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The aim of this study was to investigate the anti-amnesic effect of Stachys sieboldii MIQ. according to
the mixing ratio of calcium on scopolamine-induced learning and memory impairment, in vivo. At the
end of the adaptation period, SD rats were divided into a normal group (N), a control group (C: sco-
polamine), a positive control group (PC: scopolamine + tacrine), and a sample group (S: scopolamine
+ Stachys sieboldii MIQ., 1CS: scopolamine + low calcium-mixed Stachys sieboldii MIQ., 5CS: scopol-
amine + high calcium-mixed Stachys sieboldii MIQ.), and were tested with learning and memory tests.
The C and CS groups were found to have a decreased scopolamine-induced memory deficit in the
Y-maze and water maze tests. Brain tissue analysis showed that the CS group decreased acetylcholi-
nesterase (AChE) activity and increased acetylcholine (Ach) content, both of which are indicative of
neuronal cell activity. From a light microscopy study, the nucleus of neurons in the hippocampus of
the brain was more shrunken or condensed in the C group compared to the CS group. In the CS
group, the damage to the neurons in the hippocampus of the brain was suppressed. These results sug-
gest that Stachys sieboldii MIQ. according to the mixing ratio of calcium provides a significant anti-am-
nesic effect against scopolamine-induced cholinergic system deficits and cognitive impairment.

Key words : Acetylcholine, acetylcholinesterase, dementia, scopolamine, Stachys sieboldii MIQ.
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Table 1. Composition of experimental diets (%)

N c PC S 1G5 5CS

Sucrose 45 45 45 45 45 45
Casein 20 20 20 20 20 20
a-Corn starch 15 15 15 10 10 10
Corn oil 10 10 10 10 10 10
Cellulose 5 5 5 5 5 5
Mineral mix1) 35 35 35 35 35 35
Vitamin mix2) 1 1 1 1 1 1
L-methionine 03 03 03 03 03 03
Choline bitartrate 02 02 02 02 02 02
Stachyssieboldii MIQ. - - - 5 45 25
Ca - - - - 05 25

Total (%) 100 100 100 100 100 100

N : Normal

C : Control, scopolamine 5 mg/kg.

PC : Positive control, scopolamine 5 mg/kg + tacrine 2 mg/kg

S : Scopolamine 5 mg/kg + Stachys sieboldii MIQ.

1CS : Scopolamine 5 mg/kg + low calcium-mixed Stachys sieboldii
MIQ.

5CS : Scopolamine 5 mg/kg + high calcium-mixed Stachys
sieboldii MIQ.

DAIN 93 M-MX mineral mix, MP biomedicals, Illkirch, France.

JAIN 93 VX vitamin mix, MP biomedicals, Illkirch, France.
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= O
T(C), ¢4 dl Z%L(PC) AR,
1CS, 5CS)°ll scopolamine hydrobromide (Sigma-Aldrich Co.,

USA)E 5 mg/kg &% 02 B7 Fostginh. 42+ (PC)
T gzsto|vy ARAZ ABHI 9+ tacrines 2 mg/kg
§FoZ T3

AYUSE ¥ M=ZxA

APEE2 578 Y Sprague—Dawleyﬁ] —r7‘] 4-.4 =]

5 22427,
& 24 79:00~21: 00)01 x}E HAE 5
A A A ASE T AFLT AlE 18 ARE Foetd
A ARSA SR ASAZT A0 F, 4 2ol A AFol
Y 3tA ¢34 (randomized complete block design) 2. &
ok AAT(N), 2T (C

(PC: scopolamine + tacrine¥o]), Al (S: scopolamine +

o
a1
=)

I+
a1
R
o,
0
-N
N,
—_

i

: scopolamine o), ¥4 o =

Stachys sieboldii MIQ.%¢], 1CS: scopolamine + low cal-
cium-mixed Stachys sieboldii MIQ. %<, 5CS: scopolamine +
high calcium-mixed Stachys sieboldii MIQ.F ). & Z 612
2 o] Fig. 13 2] 48< 13 stsinh *‘?ﬂ%%ﬁ 7
TORG 7ope] A R AL Aol & AfEe] AZlon, A
713 7 Aol AAFL W, AL 7d S FVIR AR A
ol Sttt o] 482 Fotdta TE&Ads Y <
QI (DIACUC-%¢1-15-13)& Hro} Alj3qint.

W2 24 RS FAGEA A%
U 1247 o4 BANZ F COE THA

#HE4
A A fHE AT e & B dFH oz E st
s A3, oF 3081 Ao WA A F 3,000 rpml
A 2087 AAEE st 4 S A B4 AF
SD-rat male,
5 week-old
Environmental
adaptation period,
for 1 week
31 week : Morris water maze
& Y maze training for 3days
Treatment
period,
for 4 week
4™ week : After scopolamine injection,
Morris water maze
& Y maze test for 3days

Dissection

Fig. 1. Experimental design of animals.
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9l A¥EEY ¥ 24 2231 1049 homoge
nization buffer (12.5 mM sodium phosphate buffer pH7.0,
400 mM sodium chloride)2 ¥ 8 3}3}e] 1,000x gol A 10%7¢
A4 2P F 4EY QvE LadoR ASHUL,

TE0|12 A8
FZu 2 A3 Morrise] W21 wet gAd s
FFHZEAR AA e FUNEE 2 7198 s 24
M A 20] 140 cm, =0]7} 45 cm$l Y5z 9t
70% A1 S9E do] oto] EQpHOIA UL

A 20| 15 cm, E0]7} 35 amQ Y7 =
7t HEE B golE zddGo
HEE st d¥gze v1Y 7Y
AA %E( ) H( W), 4E(6H), ¥
!

Z B B

~Training trial: 3% & -’onﬂ HolA EgE =9
AZHE 022 ST Ratrt 02 Yol ERES A X3hd
Aol ERF SFL 152 F¢ WAL F, 302 Hel
s Fzxd ¥ FAF =Lt ALE 7153 T
Rat7} 152 Well ZHFo] =26A W training trialo] ¢%
H Aoz 7VFE g

~Test trial: training®] $5% FHES AFTFN), =T
(Q), FAUZTFPC), NEF(S, 1CS, 5C9) L2 Yro] 7 79
t)3ted escape time2 ZA3H5th 19 284 39 ok =3}

Aow), SAYHL training trial'$ Y 3 TL3H Hdf 54
AZHe 90z 2 39Tt

YA 0|z AE

Ao ALE YA HEE EFY ofad AR 379
armO 2 FAE Jom, Zt arm®] Ao], ¥o], YHl = 58,
25,15 cm©lt. Z} arm< A, B, CZ Ad & T4l HHAE
ZA 28 1 108 FeF FF7F £t amd] o] FAHEE
71831901, 1Y 234 39 ¢ AT 379 A=

£ armd AE = %01 A 1™ (AARA, actual alter-
nation)# 5
5 %3l (total arm entry)9} A
A4kt A TH18].

Alternation behavior (%)= Actual alternation / Maximum

Fojskal & %5 9 (alternation behavior) %
PN

F8 o g3tol ol 4§

alternation” x100

"Maximum alternation = Total number of arm entry -2

| xZ|9| O}AﬂE'EEl(acetylchollne) Bt
ol e Ed &% 242 Hestring WH[12]90
line hydroxylammeg 7H o-acyl FEEY WHEE VRE

A5t ¥ #2829 50 plE 1% hydroxylamine 50 plE

A7vete EFE F FeCl (10% in 01 N HCI) 500 plE 37+
0 FHE(40 nm)E SR oD 2 FFL 2H
Atk

=|Z=Z{9f OLM| & Z2I0| AH|2tH (acetylcholinesterase) &
M 5%

opAl g Fd o 2B Al 242 acetylcholine iodideE 714
2 AH&-3he Ellmand] HH[8]E Wy dte 434t 0.1M
phosphate buffer (pH 8.0) 2.6 ml, 10 mM Ellman’'s &% (10
mM 5,5 -dithio-bis-2-nitrobenzoic acid, 15 mM sodium bicar-
bonate) 100 ul, £4 Y 02 mlE cuvetteo] 23 410 nmol| A
FAEE 34T ¥, 75 mM acetylcholine iodide (Sigma-
Aldrich Co) 20 yIE A7h3te} 2871 3= WalE 245t
Al Ak3E AT

£t
Hz2 o F di A Lowryo ®HH[19]9] 3t bovine se-
rum albumin (Sigma-Aldrich Co.)& XEEAE 3to] A3}

.

Hippocampus®| Ha2|XXstx 2t

TENF AF e HE Y4 A= Rt
< AAT ool A 229 hippocampus 95 3l
zHzzuad g9 1A EAA 2AAF9 7
g3 2 FAHE AA 3~4 um FAE AHS hematoxylin
and eosin (H&E) @43 ¥ 333 w% (Olympus BX41.
Olympus Co., Tokyo, Japan) 2.2 ##3}$] 2 automatic digi-
tal slide scanner (3D Histech)& o] &3t Azl &Yt
Bl

9
10%

EAAE|

AP0 2HE doj7 AFE one-way ANOVA AA <
& F I EF QA (meant SE)E FEASR o, 74 APT
2te] 94 # %2 Duncan’s multiple range test® s} 1Tk
[7].

2 3 ¥

YA 0|2 A3

YA W2 AP FEUA AP ALHE THE ted
nEoln, g A5e il 7199 2 FAAAHE e 97}
& 4 e T ol TH18]. Scopolamines FoJ3te] 719 g7}
a5 s &N A4 RE S e E YA R AYS
ANERI 1 AFHE Fig 240 YERRAT 108 F¢+ 84
of YT #AF A7, NT(100%)7 vlus) & o, CF9
7199 8 F0AAHo] @A Astd dio] AEHIU
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Fig. 2. Effect of the calcium-mixed Stachys sieboldii MIQ. on
scopolamine-induced dementia rats in Y maze test. (A)
alternation behavior, (B) number of arm entries. Values
are mean * S.E., n=7. Abbreviations are the same as in
Table 1. Values with different letters are significantly
different at p<0.05.
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Table 2. Effect of the calcium-mixed Stachys sieboldii MIQ. on
scopolamine-induced dementia rats in Morris water

maze test (sec)
1Day 2Day 3Day
N 10.00+0.82° 8.00+1.27° 6.57+0.65°
C 30.29+2.31° 26.57+2.52° 21.71+2.31°
PC 10.8620.74 8.14+0.91° 7.29+1.15%
S 22574117 19.14+2.09° 13.29+2.11¢
1CS 14.00+0.87 12.00+1.20™ 9.14+0.83°
5CS 12.00+1.05™ 10.14+1.01° 8.71+1.48°

Values are mean *+ S.E., n=7.
Abbreviations are the same as in Table 1.
Values with different letters are significantly different at p<0.05.

30

b
c
20
a
a
10 a a I
0
N C PC S 1CS 5CS

Fig. 3. Effect of the calcium-mixed Stachys sieboldii MIQ. on
scopolamine-induced dementia rats in Morris water
maze test. Values are mean £ S.E., n=7. Abbreviations
are the same as in Table 1. Values with different letters
are significantly different at p<0.05.

Escape latency (sec)

water maze tests A H 3G 1L[21], o] E Table 29} Fig. 3|
UEFY 9L T} Morris water maze test®l] Al escape latency 9] 7t
A A71719% 28 da5Y S dehle Aeg, 5
20A 3UZ AATES AP AF} e FFUE Y
platform®] 91X & Zo}7b= escape latency 7t 743814 o}
scopolamine £ & T3 713 St55d &40l AAA
o2 f=d 7/4\8 Q 18 & AATH15]. oY, ST S5 &
Hl 28 u, escape latency7} Ry
Bt 56, CST& Na3t 794

o= % A 2 A ERE dE oY, 5G5St 1CS
T 2] froAQl AtolE HolA Rof Ag wol wE A
e #EEHA okt

Kim &[15]¢] 974 flavonoids®| 3t4<l oroxylin-A7}
scopolamine A v+ A F oA & At o], TAVI H
JAAAG7ZE 5 FFHERY platform?] H A E OIX] }
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E|ZZF9| OtM|EEEl (acetylcholine) &2

ol A 2 Z Y (ACh)& acetyl CoA%t choline acetyltransfer-
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< Fig. 4°] YRSl C
315% ZHa3tga, ol ]91‘15‘1 ELE R
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Sw ¥ 59| ACh F&& Cof HléH £
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U} 5CS©] 0.43%0.01 pmol/mg protein,o_i 73

HAou 1CST# oAl 2poj& HolA gttt A
zstoln Ao ACh FFo] #Hadtte RIS 13}
= o, Zg g uEod B 23 437 E2stoln
A 37 Sl AoE AREY.
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rifl iﬁ e Nl

T ZZ[9| OlMEZEI|AH2MI(acetylcholinesterase)
A

o

1]
M

ol A g Z & o ~H 2HA|(AChE) 849 F7te oAEZd
gheko] A9 nANAR AAFHA Y BHo] glom,
AChEE ol € F S acetate?} cholinel. 2 £330 24

ad d d
¢
I I
C PC S 1Cs 5CS
Fig. 4. Effect of the calcium-mixed Stachys sieboldii MIQ. on
acetylchol-ine concentration in brain of scopolamine-
induced dementia rats. Values are mean + S.E., n=7.

Abbreviations are the same as in Table 1. Values with
different letters are significantly different at p<0.05.
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Fig. 5. Effect of the calcium-mixed Stachys sieboldii MIQ. on
acetylchol-inesterase activity in brain of scopolamine-
induced dementia rats. Values are mean + S.E. n=7.
Abbreviations are the same as in Table 1. Values with
different letters are significantly different at p<0.05.
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Fig. 6. Histopathologic changes in hippocampus of brain on scopolamine-induced dementia rats. The brain sections were stained
with hematoxylin and eosin (H&E stain). Abbreviations are the same as in Table 1.
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