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F&of 4319 ‘% A it g et 7pAj e 4w, @ ZAu U, Q7IE 4% 9 &5 it
T 9 & g, st B9 7154 SEE AN EA Y SEIAE ASe LA 8 ARG R
A AN SO AN A PR R
dke 50% & SR FE, 55, FAAE sl ART AT, FE ARYRAAS A 70
A3 AJEQl eleutheroside EQ} 24 UYR &0 2 HEEE Z89+=F 3 chlorogenic acid, caffeic acid
of chste] WS AAAzolE LTS o) AR BFS AR, 2T UTE F A2l 40 2o A
eleutheroside E€} chlorogenic acid®] &HgFo| 7]— ZF =2 ALS o] ]—OﬂE} aFAES}ER A8 DPPH 2ht]Zt AA A
o] A it ZuloA 7Y Eokom, FHF B9 A LPSE g5o] UE HAAME Y NO 44 oA
BG5S A Ay, QU 27@4‘%—‘? —’f—%% 100 ug/mLof| A} 7L7L 25%, 26%, 32% 4 W A it ]
225 100 ug/mLE 40% A 8% ¥ 93l pro—inflammatory cytokine® =2 &&] Al IL- 6 e oA ase
AR - AR R= 27b41+“ 22E 100 ug/mL B2 A ZHZE 20%. 36%, 23% o uj x]amgﬂq
F2E 100 pg/mLi 41% A B5S Bvt E3, X244 n] &5 100 ug/mLojA| J]—r I R
filaggrin, involucrin®] 2r& o] Z,Z, 2.5 H), 1.6 v} Z71=E9om, —7,‘—‘2—434 olz}el = 7;]_]-5'_—6}]@&_“ 29%
A4 &5 U] eduURs 4 F 5 Aeitedn = uRo 9F AL st FENAE SEL
HEA g7ttt ”’&E}lﬂ‘:}.

Abstract: Inflammation caused by active oxygen and the resulting barrier damage have been consistently pointed out as
the cause of wrinkle formation. In this study, effective index ingredient search and efficacy analysis were performed to
verify the value of use as a functional cosmetic material related to antioxidant, anti-inflammatory and skin barrier
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improvement, and anti-aging for extracts of four types of FEleutherococcus divaricatus var. chiisanensis (ED),

Eleutherococcus senticosus (EN), Eleutherococcus sessiliflorus (ES), and Eleutherococcus sieboldianus (EI) belonging to

the Eleutherococcus genus. To identify the effective index composition, the content of the ingredients was measured by

high-performance liquid chromatography. The content of eleutheroside E and chlorogenic acid was the highest in ED

among the Eleutherococcus genus. As for anti-oxidant activity, DPPH radical scavenging activity was the highest in ED.

In anti-inflammatory effects, ED extracts inhibited nitric oxide generation in inflammatory macrophage cells due to

lipopolysaccharide by 40% at 100 ug/mL. In the case of IL-6 inhibition, which is known as a pro-inflammatory cytokine,
ED showed 41% inhibition at 100 ug/mL. In addition, filaggrin and involucrin, which are skin barrier-related factors,

were increased by 2.5 times and 1.6 times, respectively, in 100 ug/mL of ED extracts, and as for the collagenase, which
is a wrinkle-related factor, ED extract showed 29% efficacy at 100 ug/mL. Thus, these result suggested that ED extract,
among the four Eleutherococcus genus, can be used as a cosmetic ingredient for suppressing inflammation in the skin,

reinforcing the skin barrier, and reducing wrinkles.

Keywords: inflammation, skin barvier, anti-wrinkle, eleutherococcus genus, Eleutherococcus divaricatus var. chiisanensis
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9 Aol e} 48 HER T m5S Ak 2ok
L7t 9] 7| ¥AEe] Eli= 4w (Elutherococcus) 4]
=& FatHrael &3, Acanthopanax 2= Hol A4
Qlo} A8 Fleutherococcus©]TtH1].

QTS| Tt A= 196519 7 IR Heutherococcus
senticosus) 2] I ZHE] lignanA] BJZA|2] eleutheroside A ~
GOl EE1E AR23]0R, WY 9 Porakg, T AiA,
7k 7ol 7HA, 715 43St AAHARE, FAEY A AR
59| Asol YR emM], 271 /it 5 eleutheroside B
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H ARG Aol FEuRE A& ERIE 4= Qo] 5%
2ei%ole} sfejeke w0l e RS ST 4 Utk

2T Al SAF AERA ool tisiil=
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3)(Eleutherococcus divaricatus var. chiisanensis) [chiisanensis,
ARPiRUA|IZs A2itel st o] Szom AR 3t
FE AAEAC BF At vEgE Aolch

2 Aollas Aeikedulel eduuy 55 2AE0
sk 7R g ], QAU Eleutherococcus sessiliflorus),
Q7P (Eleutherococcus  sieboldianus) 322 -85 3+
T P4 A vlusle] AuURE 550
Alele 285 Bk, EFAEOR; BE7IE Al
ey 2552 FURR she 7158 I N
of Zagt 7|z AFE 3skaLat siGick

2. Mz A &

21, M=

B AT ARg T Nelkeziniol 7hl oxds Het
S5 G Kool AFste] AMgskgl, o
Lol e 8 8 (Kora), Q7R Aol
HhAKora)ollA] 2021 A 10 2ol Afshgon] ok
S g3tk A RS 40 Cold 72 h A%
(LD90I3, LEQUIP, Korea)3t ¥ 4 CollA] Heksteln] 4
of) AbgsteCk

22 M= F&E= M=

Azg Aejakozt], 7KW, oW, o Rt
S 52§7](HMF-3600TG, Hanil, Korea)S o]-8-3}0] £
50% oERS-S g2 Sl 80 CollA] Z2+ 4 h &
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Table 1. Retention Time and Maximum Absorbance Wavelength of 20 Standard Phenolic Compounds

RT Amax RT Amax

NO. Compound (min) (om) NO. Compound (emin) (nm)
1 Gallic acid 12.491 271 11 Ferulic acid 27.359 323, 217
2 Chlorogenic acid 20.062 325, 217 12 Astragalin 28.610 347, 265
3 Methyl gallate 20.401 272 13 Quercitrin hydrate 28.798 348, 255

4 Caffeic acid 21.862 323, 217 14 Rosmarinic acid 30.659 329
5 EGCG 22.323 274 15 Myricetin 30.877 363, 253
6 Syringic acid 22.584 274 16 Luteolin 35.384 348, 253
7 Elutheroside E 24.061 271 17 Quercetin 35.606 363, 255
8 p-Coumaric acid 25.686 210, 226 18 Apigenin 39.220 336, 267
9 Rutin 25.686 354, 255 19 Kaempferol 40.032 363, 265

10 Ellagic acid 26.174 363, 253 20 Hesperetin 40.730 287

RT, Retention time

BUCHI, Switzerland)Z ©]-83}0] 50 ‘CollA| &3, 52
Z%7)(MCFD8508, TishinBiobase, Korea)S o]-&3lo] =4
Azsto] 248 A= ANSSISIT

2.3. Hi=Y sfet=E0ll et HPLC 24

Aejpted), 7iajedy, eduusy, e7h T ofgt
=5=E0 Widt 20 ¥ Fhs/deklE(phenolic compounds)
9] slgF EA412 HPLC (Alliance €2695, Waters, USA)E- 0|
&oto] ke AR Al 10 mg E= T 1 omg
< F5te] 50% ofeke 1 mLojl 83li5taL, Al= 10 uLs
HPLCo| F=9J8lal 0.8 mU/min &= 2ABIGICE o)E7
S 2= water (0.1% formic acid)®} acetonitrile (0.1% formic
acidyZ AR5 1L, column-S Shim-pack VP-ODS (4.6 mm x
250 mm, 5 um) (Shimadzu, Japan)S o} g3le] S 280
nmof|A] B3I 20 £ EFF-L2 gallic acid, chlorogenic
acid, methyl gallate, caffeic acid, EGCG, syringic acid,
elutheroside E, p-coumaric acid, rutin, ellagic acid, ferulic
acid, astragalin, quercitrin hydrate, rosmarinic acid, myricetin,
luteolin, quercetin, apigenin, kaempferol, hesperetin (Sigma,
USA)S o]8353tt 20 £ Hl=A] 3SIHE9) retention time

3} 2SS Table 13} 2tk

2.4. DPPH 2iC|Z 27 &Y &3

Aepited], 7p e, QZmubE, @ 7Ry ofgke:
FE=e e E& ERIsP] %t 2.2-diphenyl-
I-picrylhydrazyl (DPPH) 2Ftj2 47] 23 Blios [11] H&

skl Sgsialnh 4 w2 343 A& 2.5 ule 10
M DPPH (Sigma-Aldrich) 894 2475 uL2 &3l5}1, 21
Sto] A-20]14] 20 min WR-A|X] % ELISA reader (Bio-Rad,
Herciles, USAYS AR&310] 517 nmolld] 248191}, DPPH
O] =T 50% A wf Yehhs AlRe] s=E 715t
Ao, 7k Alme 3 3] Bk Ads A ot
-2 Lrascorbic acid (Amresco, Solon, USA)S- ARSIk

2.5, Mz 3 AM|EHIQE

AR B RG22 (HaCaT) = Af2o M (Seoul
Asan Medical Center, Korea)of|A], QI7F 3] Ad-f-opA|325
(HS27), vk A3 (Raw 264.7)+= american type culture
collection (ATCC; Manassas, USA)ojjA] HEofdtol LR35}
t}. zH A2 56 Colld 30 min 52t AA12]E fetal bovine
serum (Merck Millipore, Burlington, USA) 10%2} SHAYA|1
penicillin/streptomycin (Gibco Life Technologies, USA)E-
531 Dulbescco’s modified Eagle’s media (Welgene, Korea)S
ARg3te] 37 CollA uleksaict

26, N ME2 &5F

WST-1 assay[12]E o|-§3to] A|ejitedn], 7iA| ez,
LA, Q7R oekESEE0] A BEES 5
319tk 48 well plateo] HS27 MEZE 6 x 10* cells/mL, 96
well plateo]] HaCaT A3 1.5 x 10° cellymL, RAW 264.7
MEZL 1.0 x 10° cellymLE B53F 324 h 521 5% CO,,
37 C 2olA 52} 9 M3t ARl & Aelkted],
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7h ez, QAR SR ofeREEe S
2 Azjste] 48 h Ft viFsIcE WST-1 assay+= cell
viability assay kit (EZ-Cytox, Dogen, Korea)E ©|-8-5}%11,
HE wello]] EZ-Cytox 80 10 yuLE 7}8l5aL thA) 37 C,
% COA 2 h oot 7 B Z4E ) 1 min
T R shakingS 3t F microplate reader (Tecan,
Seestrasse, Switzerland)S ©]85lo] 450 nmol|A] TY=E
=4sleic

2.7. Nitric Oxide AHA odxf| =7}

RAW 264.7 A|ZE 5 x 10%cells/well ] 96 well plate]] 2
3L, 10% FBS7} 371l DMEM Hix]oj|A] 18 h &<t
HfeFsielct Alazol] A|ejitezd), 7iA|ezw], @ ZmUby,
QIR EREFEES 25, 50, 100 ugmLe] A 71A] &
= Z}7h St 1h F 1 ughlo] LPSE 3712 ]
3% 24 h A ejrEielch AlmEiel AR5l 100 Lo}
griess A|2HPromega, USA) 100 uLE 96 well plateof| 4] 23+
5lo] 10 min “FF HESAIX] & 540 nmofA FE=E 54
stelck AAE NO2| ke griess AR o] §ato] Az
Pl F ZABH= NOyo| Hel2 ST, standard i
sodium nitrite (Promega, USA)E Al8-5153
2.8. Pro—inflammatory Cytokine IL—6 M x| &M

=%

RAW 264.7 HIZZ 5 x 10" cellswell®] 96 well plateo]]

Table 2. PCR Primers for Real-time PCR

- w70} - 4
HESHL, 10% FBS7H 27K DMEM Bj=jeflA] 18 h &<t
A HeFsIGit) Aol A|eiitesy], 7hAl e, @7ty
L Q7RFE ofeh&3225.9 25 50, 100 ug/mL2] A 7}
A w2 Z7F Aelskal, 1 h § 1 pgmle] LPSE 37}
2 ARt 7 24 h A eSStk ik Uie] 16
cytokine FH]2RS ELISA kit (R&D System Inc., USAYE ©|
£t FBlon, standarde] et EETAI] AR
TERE 09 o]4oldrk

2.9, A2t SEEAAMIS(RT-PCR)S St 7EIA

6 well plateo]] HaCaT A|ZZ 6 x 10° cells2 EF3 &
24 h 52t viekslal, FBS 1St DMEM HiR|= 2 ¥ Al
3 % FBS ]33 DVEM w2 mAal Aelitez),
7], oAU, Q7R oS EES 8 h T
ok Hefsteick 48 h ) AlE)] RNAS 535 916l
total RNA extraction reagent®l tri reagent (RNAiso PLUS,
Takara, Japan) & 0163191tk Tri reagent 1 mL& o]
2 5 15 s 52 vortexdFHTE ©]¢f 15,000 rpmo|4] 15 min
B YEEgE 3 chloroform 200 pLE Wil 20 s F<F
vortex3t F QA BeJE Th A3o1e AlRe Rl §
Ak 27k isopropanol FERE W1 AF2oA 10 min 5
AT o5 BHA] 15,000 pmeflA] 20 min FF
A Eelslol RNA S Ak RNA HAHEL 75%
ethanol = A& 9, JHES 2 ~ 3 min FF A4 A

NCBI Forward/ Size
. >3 D Locati
Gene Reference Sequence Species Reverse Sequences(5°-->3’) CDS ocation (bp)
) . F GGCTAAGTGAAAGACTTGAAGAGA 3751 3774
Filaggrin AHO002947.2 human 2586 - 4929 157
R AATAGACTATCAGTGGTGTCATAGG 3907 3883
F GGCAGCTGAAGTACCTGGAA 1805 1824
Involucrin AHO002845.2 human 964 - 2721 169
R TCCAGCTGCTCCAGTTG 1973 1957
. F CACTGTGCCCATCTACG 675 691
B-actin NM 001101.4 human 193 - 1320 157
R CTTAATGTCACGCACGATTTC 831  8ll
Table 3. Real-time PCR Conditions
Gene Hot start Denaturation Annealing Extension Cycles
Filaggrin 95 °C, 10 min 95 °C, 15 s 60 °C, 10 s 72 °C, 10 s 45
Involucrin 95 °C, 10 min 95 °C, 15 s 64 °C, 10 s 72°C, 10 s 45
[-actin 95 °C, 10 min 95 °C, 15 s 60 °C, 10 s 72°C, 10 s 40

ekl ek ), A48 Al 4 &, 2022



AR o a3, A o3, LT, L/hbE 5B 9937, 95

ZA)A 0.1% DEPC watero]] =itk RNA 55(1 OD = 40
ug/mlL)y= Evloution 260 Bio UV-Vis spectrophotometer
(Thermo Scientific, USA)E ©]-85}¢] 260 nmof|x =4St
3 reverse transcription kit (RNA to ¢cDNA EcoDry Premix
(Oligo dT), Clontech, USA)E ©|-835}o] 1 ug RNAZEE]
cDNAE /513t A% DNAE Bt 3 2 57
2 5 °] 4% & AAZF PCRES Fast Stat DNA
Master™ SYBR Green I kit (Roche, Germany)S- ©]-8-5}¢]
Light Cycler 2.0 (Roche)oflA] 23130t} A8t primere}
PCR 71 Table 2, 33} Zom {ze] Ak
Light Cycler Sofiware 4.0 (Roche)& ©]-835}3ichk T5EAH
of thgt SFAZETE 2 mME] calcium chloride (CaCl)&
A3,

2.10. Matrix Metalloproteinase—1 2! Pro—collagen 1
MMEY

Aoy, 7i e, eZAuUE, @R ofgt
232 52| matrix metalloproteinase-1 (MMP-1) 2F& A3l s
7} procollagen 1 TS 245171 SI8l AlfopER2]
HS27 AIEZE 24 well plateo]] 2 x 10° cells2 53+ 324 h
B2t ulekssict. vt AlE= serum free DMEM HHX|R 2
¥ A2 % serum fiee DVEM WjZI2 A4gh ] A2 100
pgmle] == 48 h A3t & vixlE $As}e] 13,000
mpmeflA] 5 min FF YEEISIIeE ELISAE Al 217
=2 S]A%H & MMP-1 ELISA (R&D systems, USA)Q}
pro-collagen ELISAE- ©]-85}30m AlAtollx] Alegh W
off o =kt PHHETOR retinyl palmitate 100
ugfmLo} TGF-B 10 ngimLZ 217k AMga}3ict

3. 247t o o
3.1, X[2AteZnl, JINQZL|, QAUL|LIF, @IHIF
OlEr=F:E22| Hizd sEE 24

R AL 1) (Eleutherococcus divaricatus var. chiisanensis,
ED), 7}A] @2 5|(Eleutherococcus senticosus, EN), @Zauf
T Eleutherococcus  sessiliflorus, ES), 7P (Eleutherococcus
sieboldianus, El) olekzFZHol titt HE4d sRtes 4
Z317] floto] A eHAARRE 1 E o817t 20 F
HE SREY] FARA S sIelt: 20 Fo #2524
olgsto] 3t FEUAMNE AslL EEHFAS &
Jaton, A ZF AlRO] UV spectrumss: H] w44
slo] 7+ AlR9] HE Al thelf retention timeS 1125to] 3

filo

3
i)

A, Pt &% Bl 377
FEETe] UXARE BRISIITTable 1). o5 ©l8=t
20 F FEFEA0| FAREA Ay} S=rRETE)] Figure 1A
LEtglom, Algoa HEE 8 iz S Y
3t ZFS Table 4 of UYEPHSITH13]. EDo|A elutheroside E
9.29 mg/g, chlorogenic acid 1.74 mg/g, caffeic acid 2.19 mg/g
AZ&E]% o (Figure 1B), ENoJA] elutheroside E 6.92 mg/g,
chlorogenic acid 1.72 mg/g, caffeic acid 0.35 mg/g (Figure
1C), ESo|A] elutheroside E 8.92 mg/g, chlorogenic acid 0.87
mg/g, caffeic acid 2.80 mg/g (Figure 1D), EIo||A] elutheroside
E 8.63 mg/g, chlorogenic acid 0.71 mg/g, caffeic acid 4.72
mg/g] &= rH(Figure 1E). o] T LZuLpEo] 24
E21 eleutheroside Fi= HAHE vIESH 95 oA 50|
Ha1g|o] @lom[14], chlorogenic acid®] 7 H4kel, vl
%8 B m} 92 Wk ok el Bolshs A
AL AT st T{15], caffeic acidis B4
wH{16]0] tisto] s} Qe B e ez
52 4 ol AEE WHsRIE Ans ow 3
Aslel iz, WRAe) 2R fo] 9 Ao
2 33u0] A7E Atk

3.2, X[2liteZm|, JiAAm|, QAUMLIE, I
OEt2FE=2| eHifst &5

ED, EN, ES, EI9| 343} 58S 45k s

2,2-diphenyl-1-picrylhydrazyl (DPPH) 2ftfZ 22755

siyick A% 2yt DPPH 2hojZ 2759] SCogk 943

T2 L-ascorbic acid’} 5 ug/mL & o, ED 54 ug/mL,

i

Ay
ox

Table 4. Profile of Phenolic Compounds in ED, EN, ES and
El Ethanol Extract

Botanical name Phenolic compound Amount (mg/g)

Eleutherococcus Elutheroside E 9.29 + 0.12
divaricatus var. Chlorogenic acid 1.74 + 0.02
chiisanensis (ED) Caffeic acid 2.19 + 0.01
Elutheroside E 6.92 + 0.03
Eleutherococcus . .
2 £ 0.
serticosus (EN) Chlorogenic acid 1.72 + 0.01
Caffeic acid 0.35 £ 0.01
Elutheroside E 8.92 + 0.08
Eleutherococcus . .
.87 £ 0.
sessiliflorus (ES) Chlorogenic acid 0.87 £ 0.02
Caffeic acid 2.80 + 0.01
Elutheroside E 8.63 + 0.09
Eleutherococcus . .
+
sicholdiarus (EI) Chlorogenic acid 0.71 + 0.01
Caffeic acid 4.72 £ 0.02
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Figure 1. HPLC chromatogram of (A); 20 standard phenolic compounds (Refer to Table 1 for each number), (B); ED, (C); EN, (D),
ES, (E); EI ethanol extracts with detection at 280 nm. ED; FEleutherococcus divaricatus var. chiisanensis, EN; Eleutherococcus
senticosus, ES; Eleutherococcus sessiliflorus, El; Eleutherococcus sieboldianus.
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Table 5. DPPH Radical Scavenging Activity in ED, EN, ES
and EI Ethanol Extract

Botanical name DPPH (SCs", ug/mL)

- Ascorbic acid, 5 + 0.33

Eleutherococcus divaricatus var.

chiisanensis (ED) =37
Eleutherococcus senticosus (EN) 118 + 0.7
Eleutherococcus sessiliflorus (ES) 112 + 17.6°
Eleutherococcus sieboldiars (EI) 21 + 14.1°

"Value of Pearson’s correlation coefficients is calculated by
correlation option in data analysis tools using Tukey-Kramer
multiple comparison test. significant at the 5 % levels of
probability (p < 0.05 versus ascorbic acid). Values are expressed
as means + SD (N = 3). SCy :
concentration, SCsy values were calculated from regression

half maximal scavenging

lines using different concentrations in triplicate experiments.

EN 118 ug/mL, ES 112 ug/mL, EI 221 pg/mL2 UERGES.
o ED, ES, EN, El ¢=0& 35}l fso] Q4=5190ch
(Table 5). =] 2Py AL 86 £ WERES=2E0] 3RAE)sh
ol gt A=17]ll oJshd = Ay %4 DPPH
SCso gh 5.8 ~ 472 pg/mLAolo] PIX|ahH, 86 & - 42

2ol sfsh= A=) DPPH SCx to] 9% ﬂgmLOJ 7
2 v]FojEol 54 ug/mlo| SCxoike 7= ED= B &
Ly gl XHH A8 2 i in] 94553 s &

1_1_\_.

3.3. X[2lAteZm|, 7L, 24T
HEZFES| MEYEE =3
27541% 4 F9 FJ%%‘JH*JJ st 85
= 7t NIEZEFE ol8sto] £4517] Aol Zﬁé A2l = A
e 95t MEAEES S76Ith MlZAIEES WST-I
assayS ol-8sto] 4519 e, ED, ES, EN, EIE 25, 50,
100 ug/mLe] HE=HE RAW 2647 A|E HaCal A%,
HS27 Ajazof] A2fstis wf, Figure 29} o] FalsE

L2, @it

Slod=

[<Ja= R

100 ugmLollA] 9% ol4Fe] Al AEee 1o o]s &
i Al Agle] H8siol Kasiel
3.4, XPARZT|, JA|QZT|, QZTLIR, Q7R

OEEF==2| S &5
Nitric oxide (NO)2} interleukin-6 (IL-6)= tHE%]Q] &

7 EA 2, jAIANEEol| 4] lipopolysaccharide (LPS) 5-2] =}

o=
o

o7 £
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Figure 2. Cytotoxicity effect of ED, EN, ES, and EI in (A)
RAW 264.7 cells, (B) HaCaT cells, and (C) HS27 cells. Values
are expressed as mean + SD. 25; 25 ug/mL, 50; 50 ug/mL,
100; 100 pg/ml,, ED; Fleutherococcus divaricatus var. chiisanensis,
EN; Eleutherococcus senticosus, ES; Eleutherococcus sessiliflorus,
El; Eleutherococcus sieboldianus.
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Figure 3. NO (A) and IL-6 (B) production in ED, EN, ES and

EI ethanol extracts. Value of Pearson’s correlation coefficients is
calculated by correlation option in data analysis tools using
Tukey-Kramer multiple comparison test. significant at the 5 %
levels of probability ("p < 0.001, “p < 0.01, 'p < 0.05 versus
LPS treated). LPS; Lipopolysaccharide, DEX;Dexamethasone, 25;
25 wg/ml, 50; 50 wg/ml, 100; 100 wg/mL, ED; Eleutherococcus
divaricatus var. chiisanensis, EN; Eleutherococcus senticosus, ES;
Eleutherococcus sessiliflorus, El; Eleutherococcus sieboldianus.
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Figure 4. Expression of filaggrin (A) and involucrin (B) mRNA
in ED, EN, ES and EI ethanol extracts. Value of Pearson’s
correlation coefficients is calculated by correlation option in
data analysis tools using Tukey-Kramer multiple comparison
test. Significant at the 5 % levels of probability ("'p < 0.001,
**p < 0.01, *p < 0.05 versus control). CaCl,; Calcium chloride,
ED; Heutherococcus divaricatus var. chiisanensis, EN; Fleutherococcus
senticosus, ES; Eleutherococcus sessiliflorus, El; Eleutherococcus

sieboldianus.
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Figure 5. MMP-1 (A) and Pro-collagen (B) production in in
ED, EN, ES and EI ethanol extracts. Value of Pearson’s
correlation coefficients is calculated by correlation option in
data analysis tools using Tukey-Kramer multiple comparison
test. significant at the 5 % levels of probability ("p < 0.001,
"p < 001, p < 0.05 versus control). RP; retinyl palmitate,
TGF-betal:

divaricatus var. chiisanensis, EN; Eleutherococcus senticosus, ES;

Tumor growth factor-beta, ED; Eleutherococcus

Eleutherococcus sessiliflorus, El; Eleutherococcus sieboldianus.
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