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4L Wkt 1 An d43EET duEREEY ZodE SKHE 32 2 38.108+0.766 mg/g,
17.927+1.064 mg/g°1ctt. DPPHE} ABTS radical £71% ICsp2 E4-3EE0] o555 3] 24 o]AF Wt
ok MTT Z3}, RAW264.7 A 22 F 2EE 2% 1 mg/mLolA 6% 74t ¥, HaCaT HEo] E&2
50 ug/mLolA 18%= S7Iol3itt. 25T o9eF2 52 LPSE A=3F RAW264.7 Al229] NO, TNF-¢ 1181
COX-2, PGE; 59 ¢% ti7iEd9] A4S AIeHolch =3t TNF-ao] gt ZHeA Al9] £4:8 AAIHL o4
9] Z2HE HAE dPFEE oS5 WA nlE AEE St 7154 9RE 7hs/do] =l AlmEh
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Abstract The leaves of Selaginella tamariscina were used for the treatment of many diseases in
traditional medicine. In the study, antioxidant, anti-inflammatory, and wound healing activities of the
hot-water extract(STW) and 80%ethanol extract(STE) obtained from S. tamariscina were evaluated. As
a result, the polyphenol content of STW and STE were 38.108+0.766 mg/g and 17.927+1.064 mg/g,
respectively. The DPPH and ABTS radical scavenging activities with the ICsp values of the STW were
over 2 times lower than that of the STE. In the MTT assay, RAW264.7 cell viability of two extracts was
decreased by about 6% at 1 mg/mL, whereas for HaCaT cell viability increased by 18% at 50 yg/mL. In
addition, STW and STE suppressed the production of nitric oxide(NO), Tumor-necrosis(TNF)-a. COX-2
and PGE; in lipopolysaccharide(LPS) induced RAW264.7 cells. Furthermore, the STE showed wound
healing effect through the promotion of skin cell migration in TNF-e stimulated human keratinocytes.
These results indicated that the STW and STE have the potential to be used as a new cosmetic active
ingredients in skin care.
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7t ol A%, AE, HE T ode 2ol &8st
A fEtt FEEAR FEUL Qo

B¢ (Selaginella tamariscina)s ¥-A &3}
(Selaginellaceae)d FAAXER HR(ZH)S H
(B0t sto] Y4%(dysmenorrhea), Y3718 (chronic
hepatitis), @ic(hematuria), (KAL), A&+&d
(metrorrhagia) 5 &°= o]&s] ¥t HIo+=
mghE #&E°] scopolamine2 = AWE A3 &
FollA Aret AEFA Wo] 282 Foto] A7 &
HE2], Fuid HoA Ag}t A4 4 JuXE &5
= Yel= Zo] ERISATB]. 18 S+ Escheri
chia coli®} 1% Fd4t Staphylococcus aureus 5
o] A Aol gk ot E/TH4-5], AL Al H
T-299] Al 4] 94 m5o] Hiea itHol. E3t
B4 Selaginella 4(genus)oll 43 Z(species)
7Fe-d WAA(desiccation tolerance, iifézitk)o] 7}
d HoluA Hate Aow dHA ot &, F4e 7+
=oll Aohd7] fIet AR gt A i AR
st 2 5 Qe SA BUEEE 5= THT 8]

OJAI7HA] FA4&=9] J& biflavonoid £43 &3]
amentoflavone® FAAECZE A% crude drugs,
AR A O G5 HUSH APATTt F5 o|FA
o} geEtA 2 AtolAs FAES 80%HE F 7t
A BUE o] 83 IeFEET TS FEES WY
OF 7} &80 L FE L AE A 55E £
Atste] AlE AYSHEE 7|99 PR dREAY
$8&7Fs/8< B7kskaAt skeich

21 M ¥ F=E

A& AAatolA st AxE AGE
(aerial par)E MEZ ZAet HEE SHZE AL
Boto] FEoHt GFFE(CTW)Z AXAIE(118 g)
o] AA+E 108i(w/v) 7Fste] 60TOlA 1541753t
e & 3 A5HE oJ3(Whatman filter paper
No.2)st3it}. oehEFEE(STM)} 58 x7o=
80%olE== F7Iste] 15417 wkt & F A5ds
olZksoich. Z7te] 2942 s (EYESA, N-1100

series, Tokyo, Japan)st & &Z27Z(Labconco Co.,
Kansas city, MO, USA)3}Sith & 71X 2&Ho| w2t
FAFHoE dojzl BT AR FFS derEE
7.932 g, AEHEFEE 10.406 g7 A=

22 & Eo|HiE afeE o &Y

2 Zd4¥E IIEL Folin-DenisH[9]02 A&
0.2 mLell Folin-ciocalteu's phenol reagent (sigma)
0.2 mLE Z7Iste] 587F A4 ¥g =, 10%
Na;CO;3 0.2 mLZ 7Fsto] Egstal A9 A4l 14]
7k &%t REEAIFH. A5 e Fste] 96 well plated]
a4 550 nm A FFEE SA5I3H Gallic
acid(Sigma, St. Louis, MO, USA)E EZEHE o|&
o A=A vwste] RAE 2259 s 3%
£ A ARSI

2.3 itet Y =H

2.3.1 DPPH radical &M1& &3

2,2-diphenyl-1-picrylhydrazyl(DPPH)E ©]-&3t
free radical £2AEAL BloisiH[10]122 A& 0.1
mL] 0.2 mM DPPHEN 0.1 mLZ 7t 37Col
Al 3087 9EEAIZ] # 517 nmolA FFEE A5t

ATt

2.3.2 ABTS radical 218 =8

2,2-azino-bis(3-ethylbenzothiazoline-6-sulfon
ic acid(ABTS)E o83t At £ ABTS'
cation decolorization assay®f[11]122 &A%
t}. 7.4 mM ABTS(Sigma, St. Louis, MO, USA)%}
2.6 mM potassium persulfates Z35t0] ¥49
A0 24A17F Bt BA|5t] ABTS' radical& A3
AAAT. A" ABTS  radical  solutions
methanolZ 3]4l5}o] A& 0.02 mLe] 0.18 mLA A
7¥skal 3082 &%t WHSAIA 734 nmolA FHEE &
“gst3it.

2.4 MZE HHQF

F A ZF(RAW264.7, murine macrophage),
A7t f& A4AFA AEF(HaCaT, human keratin
ocyte)= DMEM 10% FBS, antibiotic-antimycotic
(Life Technologies, CA, USA) HiA|9A 37C, 5%
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25 MTT assay2 0|25t ME =M =X

RAW264.7 E+= HaCaT AZE 96 well plate©]
4x10% 719] MER EF5l0] 24217t wigsigich A=
< #iA&E IA F 100 ng/mLe] LPSS} Z+7} FAjs
FE=2 FLEE A stk 24417 52t vt
HiZE AAT H 3-[4,5-dimethylthiazol-2-y1]-2,5
-diphenyltertrazolium bromide(MTT, 0.5 mg/mL,
Sigma Aldrich, St. Louise, MO, USA)E 7|59 4
AZE &3 7t Hi gttt HiAIE A AT 7 well
o] dimethyl sulfoxide(DMSO)E ¥ 1. MTT formaz
ang 89JA1%] T, 570 nmolA FB=E S5tk

26 g9 gd

2.6.1 Nitric oxide(NO) &H

RAW264.7 AEZ 24 well plate o 1x10° 719
AZ2 ot 24A17F viet & 7 2559 5%
#H A28 100 ng/mLY lipopolysaccharide(LPS)E
Aejsto] 24A17F F7HlFsHRITE. Al Bk 0.1 ml
of griess reagents £sto] A4 1087t W
AZ1F 550 nmolA FFEE S76kATH12l

2.6.2 Cyclooxygenase-2(COX-2) & =8

Azd Y COX-29 Bd +5& 2] f5td
RAW264.7 AlzZof| LPS%} 7t 5 FE&EZ A5t
I 18AIZF B8t Hikstitt. WA E A|ATIAL Alxo
RIPA buffer(Thermo scientific, Rockford, IL,
USAYE Z7kste] 3083t 4ToA lysis Al #
12,000 rpmollA 2027t 94 ®esta, =3 o
A A2 & Bradford assays sttt & 20
g TAL 10% SDS-PAGES] #719% & PVDF
membranel 2 o] AJAE 5% BSAZ membrane
= AAY T COX-2 o] oigh 1z A
anti-COX-2(Cell Signaling Technolgy, #12282)2}
24 &A  anti-rabbit 1gG, HRP-linked(Cell
Signaling Technolgy, #7074)% Ar&3tHoH
Chemiluminescent ECL kitE AR&-5to] A&t

2.6.3 PGE2 ELISA assay
RAW264.7 AEZ 24 well plate o 1x10° 719

Azs BFsto] wfekstirt. 24417k =, LPS (100
ng/mD% 4 FEEZ sEEE AXT AEE A
Sto] 18AIZF HieFatltt. 24417 B3t &, A2 vl
< 13,000 rpmoA] 158 FAES & A5dZ o
A0 2 PGE, (Prostaglandin Ep)9] £H|FE &435}7]
3] Parameter'™ Prostaglandin E2  Assay
kit(R&D system, MN, USA)E ©o]-&3s}9itt.

2.7 Wound healing assay

HaCaT AlZZ 12 well plateol] 2x10° 7|9 A=
& FFoto] 24417t vistgith. FBSE 236HA] 92
A2 WA & PBSE WAISF 200 u yellow tipL
2 23825 U1, 10 ng/mLY TNF-¢9} 7 &5
2 s=EE A% 7 1847 B¢t 71 wi sttt
Al o]52 dn|Fo=E sl ARRIE A1 Imgage
] ZR2IE o]gsto] HAZ AtstH13]

2.8 SAEN

7 AP 33 ol HiEAYS Bt 1 AnE
o] Zt2+9] ANgskol o mean+S.DOE LERY]
o 7t A& sEo] tigt fo% AL gL
5t Student's ¢ test 3 & p<0.05 FH= BAA
2 {94 Sl= Z2HE 7ol

¥Q 2

H]

|o

3. 3+ Zat A nF

3.1 FEE9 2

BA4 A A (aerial part) AR A& 118 g2 €&
2(60T) EE 80% &&= & AYs=sly 524
£33 & dojdl HF LY FHE P & ¢
£ A A} Table 13 Zth E432EE(STW)
o] HF B NEE 7932 goE &L 6.722%,
80%OEFEFEE2 10406 gO & 4&0°] 8.819%=
ZRI=I3iTh Zheng(2011)Y] oA HA&E &8 0]
43 FEEO] 82 12.13%2 o E9kont, 70%
et 2559 £ 8.17%2 & A ALt FAF
gt & 85 BH14] getA Y A gt
o
o]

oFet §u) Aln 2% 27 gt HE £E 52
=]
=
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Table 1. Extraction yields of hot-water and ethanol
extracts from S. tamariscina.

Sample Yield (%)
STW 6.722
STE 8.819

Data are expressed as meanzS.D. of triplicate experiments. STW,
S. tamariscina hot-water extracts; STE, S. tamariscina ethanol
extracts.

2 A BEEA FY, Tt G, HIT 59 83
£ YEHATH15]. FAE eFEE ogeFEEe
% Z9vs = &% 2= Table 29+ 2t} A4
Eo| FHsHA dad dEdQl HeEA SREA
gallic acid?] EETF JTAHOZHE 4SS G452
9 & EZduE IPE TR 38.108+0.766
mgGAF/g, 17.927 £1.064
mgGAE/gl 2 FFFEE0] det&FEE0 vlof &
24 @2 EuEs ERolth Kim(2019)%
Lee(2006)9] Aol A 70%0ler2 2 70ToA 3417
F2519S o § s dF2 47 60.2943.11
mgGAE/g, 99.3 mgGAE/g2 & UEhdTH16-17]. ©]
£ AW A1t fARE 280 E AREoto] E91H 2
Aol & EulE T Aol= AR Ay, &
F 24 o] & Aojgt Az

4

Table 2. Total polyphenol contents of S. tamariscina.

Sample Polyphenol (mgGAE/g)"
STW 38.108+0.766
STE 17.927+1.064

*mgGAE/g: mg gallic acid equivalent per g. Data are expressed
as meanzS.D. of triplicate experiments. STW, S. tamariscina

hot-water extracts; STE, S. tamariscina ethanol extracts.

3.3 DPPHR} ABTS radical 2124

o143t radical 3FHE<Ql DPPHE ©|-&3t radical
2752 ARl S &4 SO Hed 2
WY ofdl 3ighEe] o= TE AlETH =T
DPPHE EHZp¥oz WA= defo|th. 84 Ee
80%OlEkE &ufjo] e 7 BA&E 2559 st &
4 vlsty] ¢ste] DPPH & &A% 3
A3} Fig. 13 Zth

100
ESTW HSTE
_ 80 L
< 60
< i
(=4
T 40
(m
20 | T it Ii=
] [0l i)
a | i I I
002 005 0.1 02 05 1

Concentration (mg/mL}

Fig. 1. DPPH radical scavenging activity of S. tamariscina
extracts. The data are represented as the
meantS.D. of three independent experiments.
RSA radical scavenging activity; STW, S tamaisoina
hot-water extracts; STE, S. tamariscina ethanol
extracts.

Z 2289 &7t 37Kl 9 radical 245
o] 3 S7FstATE Table 33 o] E-FEEY] F
29 EE(ICs0)=  123.007 1g/mLE  EFEZ
ascorbic acid (8.851 ug/mL)ECt ¢ 138] &}OL}
NetEFEE (263.179 ug/mL)°l HIsiA 2.18f W2
2A%E HYHh

Table 3. ICs value of different extracts of S tamariscina
extracts by DPPH and ABTS methods.

ICs0 (ug/mL) DPPH assay ABTS assay
STW 123.007£11.94 461.019+44.06
STE 263.179+26.03 1018.414+58.43
AA 8.851£1.40 34.68%0.91

Data are expressed as meantS.D. of triplicate experiments. AA,
Ascorbic acid; STW, S. tamariscina hot-water extracts; STE, S.
tamariscina ethanol extracts.

ABTS %ol radical o83t It 342 &1
9] J=2Mo] B Ao A4 9 AjA EFY
FARE 40 fagt WRiolth Fig. 2014 Ei= Hie}
o] 4 = JeEFEE 5 DPPH 23} vit
M2 24 &5 5% J2802 radical £2750]
S7Fotdth. ABTS9] ICso 44 STE ( 1018.414 ug
/mL) > STW (461.019 yg/mL)) AA(34.682 ug/mL)
TAE YT webs BAEe] deFEEo] o
SFET9 A FEY B 4T Zo= gRIE

ATt
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Fig. 2. ABTS radical scavenging activity of S.
tamariscina extracts. The data are
represented as the meantS.D. of three
independent experiments.

Jeong(2007)2 A& 9 ok FXAE9 7t AdH
o AJoh Ko &5 ATt BZ HAlsiglo
o o] o FX& Qo] DPPH ICse 724 ug/ml,
ABTS ICs02 1175 yg/mLO2 & AFo|A g3t &
$325Y radical 274%50°] W 4TS sk

tHisl.

3.4 MTT assayE 0|28t MEEM

Aol 2R Azl o AN o] BAE S
E59 AEEHS AR fste] 24 2582 5%
HE Aot 24417 & MTT assay® ME Y&
< &A% A3 Fig. 33 Zth 11 23 Fig. 3A94]
HaCaT AlZ29] Al 252 ¢l9loH, RAW264.7 A&
o] LPS(100 ng/mL) A2l 9Jgt Al PEE&2 Fig.
3B A9} ZHo] 9.4%E 7HASIG oM, 7 2&Eo] A
A5 Z AJolE HolA| ket EZE Shim(2018)
< /M Hget EHiE ARSS RAE FEES
RAW264.7 A2 AHZsto] AZSAHS FARRE 23
AZEAo] gt BHusto[19] 35 FI5 &
7} A1 0.05, 0.1, 0.2, 0.5, 1 mg/mL 5k 2702
R

or

> o
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Fig. 3. Cell viability effects of S. tamariscina
extracts on (A) human keratinocyte (HaCaT)
and (B) murine macrophage (RAW264.7)
cells. Data are expressed as meantS.D. of
triplicate experiments. Statistical significance
represented as follows: “p{0.05

35 dAZ &4

3.5.1 LPSO| 95t NO ¥ TNF-a AiAJofx|

NO(Nitric oxide)= &A3ske A MZo A iNOS
aao] o A= EH|H= 7 Sa% 95 [
E4 3§ oltE 2F&Adssue injury), HELI
(septic shock), AZAFE A apoptosis) 5 A4
et o2 sjEg ¥ PoxItH20]. FA&E 9
23 deFEE0] NO Aol vlAe JF2 griess
reagent assay® T3t A3} Fig. 4A%} Zt}. LPSO
& 43| 71 NO AL oetsd d4-FEE
L 90T AT Woo(2005)= & A
A ARESE oehET 22 R8Il HEEE 5T
% 2 amentoflavone A3&° 93t NO A4 7
27F NF-¢B &4 Ao o2& iNOS Id Asfio] wt
£ Zojgtal Hilsto] BAE 2552 AFAEE
2l NO A &/do] &3k & & Ut 211

ESH A1 AHSA AolE7HQ] TNF-9] £H
o 7+ 559 JFS RARE 23} Fig. 4B 2ot 1
Ay} oeh&FE2E9] TNF-¢ HH|7F FA3] A5
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o geb BAé ofReFEET 955EES NO
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Fig. 4. The effects of S. tamariscina extracts on the
(A) NO production and (B) TNF-a
expression in LPS-induced RAW264.7 cells.
Data are expressed as meantS.D. of
triplicate experiments. Statistical significance
represented as follows: "p{0.05

3.5.2 COX-22t PGE2 =2H| K|

COX (Cyclooxygenase) &¥&2 PGE, S AJAJs}
t B4R A EEHE COX-13 A5l )
#2 7 fEE= COX-2 F 7HA7F EAgth §9] C
OX-2 9AAlE= ROSZ NOE &AL YA
o] o= COX-2 A=d AAAQ] HIAH RO E
A FAA(NSAIDs, Nonsteroidal anti-inflammator
y drugs)/f A7 F&s] AP Qk22]. F4
& &g deFES) 93t COX-2 gHd I
PGE; ¥H4| &5 western blota} ELISA E4HoZ
8% A1} Fig. 59F 2k 11 Ay oe2FEEa
FFEEY A9 529 Hlgste] COX-2 '¥dH PG
E.9] Eu7} 45 Hask= ACE YERH. o=
Won(2018)2] LPS (1 ug/mL)ell &gt COX-2 &do]

FAE FET =0 vEste] Aasta, 5 B

300 ug/mL ZZ0|A PGE, E-H]7} A et ujokst of
£ 2202 Utht 97 230 477 A0S
gelskaitH23l.

STW STE
100 ng/mL LPS - + o+ o+ = + £ . * 2
mg/mL - - 85 02 01 005 05 02 01 005

[ e — — - aa— | Coi-:
| -----—-‘ B-actin

(B

B STW B STE

PGE, (ng/mL)

CTL LPS 005 0.1

02 0.5 1

Concentration (mg/mL)

Fig. 5. The effects of S. tamariscina extracts on
(A) COX-2 expression and (B) PGE,
secretion in LPS-induced RAW264.7 cells.
Data are expressed as meantS.D. of
triplicate experiments. Statistical significance
represented as follows: "{0.05, “*p{0.01

3.6 O S0t

59| He ghgof F83t IS FFot= 4AY
BHAZE YR A5 22 0iF &) &
FEE AEE RAFSto] ofEn| e} 22 N RAFS T
Astaa} sk AlEEo] FEE Wl QIth24]. webA
HaCaT A|Zo] TNF-¢E Aot EAE 5255
FrdZ A7 3 & wound healing assayE 3t
A3 Fig. 63 2t} HaCaT MZER vigst g0 A
wound areat= 40%, 10 ng/mLe] TNF-¢Z @35 &
AL FEd AP AAe 60%E UEHgth T2u
HA& oeb232%5 1 mg/mL A2 A] wound area
7} 40%= TNF-a o] mE A& olF JA7} 3
HE gRlIsteltt. o]t 2= n|Fo] E off FFo
gt fF A FAHE FEE2 IR AR o5
SRAZ o Z=H Ti Ao 17t 9l AR 7|
HoH25].

9
=
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Fig. 6. The effects of S. tamariscina on scratched
wound healing in TNF-a-stimulated HaCaT
cells. (A) The microscopy image of the
wound-healing  assay  at 18 h
(magnification 10X). (B) The statistical
analysis of the data was carried out by
using t-test. Data are expressed as
meantS.D. of triplicate experiments.
Statistical significance represented as
follows: "p{0.05, “p(0.01

4 z2

—

£ ATe AxE FAE F 7H] G E4(60T)
= 80%OIIEJE§ olgot] &3 Aut AFFEE
STW)9] &2 6.722%, JHEFEE2 8.819%=
Folg e}, o] fiAtog Azt 2&E0] HFAL
v grleto] A& G SHHE 9REAY 7Hs
A& ”ﬂﬂob_x} siich A 2% F@7E 98
DPPH, ABTS, & &2v+ &% 5% R
1 An DPPHQ} ABTS 24 47 &4
B EEFEE 55 JLHOR F7HH
5] eFEEAA 2Bd AAB0] 943 A5
Actk E3 & EE 8T 4 ZAolA %iTiég
Eo] 38.108+0.766 mgGAE/g2 OJ&HE&FEE
17.927+1.064 mgGAE/g Bt 2.1 8 &=A] &A=
ot LPSE 2/3he 5 thAHE RAW264.7 A2
A& 2255 AT 23 LPso] I3 fed A5
"7 &4 NO, d 9454 Me1&7Il TNF-¢, 95
T #54 COX-2, ¥354 PGE9] AjAo] 22} ot

A2
=

_O‘L
38
o)

PN
Eal

o
pun

ffo :lo

I 42220 o8 #AAstEtt At wound
healing assayg 5% 2434 A2 ol5i= &4
ot A3} T 7] A& 22 25 TNF-¢ Ao b=
A= &4 2A)A] HaCaT AIE9] AFH 2|50 olst
HE G e 57\]/\]74 rqt' A5 A A ®

AE 220 AT ¢ &,
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