle} ol 7}
7} sloict. 453l9 A¥(Passive avoidance task
test)d} A =FulE A (Morris water-maze test)<
H & oFE Fo] o] % 28U &, Sco AA| 24AKF o]2e] A|
=t 7= diw]de] MDA =2 Al IS &
3 PB4} auks 24817 flel 2897t A&
ARl Al 7HA] 8] S ATt tacrine 501 Fof
GSH contents, SOD 9 CAT ¥5-& 519t

WA Scoth o] HolE A EH, nkeAo] B Uio]
scopolamines Fo AX|et A} ZgAdgtol vlsto] 4~52]
1] A¥(Passive avoidance task test)ollA Bh HofA <]
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HAFAIZE, & AE7(step-through times)2] |AI$H 7F
A7F ERIEIN, HelA Fu|E A (Morris water-maze
testo A EathE Aol P57 ](escape latency
time)2] WA Z7P7| WAE| L) T3k HE A Al o
o} 59] 22] Wol|Al2] ACh T} ChAT mRNAYHS] 71
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tiife] AEIRRE AL, SODSF CATEd % GSH
& ScotiRtel vl Al 2T SRSy
400 mg/kg®] 7% tacrine 10 mg/kge} AR BE L}
ERflh. o] Ayfse Su|A|gEoe] Hojk & Ato] 24
oA APl A ARIS] FTHAIA ScorfH] mRe-A0] 7]
24k kel AT anke JeRfgloha £ 2 9)
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