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Selaginella tamariscina Extract Improves Scopolamine-induced
Learning and Memory Dificits in Rats

Soon-Ju Chul, Jin-Sun Heo” and Kie-ho Sohn'*

IDepartment of Pharmacology, Kyungsung University, Busan 48434, Korea
’Pharm-Steril R&D Center, Southest Medi-Chem Institue., Busan 48287, Korea

Abstract — We investigated the effect of Selaginella tamariscina extract on the learning and memory impairments in sco-
polamine-induced (5 mg/kg, i.p.) dementia rats. Rats treated with oral tacrin (20 mg/kg, p.o.) as positive control group and S.
tamariscina extract 100, 200mg/kg, p. o. (SME 100, SME 200) as experimental group had significantly reduced scopolamine-
induced memory deficits in the passive avoidance test. The acetylcholine content were paralleled the results of the behavior
experiment. The acetylcholine contents of the experimental groups (SME 200 group) was higher than that of control group. We
also evaluated expression of VAchT, vesicular acetylcholine transporter. SME was significantly increased VAchT expression
on hippocampus of scopolamine-induced dementia rats. We suggest that S. tamariscina might exert a significantly neuro-pro-

tective effect on cognitive impairment.
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Asle] Fad A3 Fof shRY ¥z o] WA A
cholineZ} acetyl Co A% acetyl-transferase®l| <]3l| acetyl-
choline©. 2 =31 acetylcholine(Ach)< acetylcholinesterase
(AChE)] ¢J8)] acetate®} choline® 2 3% 2 olA Al
42291 AChE 9] Z8-0= Ach 9] o] 742 A] 7|98 A
37} dojdt) & w2744 &3} 91 scopolamineS
muscarinic acetylcholine receptor, 53] Ml receptor®] Z &+
A ZA] 283}, Scopolamines free radicaloll ]38l i v}
A S EFAA Ache FAS A sAl Ml
receptor 4288 Ao A XujE FAYA|ZIT] o] 54
wjiZol| scopolamine FEAIFAA 7|8 A3}t FeokE
2 Hol| ARgE I Yk

HAAY7IA] 2w 2= acetylcholine agonist®] H24 02
acetyl-cholinesterase <] A 4| Q1 tacrin, donepezil, rivastig-
mine, galatamine’s®] Y=slo|MHe] XEAZ 7dEo] gk
o) 7} okme] 7] B-gol we} Fatgo] s B
Aoz BEth 94 1AH cholinesterase-inhibitor$!
tacrin®] 78-9- 1993 L=slo|H] AFA R 2 ode W
RO}, H-&3HAF] 40%7F 7 F/30] A AREo] Tty
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Tt o] A| 2M U cholinesterase-inhibitor$] donepezil,
rivastigmine, galatamine= 24, 7+E, BHS, AT 5
et Fakgo] Barg|a Q).

2 AFe A A5 F2AES AT, A ERI=
STHAT = B2 dAsol FSsIHaL. 1 A o)xdH
B BI7ko| A 2 ARSER FA|Eol] FEAIITE e
dHo] FEE, FAE, BHAE T2 7|49 vt lom,
AU BA A 2ol Alske BAahe] ST )ele &n
2, oM e 9 A A 22 by it A s
fmelet Yhett. S AT, FAE FAEs
&k AP o AP e S Aol ER A=
FE Rk e AR, G oAl 2, A% 7]
T W R AN, d2], 718A] dg ARd X589 F2g
of ARgEo] gtom A A2 o, Fe A2 Ao 223
o, olslo] Au)A| slo] YrEolu Bpa el 2%AL
BAZ} &3} gl Aos deid g

Fxjg=e] A7 AR KimsS') 0] AchE
Ak AoE AF8INeH, Nguyens-&'? #3l& 35
Eo| A £2]3 biflavonoids?} B Tl T < JdFS
Frha WHEIITE 3 Yang 52" Hxlo] AL
p389} Akt signaling pathway=2H4 341 7] MMP-29}+
MMP-9 FH]E Hastet] EiS T+ 02 Bisia
glom, Hsing-2' FAE F550] QA7 /7 AFIAE
S AAZITkaL B arskent.

Hx)=0] HE-L piflavonoidS #4243 =Fo] tj

1=
s T
15-17 =] - -
Qom > E3] amentoflavoneS HAEe] FRAPROE
A

N7

O

FoA Hlglol 2ol =g A, sinlzlol 3 @
o, @ksl @3 9 A EAREe] A 2Rgo] Sl o= B
s =

2 Aate A IS S8 scopolamine® E A
o] ke 3F o) RAE Weke FEE0] nXE g

ol ASimglT, BAE FHEL 420 ATE A9
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Az W =N - 2 A 28-S T (Selaginella
tamariscina (P. Beauv). Springye- A|XeHIkx28E 2014
9 079 Fufete] S oFst et &S w4
sl 78k & Sxiste] ARE-skith S5 EE(IKSA -
2014-07-01)y FrsFelsietd FEAlo| Baslict.
4= 500 g 38] WekS FE35)0] oJ3B]AL rotary evaporator
(EYELA, Italia) 2 7%t 53¢ & 544x 3 A3 of
7.52%°] 485 Ayt

HBEE - AR TEE@AIAEH, ti+, S 3L
AtESt B& A shHA @Eeddsed T FEAL
oM dAe ZARE: 22+1°C, F5: 55£3%, WY 12 A
7+ light/ dark cycle)® = 15U7F A-3A1Z1 &, 25 200+
10 g°] Sprague-DawleyZl 3481515 ARS-3IAT. AEAIZH
A 24 AZF R BV 3L FAEHAT o]n) g4 €4
UFHES sl APsee HAZHRA 10:00~12:00)
wellAl ARJ818t 719544 S S8l JIAAE 303
o i Al EEZA Fotl scopolamine hydrobromide
(Sigma-Aldrich Co., St. Louis, Mo, USA)E 5 mg/kg&#-0.
2 57 Folsideh. A9 & 7t #3109y 6o R
o] 295t Table I). 94 @R E =72 53l 9l
3l Ha)& weks 5504 amentoflavoneS G523t
St A8 A, 1860.228 mg/LE LERGTHEA]
25 v, 8-S FAE FEES AT 9 100 mg/
kg, 200 mg/kgel HEE 457 T FI3H 2™, amento-
flavone®] 745 Fx1& BAAY 2 HFH &S 2T
035 mgkgl 2 Fof &3FS HAQ3Att A positive
control= A3t tacrin Ao FAFS SEFAZ

Table I. Experimental design of Selaginella tamariscina (P. Beauv). Spring in scopolamine-induced rat

Group Treatment Rat number
1 N Saline 0.9% Saline 10
2 c” Scopolamine 10
3 p" 5 mg/kg (i.p)- Tacrin(20 mg/kg, p.o.) 10
4 SME 100 Selaginella tamariscina methanol extract 10
100 mg/kg treatment(p.o.)
5 SME 200 Selaginella tamariscina methanol extract 10
200 mg/kg treatment(p.o.)
6 Amento Amentoflavone 0.35 mg/kg 10

treatment(p.o.)

UN: Normal, C: Control, P: positive control
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IPALR (EFALO| A, i, =)
= AT AFAIAE s A 24470
A2 BT old] a48do] AT
FES IAHAIZHLA 10:00-12:00) ol
ARt A EEaelsiedTd s3]
(Southest Medi-Chem. Institute, Institutional Animal Care
and Use Committee)®] W3 2 Hto] whe}t Y= AThE
=AM 5 IKSE-14-07).
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FET 24 Morrise] WP 7o) we} tjRllEsit), ¢

STHESY X e ¥ 2 7198e Sk =

M Aol 140 cm, 0|71 45 cm?] YPEHFX Qo] B oF

70% A3 5 Yol gto] Eojrinz] g

A Eo] 15em, Eo]7F 35eme] 98 ZHES

i)

21~25°C7F H| =2 stk nEFYE o)A sl 50 W
4l8- H]H 3L video cameraZ monitor 5% TH(Fig. 1
- Training trial: 313 S 5ol Yol ZYEo =35k

~—

NZHe 90% Fot skpAIZTE FF 7T 90 ol ZHES
Zk2] Zahd Ade] ZY | e 15% 9 x| %
3 30% FHo FFHE £l 9 YT wdE= A7F

| &

S 71E390 19 238 (A, SF2 Uirol X)) 4Y
&<t training trial & AAIEFH 2F7F 152 Wl ZHE
S2eA =9 training trial ©] ¢EE Z o2 715381
- Test trial: training®] &5 F 3 F o Fd+S A3
controls, positive control % ZF A|FEe]| scopolamines:

B Foste] Xul& §=A1%] F, escape timeS 733}

Water maze test
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Fig. 1. Effect of SME on scopolamine-induced memory
impairment mice in Morris water maze test of test trial ses-
sion. 1) Values are expressed mean+S.D. for groups of ten
experiments, 2) *p<0.05 vs. Control

(2) FE3IN-E

&3] A Fe A X2 working memory abilitys =
sk 1y Yol we} 24sisit). Bals 280 7)Y
4 o G395 Lol 21519 scopolamine 5 mgkg F
o 30 & F T3 YAPL AAEHA

Z747]7]+= shuttle box(50x15x40 cm, electric grid floor,
Ugo, Italy)E ©]&3t31om, &A= 7hho] & (connecting
guillotine door; 10x10 cm)©.= Hro] Uroi] 25x15 cmé]
W o]Fa Qo S 20 W AR 2T F U=
= 3ok AP &F0] 60 dB olate]i, £BE ol F
Al g WA AE-E sHth |2 Yol W s
LT APl S B 1500 Luxd] ZH-E AWA 2
o5 gof Fom, AF7 Wjks H71A7] Aot =
o] ¢l Aud Wl B2 Soj7HA € uf AFsdo=w
o)zt @] A et BS AWA Fheto|7F IE
w7 Fhee)7h 2 wi7kx] o] ATk Skt &
FA 8 (training trialye 5 3] WHEsle] 3137} W BE dof
7HA Eo] AR AdefellA 3mAS] AFE W stainless
grids 53l 3 % Bt &¥ 7147 (foot-shock ) 7H)S
H, o] F& 93} A 7]4:F (foot-shock)ZHe] AE Q1A A
th 24 AIZF & Fo] dEls W2 el M= AlZE S &
A4 =ZA| 7 (step-through latency time: W75 A17HS 3
T 300 Z(cut-off timey7I¥] 74 3ATHFig. 2).

| Z=Z|o| OFMIEIE2I(Acetylcholine)gtZk &M - opAE
8 FY¥ 242 Hestrin®] WVl ¢)3le] alkaline
hydroxylamine 717 c-acyl F-=&2] WS 7|22 27
sttt ¥ #2950 uLE 1% hydroxylamine 50 pL= 3
7hste] £33 3 FeCly(10% in 0.1 N HCI) 500 L&
7Fe thy § 35540 nm)E S7gate] e EY TS

i

N

Passive avoidance test

.
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Fig. 2. Effect of SME on scopolamine- induced memory
impairment mice in passive avoidance test. 1) Values are
expressed meantS.D. for groups of ten experiments, 2)
p<0.001 vs. Control
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S48kt
k| Z=ZF9| Lipid Peroxide(LPO) &&2| £ - Ohkawa
T e WAt W 24 19 10 F] 0.1M
sodium phosphate buffer(pH 7.4)5 w3l ©] 10% vl
Hol] FU buffers &% 7Feted 341ZF pre-incubation A
71 % 8.1% sodium dodecyl sulfate$} 20% acetate buffer
(pH 3.5) @ dbdlo] B0 7 (8% thiobarbituric acidS 7}
T 95°CollA 1XZF &Rt WhEA|A A 2eA Wzt F9
n-buthanol pyridine(15:1y2 F7}sled 1587+ L4 Ea]5le]
2423w ZAe] n-buthanol:pyridine 52 #31e] 3 532 nm
M I FEEE SHsl] FFFANN 2 IS ¥ =
2] 1g 3 malondi aldehyde nmoleZ 3A| 3} T,

CHHE MEF - chilE o) SRS Lowry 59 WP el &
3}od bovine serum albumin(Sigma Chemical Co., St.
Louis. Mo., USA)S ¥5F0 7 slo] =431t}

| =ZE 9| Western Blot— T2 248 3l =4S
PBS buffer 300 uLE 22 F homogenizerg ©]-§-3to] =
215 3Rk &, 800 rpm 10 % centrifugedle] /35Tt A}
4315t} 5000 rpm, 3 ¥7F centrifugedte] “3EN-S A A
332, PBS buffer 300 uLE 23 cellS ZojF § ThA]
5000 rpm, 327}t centrifugedt ¥ 45N S A A gt} Cell
lysis buffer S0 uLS ¥ 32 30%7F ice incubation 3 F
14,000 rpm, 4°C, 20 min centrifuge¥t}. Bradford assay'”
£ o]&sto] Wi dS FF 9§, @E o] SDS-PAGE
(polyacryl amide gel electrophoresis)& ©]-&3}] size H=
E2]319 ). Semi-dry transfer system(Bio-Rad, USA)S- ©]
£-3}9] NC(nitro cellulose) membrane®l] ©]5A17] 3 5%
skim milkE &3 blocking buffer(0.5% skim milk, 1x
PBST buffer)S 147+ B¢ 2|3k} 1xPBST buffer®
10 min, 3%] washing ¥, Primary antibodyQ] Vesicular
acetylcholine transporter(VAchT 1:3000, Cell Signaling
technology)E *]12]gF & 4°C overnight ¥+-8-A|#. 1xPBST
buffer? 10 min, 33| washing S}, Western Blot detection
kit(Biorad, hercules, USAYS ©]-&-3}] membrane?} HFS-A]
71 ¥ X-Ray filmol] ZH3A1A 28 A5 AEsidlon,
GAPDH= HA3sle] v w35}t

| xxloﬂ)q ojof X XI5}t oA

— A& ¥ Z3ZF 9] 7|

o] A F, 10% formaline §-2ol] 217G 3laL =24 F%
9] o % olgale] WAl T, Euage AA s
AE AR E0E AL sel Tl sl ¢34

L

© 2 8 (4 um)atith. THCE A djo]H]e CRO(ME,
gkl e]E]ste] Xsgatal o™ FA=(VAchT 1:3000, Cell
Signaling Technology)= 94 %18 3s}iTt.

S M - BA4 A2 SPSSTA ZE 1S o83}
o] FEBEl e, P<0.05 0|5t B¢ EAF R §23k A
o2 At ZF &l tisk f2lgt 2ol & YeRll=A]

Kor. J. Pharmacogn.

o] M H-A 2 Student’s t-test one-way ANOVA(Duncan’s

multiple range test)= o]-&3lo] A2 F-o4S A=)

THO|2AHY - 7| Fo| Fox] ARE JholEo] i
Zof| 243leh7E Fagk o] nHolE sEoR, AHTt
713 Tt AREE Y, dAY ARES A
k= &2 717F 52t @171, vzl A EES B
2A JT8] AREE 771w yE ek olF
371 71045’3 9 afjn} oEF FAkekE sES S8
& FErEAEE 7Y } ATH

7 1WA 447 A
scopolamine 5 mgkgS 57 Fof 3t
(Fig. 1). Scopolamine ¢ ¥ C:rL(scopolamme Fo Xuj

=) o AE, FuR739] platforme] $1XE Folrie
escape latency ]7}0] N tHISk] p<0.05 72 502
ZA|7ko] T} o= scopolaminel 2 719 &S A
20 B2 A g AFAPY fAE AHE HejFo
1717 1‘»’4(10ng—term memory) </go] WAE S SRIT
DA} A tacring FoI3F P7-2] 7% scopolamine®]] 2]
gk 719Edo] v B EHQeH, FAE FEES AT
SME 100, SME 200 7] ollX%= 7]9j/do] 3)&5a190C
U el & el Ay ofyA ). 4 amentoflavoneS 0.35
mg/kg F98 amentool| A p<0.05 TTOZ FelHo=z
ol 5 o] A AL Bolat 2= 9qir}, E3sle] B
457 FAE FE2E Foe 4717198 S 2ds)dde=
amentoflavone®l] H|3l @3FFo] 2> Ao 2 Al H T

+=38|1| Ag - Scopolamine(5 mg/kg, i.p.ye Tt 7]

)
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}Er
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o8 715 ZERYS o]fsl] Hxld &2E0] 719y &
o oJAste] 2 &3} A FEIE 2F 4R

(shuttle box, Ugo, Italy)E o]&35lo] SRIsIATHFig. 2).
T38| S AX]F2] working memory abilityE =
Al WHO R sjuielA] 27iskE 7193 dHAAe A%
Q= 7190 B3t P& S 8l F= AHgE?
TR EARC] T4 9 A7) 7199 B=E FHst
= Al whele] 53| 9AES @] 7|98 AEE S
Xé/\lf?iﬂi A4 Sdtt. Scopolamine®] Foiof o]gh 714
g &AL s Fela Ay CES 7] FollA latency
nmeo] Nzl vl BAACR Fo4 A Frtstaint
(p<0.001). ©]:= &<5A1¥ (training trial)A] F7] F4& 719
S1A) Xk 2 o2 wEr), oldf Hjgl| FAE AR AT
T p<0.001 %013}71] latency time®] 7343 A2 Ao,
TAE F2= Fole 7] 719gin @] 719g =
Ao :z%xqoL] o:la‘]—_CL 3= Ao g AlgET)
X[& st ghekol| o0jxl= ¥EF - MDA A& it
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Fig. 3. Effect of SME in brain LPO of rats. 1) Values are
expressed mean+S.D. for groups of ten experiments, 2) *p<
0.05 vs. Control

3t AEE SA sk WHOoR Sk o8 AlEEks ¥
Aot TR A FistadS doA A W 4k
312 £48 7o E Aos dEA dn? AnE =
gk CtollA X kst HJ=7F 78.874+24.52 MDA nmole/g
of tissue= 7Pg =] UERTE. o] 2]uf $xe] dtollA]
A A Fparsle} kel G40 AL EF =7 A
dA AT 53] SME 200:9] 2§ ¥ =7 T Ad 7
2Fs} gFaFo] 49.10+7.34 MDA nmole/g of tissue® P-2]
41.37+7.41 MDA nmole/g of tissueZ} H]S:3F =0 2 X
ZA¢] lipid peroxide®] FHEo] 7443131 2™, Amentool]
A% 43.57+6.53 MDA nmole/g of tissue® p<0.05 25~
o2 HFE|RITH(Fig. 3). ol A& 52| biflavonoid
AGe] gkl AJEo] scopolamine® Z Q1A FE o] F=E
= xZof HPH 0w Agalto], A5t REH S o] 2§
slo] Anprog ¥ x| Ad Hitst gl dF
HAE o2 ALRE

Acetylcholine 4 &9l — Acetylcholine(Achy> & 4l
A EAAN == ARG R FFAEAY] S
A28zt FAA7E 2o | acetyl Co A9} choline acetyltrans-
ferase(ChAT)e] E4~ 2802 SPJEH | acetylcholinesterase
(AchE)2] 2822 acetate®} choline® 2 st A
ARA] BHe 27] dxstoln] Aeke] F9 jlew &
#2149tk Scopolamine & ZHA AA 2 Al 20l A]
Ach®] B3& A7) FERE 79SS doA =3
A FFA7 Fellof AAE A Bol &85 e k=l
0" Fig. 48 457 $AE 355 Fo A ¥ 27 9
Ach 32 YePA Axjolt}. o] Ach 2 5.88+0.85
pmol/mg protein . = N2 8.55£1.60 pmol/mg protein il
Hlal] oF 68% F=7t AT oA 7S de
7] scopolamine £ Al Ach o] ZHagths Bar’h
o} A3t} g SME 100, SME 200532 Ach g

tlo o
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Fig. 4. Effect of SME on acetylcholine concentration. 1) Val-
ues are expressed meantS.D. for groups of ten experiments,
2) *»<0.05 vs. Control, 'p<0.001 vs. Control

Fo 7}7} 8.48+0.56 pmol/mg protein, 8.29+0.45 pmol/mg
protein®. 2 p<0.055F0 2 Cadh thH| sk frojdo s
Ach 3ol F7FEHS 1 4= UATE =914 X[ ufellA
Ach &3] 7Hadithe RS v o), BAE F&
= woe =013 A el & =gl 2 Aol AlRET

SFXME HERE FES0| & =F VAchT Western Blot
o OjXl= Y& - AWAGELASE 42324 H=E S35
Aste dE 22X 444 vesicular transporter”} & 2.3k
o], o] T & LA A AX wrtolrl 454 vesicular
monoamine transporter(VMAT)2} X ol Zd =44
vesicular acetylcholine transporter(VAchT)o|t}, Ax3zolM g
9 &A1 VAChTZI Alth 2 2FgslA] sl = oF

¢

SME SME
N C P 100 200  Amento
VAchT
W —— s — " P — i —— —
GAPDH

VAchT/GAPDH
—
o
1

N
L T R

Fig. 5. Effect of SME on protein levels of VAchT. 1) Values
are expressed meant+S.D. for groups of ten experiments, 2)
*p<0.05 vs. Control, 'p<0.001 vs. Control
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Fig. 6. Expression of VAchT in brain (Immunohistochemistry,

A AT Ach Ao AsliEo] AR o R QA FTHAE
AE oA dnt?

Fig. 5 scopolamine]] €]l &4 o] FA& mgke
FZEE 4577 F997}F VAchT mx]E 932 western blot
< Fal Ay 2 Aot Ce] AF AW=E sty
VAchT ©hi2 W&o] 7h4alq] o), Fx1& A|55F(SME
100, SME 200 )2 C thH]sle] p<0.05 Fl<=2
2 VAchT @& o] F7}stH o™, Amentoto] 735
Pp<0.001525F0 2 VAchT Z& o] Z718I9). ol
A9 47re] AlEe7E oA EY =811 VAchT
T g FHA R JES vzl AR M=, 4
HHOo R Ach TEONE FEFS T+ AR )A€t

FXE HERE FE20| K| =X VAchTHY SISt Mo
OXl= & - AchT59 g she VAChT W | 2
(Fig. 6), Cx-2 scopolamine®l] ©]3ll VAchT A7} /3=
o] CA3 hippocampal neuron 22 Atz o 2 Wy
A} Tl o] B2 o, aljul o] 4 AE
5 AU A 4770e] FAE HEE FEE F
42 <lsled SME 100, SME 200532 tacrin o3&+ P
T3 fFARSE FEo R whilg Wy gl W QA Aot ot
EPston o] Fig. 59 VAchT ©hld wa Axpole fAb
gk A 1Yot
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