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Abstract The aim of the study was to evaluate the physiological activity of Lycium ruthenicum to
investigate their potential as a raw material that can be used in the cosmetic industry. L.
ruthenicum fruit extracts were obtained using 70% methanol(LRM) and hot-water(LRW). The DPPH
and ABTS radical scavenging abilities were higher in the LRM extract than in the LRW extract. The
FRAP value of LRM was about 1.3-fold greater than that of LRW. The polyphenol contents of LRM
and LRW were 31.883+1.395 mg/g and 27.748+2.741 mg/g respectively. LRM inhibited the
generation of NO in LPS-stimulated RAW264.7 cells. LRM also attenuated the expression of COX-2,
PGE2, IL-6, and TNF-¢ induced by LPS. These results suggests that L. ruthenicum fruits could be
use as a source of natural antioxidants and anti-inflammatory agent in cosmetic products.

Key Words : Lycium ruthenicum Murray, Anti-oxidant, Anti-inflammatory, Natural source,
Cosmetic ingredient
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olN A E AASH] St 8 WEHE=
ascorbic acid (vitamin C), tocopherols (vitamin
E), carotenoids, Zn(I)-gycine, Polyphenols 5©°]
Aom, ol5 7heH EeHlES A, oF, 3= 5ol
THEE Alo] AR g A QT2 E35] ELH=
o] 83t berry fruitse HHAEANA ‘superfood 2
lAlEo] 1 87F A #oHAL = AAolth

Lycium <(genus) 2AES(goji berries &2
wolfberries)> A AAZOZ oF 80 ojFo] AEA
AoH3], 11 F oA AEiEL Gl AWEIRE
(L. chinense Miller), Z=o|A A= JGs17]|=F
(L. barbarum)® ZF71AHL. ruthenicum Murray)
3%0| oFE, 48, 28 508 AREHYTH4) S+
7|1A= black goji berryZale B8]0, S A5 gl
Y9 AFAH(salinized desert)o] 4145t =0
2 YIA(salt-tolerant)¥ WAA(drought-resistant)
9 253 EAS 7 ALeE 4EA Udh5.0l

AT AFYgolA AH A=l AREE0] & 7]
A gl AE B4 A+ 2y o, HE aRkE,
QFEAlOR, A4, wUF Fo] HeFlon, o] & <t
EAopdy} tgRrt =8 AE &4 ER] ZeE
SR UHT 8] EZF SH7|AF 9] oFEst aF2
B Y& WA, WY 34, YA Sl ThE Al
Ho 9 it @4 5ol A UTHo-12]

ol & AF= SR @ FEEY A &
3, NO A3 40|l n|X|= 9FS TAlsto] &
ARlolA A8 7Hset 716 EEEAY Ve &
Qlst7] ffste] stoict
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2.1 E7UIXt Eof F=29 HxE

2 AoM= SH71AY g dE25F 100 goll
70% W = S-S 24 314 Frtskal 60T,
15A1ZF 202 33] ¥HE & S&5190th. 7t 582
ol¥(Whatman filter paper No.2), §=(EYESA,
N-1100 series, Tokyo, Japan)ste] 527A%(Labconco
Co., Kansas city, MO, USA) & ZA2WS 104 B
o, 2 A AEE ARSI E 2EFH
ANEe MEEFEE 11347 g, @525 19703 ¢
= ¥Sich

2.2 MEZ 3 M HHRE

2 Afde A9 ZAEF4AE(human
keratinocytes, HaCaT), ARt IFA[otA=E
(normal dermal fibroblasts, NHDF), 181 9]
A ZF  (murine macrophage cell lines,
RAW264.7)= A EF-L3Y(KCLB, Seoul, Korea)
ozHE Hopdop 10% FBS? 1% P/SE& st
DMEM H{AE AREste] 37°C, 5% CO, HiY¥7|olA
i g5t

2.3 itet Y =H

2.3.1 DPPH/ABTS 2l0|& AAs

DPPH #A5ol5 (electron donating ability,
EDA)Z Blios?] WE ¥@sto] SAsttH13]. 2
AFE(100 W)= 5=H(0.02, 0.05 0.1, 0.2, 0.5, 1
mg/mL)& 3]45to] DPPHE& (Wek&o] &3 0.2
mM DPPH) 100 w2t A& &, 92 Apsto] 3023t
U3 AT E£8E9] 4% (Optical density, OD)=
microplate reader (Molecular Devices, Sunnyvale,
CA USA)E ©]-83}o] 517 nmollA 243t} G4 o
ZEZZ ascorbic acid (AsA)E o]-&33t.

ABTS tjZd A7 Robertasol 23l 7|&"
ol meh A= QIcH14l. ABTS ™ 892 7.4 mM
ABTS(Sigma, St. Louis, MO, USA) 4893} 2.6
mM potassium persulfate 8% 4o] g4 24
ol A 12~16A17F RHEAIZITE 734 nm oA S8&=7t
0.7(+0.02)°] HEF HEH-ERE 34X ABTS ™ &
9 180 wet w=H(0.02, 0.05 0.1, 0.2, 0.5, 1
mg/mL)E 3AE 2+ A& 20 W& EFste] 3087+
AT EEEY] 8%+ 734 nmolA SASHIT

2.3.2 FRAPO| ofst =t &H

FRAP (Ferric reducing antioxidant power)]
oI5t At &2 Benziesoll 9o 71&d HHE
Y5 wPsto] BIIeIATH15]. EFASF Ferrous
sulfateE ==E( 0.1, 0.2, 0.4, 0.6, 0.8, 1.0 nM)Z
S0l ARESHRIE FRAP -8H(300 mM acetate
buffer pH3.6 40 mL + 10 mM TPTZ(40 mM HCI)
4 mL + 20 mM FeCl; 4 mL + $5% 48 mL)& T
S3L 200 W 2ot £ FRAP §9o] &=
HE AR5 A& 100 W& F7FE T, 37°CollA 302
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% Z98= 2 Folin-Ciocalteu BHS 4%
HEYsto] EH5tATH16) 24 FE2E2 sTHEE AX
St A|2¢} Folin-Denis reagents Y3 Fo=Z 4
of A2oA 587 HHAgt &, 10% Na,COs;E #7}st
of Qta 27AA SREAIAT 147 & A5 5t
o 96 well plate°ll &4 550 nm TIHZoA SJ=E
273519ty EFE4 gallic acid(Sigma, St. Louis,
MO, USAE AREsId mg gallic  acid
equivalent(GAE)/g2 YERHSITE

I

24 NE =9 &€

1A Y FEE =0 WE AE =4 &
ofi7] 95kl MTT assayS $H3t3ch AE (3x10°
cells/well/96 well)oll LPS (100 ng/ mL) = 2t
55 TEEE AXY ARE ASIAT 24413
F, MIT €94Z S5k 0.5 mg/mle] H=% H7}
St 4A1ZF FF S EigsATh HiXE A A S
100 w®] DMSOE &7t &, 570 nmolX 3=

24590

25 3 st =8

251 NO M4 3 COX-2 TiuiA a5 =4

HAA 2O g FR/RI F9f tHAAE RAW264.7 A
XS LPSE A5 & S7|Ak g &30 ot
NO(nitric oxide)d] AJAHIIE LolH A} griess
reagent ‘WHE 4R WSt Psilch. Al=E
(1x10° cells/well/24 well)oll LPS (100 ng/mL)2} Z+
FEEZ FTHEE ARG ARE Hsto] 24A17F |
A Murakamiso| Oz Al v 435
T} griess reagents 53U FO 7 Tgolo] A X
904 1087t BE&A1ZL H 550 nmolA FBEE &
st dTH17].

COX-2 dol w@usls FAbelr] 9l
western blot £4& Parks-2] W& Hyst] 3
Sttt AMZo] RIPA buffer(Thermo scientific,
Rockford, IL, USA)E F7Fste] 3023t @2olA
218 & 13,000 rpm, 4T 2904 1587 44 £

ofo] A &5ttt &35 T A2 Bradford

assays Bo BN F, F 50 g ANERE
SDS-PAGE9] #7193ttt 1719%°] € gel=
PVDF membrane® 2 transferdtil 5% BSAZ
blockingattt. 1A} A Rabbit &-COX-2(Cell
Signaling Technology, MA, USA)2t Mouse 3-8
-actin(Santa Cruz Biotechnology, CA, USA)& 2%t
A F-rabbit IgG, HRP-linked antibody®}
-mouse IgG, HRP-linked antibodyS ARMRSF 3,
Chemiluminescence detection kit (EZ-Western
Lumi Pico, DoGen, Seoul, Korea)Z @A S A&

SHATH18L.

2.5.2 PGE2%} IL-6 2H|Z &8
RAW264.7(1x10° cells/well/24 well) A3Zo] LPS
(100 ng/mL)¢t 7} 22 ES 5EHE AXS ARE
AgJsto] 24417k viFBtH T A HFH oz FH|H
PGE, (R&D Systems, MN, USA) = [1-69] ABAwke
ELISA kit(BD Biosciences, CA, USA)Z =33}3ch

2.6 sAEN

2 Aol #7|8 BE Z2aE Y1 ESHAR
Eolar, Hgk Atelol tidk R4 student's
t-testE O-&5to] p-valuedtZ Alitsto] A4 {2
A ASS AABHFEE p0.05% HS *2 B7|5H L
p<0.001%1 B¢ = #7|5t] F48= HEHA

3. 3+ Zat A 1nF

3.1 st &Y

3.1.1 DPPH TX30ls &3

Hebdo] DPPH 31tE2 dled stEd 22 4
AZoAA| ZHE A2 At vzt H o2 Ao}
o} 3+QiE] v 71 A3} DPPH7} kb0 g ¥sle et
olg FAT}t A2 o] §FTH19). SV Gl FEE
o] HA FABHIEA Thsde gRlsh] flsto
DPPH AR5 543 A3} Fig. 13} 2t wet
Z(RM)# FF(RW) +%5% 5% 0.2 mg/mLolA
LRM9] A} Fois0] 67.4%, LRWO] 47.9%% ek
o R0z ARE AsA9) ICs3ke] 7.898ug/mL
U of LRMI} LRWY] [Cspgt 2+ 151.283ug/mL,
221308 ug/mLZ LRMS] HA}golso] LRWHTE &



E=2A H113 M55

= st Fulo] F[2019 &R B4
00)%%% 1 mg/mL ¥ FA°A DPPH AAFo]
T 77.5%01%0H, & Ao ARSE BH60T)F
89 AAgol50] 88.8%= H A SHEAL. 01
23t 23k Liu 50] HAg S714 Hiea)?] & 2
L7 =11 A7o] A4E g Bk FASE E4]
o] F7Fetth= W83 AR 23S SRISHITH211.
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Fig. 1. DPPH electron donating activity of L.
ruthenicum  fruits. The data are
represented as the meaniS.D. of three
independent experiments.

Table 1. DPPH and ABTS radical scavenging

activity of L. ruthenicum fruits.

ICso (ug/mL) DPPH ABTS
LRM 151.283+14.41 680.617425.58
LRW 221.308+7.48 866.953+40.47
AsA 7.898+0.67 34.563+0.94

AsA, ascorbic acid.

3.1.2 ABTS 2tCjz 475 &3

ABTS #4 £4¥2 DPPHE 87 radical A
52 TH4L Hole 2A5k= kst Aol 1
Hut DPPHS} B2 A& AHAI7T g-f-oks Ao ot
FFE S0l a7t el Aol AtH22l S
A 22E9] ABTS gt)d &4 574 43} Fig. 29
Zth LRMI} LRW & F5& 5% 902 g
2750] F7Ftlom, AsA9l ICse#kol 34.563 ug
/mLY @ LRMQ| ICso ®%7} 680.617 ug/mLE
LRW(866.953 ug/mL)Ert Rkt o= 712 &
s 01% "L FHCDE F55 F Z*“'PJ
ABTS ICspgto] 762.3 ug/mLetal Bargh Li 59 2
ot vl W w23], HEHEFEEY ICso 057} o

ol ABTS radical @4o] 82 & & AUk

100
LRM ®mLRW
80 -
60 -

40 -

20 I
o] T i Ii i

0.02 0.05

ABTS RAS (%)

Conc. (mg/mL)

Fig. 2. ABTS radical scavenging activity of L.
ruthenicum  fruits. The data are
represented as the meantS.D. of three
independent experiments.

3.1.3 FRAP &4 It

Ferric reducing ability of Plasma (FRAP)<
colored ferrous triphyridyl triazine ZgAo] 23]
ferric tripyridyltrizaine(Fe3+-TPTZ) E3A|7} %2
pHolA Ao 93] ferrous tripyridyltriazine
(Fe2+-TPTZ)o2 AslE:= Yz A2 24
ste= woltH24]. EEEAR ferrous sulphate
(FeSO)E ARESto] = 2259 FRAP 845 5743
ﬁ_‘,} Flg 3_1,} 71—@ 1 ﬁ_‘,} ZZ‘:'_,] rE l“—E I:HH

oA LRM $&&9] FRAP #o] IRW HEtt o &3ttt
b4 DPPH AAgols, ABTS HtZE 4745,
FRAP 84 Z23E 5o S71AF g wgk2at &

SREEC ASYAAZ A8 K540l L gl
soict
200
LRM M LRW
= 150 |
=
2
3 100 | -
wvi
&
50 I
- -a om N
0
002 005 01 02 05 1

Conc. (mg/mL)
Fig. 3. FRAP activity of L. ruthenicum fruits. The
data are represented as the meantS.D. of
three independent experiments.
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N OfY

FFEEY F EYus &2
EA% A3} Fig. 49 2t & E99= 2 IRM
o] 31.883+1.395 mgGAE/g, LRW©] 27.748+
2.741 mgGAE/gO & LRMOA 1.144] =& 3k
Btk Islam 52 acetone:water:acetic acid
(70:29.5:0.5) &2 ZZ3+ UYut 27|79} S|}

g FEE0lA Eedls ol 47 2.17~4.48
mgGAE/g, 7.26~9.01 mgGAE/g& HI1s}o[25], &
Aol A AN wEhZT A Boff AElo] FAlst &
gofl 71915t FEAAE F20 Kot &8 & 1
Hds & %’l%’iﬁ} whebA SE7]AE o Uﬂ‘%% T

A PASAZALY TH54o] &2

>
@

8
8

LRM BLRW

g

5]
8

yo£ 0.0105x + 0.0031

3
8

R? = 0.9986

o
8

Polyphenol contents ( mg/ml)
g

°

0 50 100 150

Gallic acid (ug/mL) Conc. (mg/mL)

Fig. 4. Calibration curve of standard gallic acid for
determination of total polyphenol content in
L. ruthenicum fruits. (A) Standard curve
was plotted using gallic acid as a standard.
(B) Total polyphenols of L. ruthenicum
extracts at 0.1, 1, and 10 mg/mL were
measured. Results are the meantS.D. from
three independent experiments.

32 NE 54 &Y

SR g 250 IE YEEA AZ =4
< B7ksb7] flote] AFEY] A4E3A HlE(HaCaT)2t
Aol mE H{oNZE(NHDRE tAdeZ MTT
assays 8t 23} Fig. 59 Zth. LRMIF LRW A
g ko e X 542 HaCaT MZoA= I
=]4] ¢kokow], NHDF AlZ9] 3% 0.5 mg/mL 5%

ool M BEEO] 5% vTeZ A4St

140
LRM B [RW

£ 120
> L o T
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€ 80
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oy LRM M LRW
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Fig. 5. Effect of L. ruthenicum fruits on HaCaT (A)
and NHDF (B) cell viability. The data are
represented as the meantS.D. of three
independent experiments. The significance
was assessed by the Student's t-test

(*p€0.05).

33 ggs &y

3.3.1 NO (Nitric oxide) M40l 0|Xl= H&t

SR g 2589 FF 42 A5 Ad
WA WML 5 2209l RAW264.7 AEAA MTT
assayE Ysto] Ao FEE Adsk HAE &
Qlstarzt st 72t 555 v=H(0.05, 0.1, 0.2,
0.5, 1 mg/mLE F4&sto] NE 54& ARE 23t
Fig. GASH 2}, 92 922709l [PS (100 ng/mL)%
HE F55 55 R4 AlE BES0] 95% ol
= Rl olgt A= AMGE SR g
29 527t RAW264.7 AZojlA] E4do] glom

2, 2% 59T 724 2004 Y97 552 9
st s
HEH GFUS AR

E749] NO29| MAlo| z+ =
22o] n|A: YFS FARE A3} Fig. 6B 2tk %
Atz LPSO] 9J$t NO =7t 21.65 pkM € o,
LRMZ} L[RWO] #2& AHeszo] o2 NO 5Z7t
243 A AL Folsiyd. olgst A=

Peng 5°] L. ruthenicunPA £t polysaccharide
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7} NO @4 #4921 iNOSY mRNA &8-S 7HAAA
NO 4432 AR ¥g vlzo] & v26] 77
A} duff 2&50] T3 NO Aoz QI3 miod=
Ao AN 2EY 7ol A AXIRH.

120 + LRM ELRW

RAW cell viability (%)

CTL LPS 0.05 0.1 0.2 0.5 1

Conc. (mg/mL)

LRM ELRW

NO (uM)
R
[
—

CTL LPS 0.05 0.1 0.2 0.5 1

Cone. (mg/mL)

Fig. 6. Effect of L. ruthenicum fruits on RAW264.7
cell viability (A) and LPS-induced NO
production (B). Cells were pre-treated with
the extract 1 h prior to stimulation with LPS
(100 ng/mL) for 24 h (A) Cell viability was
determined by MTT assay. (B) Cell
supernatants were analyzed for NO
production. The data are represented as the
meantS.D. of three independent
experiments. The significance was assessed
by the Student's t-test(*p¢0.05, **p¢<0.01 ).

3.3.2 COX-22} PGE2 %“Soﬂ |:||_|E gt

PGEz(prostaglandm E)e 38 &S 58 9%
Hk3-9] EA9l ZHHredness), —r%(swelhng), =
(pain), Ij]"’ﬂ(heat),g o 7|H COX(cyclooxygenase)
-2 340 o5 AAEn. SR dr 59
COX-2% PGE, B4 A 84S &4 23} Fig. 7
3} 2o} 1 A3 LPS X7 & 7} % COX-2%} PGE,
WL F2E Agsho] &0 Fasylon,

LRMe] ot As7} o ampoz UrEPrkE}.

LRM LRW
100 ng/mL LPS - + o+ o+ 4 T
mg/mL - - 01 02 05 1 01 02 05 1

f-——-—_ | B-actin

Cox-2

LRM M LRW

PGE2 (ng/mL)

CTL LPS 0.05 01 0.2 05 i)
Conc. (mg/mL)

Fig. 7. Effect of L. ruthenicum fruits on
LPS-induced COX-2 and PGE2
expression in RAW264.7 cells. (A)
Whole cell lysates were prepared and
resolve the levels of COX-2 by western
blot assay. The B-actin was used as
internal control. (B) The levels of PGE2
were detected using ELISA kit according
to the instructions of ELISA kit. The data
are represented as the meaniS.D. of
three independent experiments. The
significance was assessed by the
Student's t-test(*p(0.05).

3.3.3 @54 AO|EZI219l MMoj O|x |E gt

HAAZ7F 2HSk= cytokine HAA|ZO] B4
1} FA], 225 24t A58H= miliste IRt
9, &3] in vitro ¥ in vivo ZFOJA EFHE X
Hol= fEAY A4 AlE7RI(pro-inflammatory
cytokine) 2.2+ tumor-necrosis factor(TNF)-e,
interleukin(IL)-6, IL-18 S°l it} S17|% Guj
34 cytokineQl TNF-a, IL-62] 2&o
u] 2= G ELISA kitE o]-gsto] ZASH A3} Fig.
83} 7t} 1 A3} LRM £&E50] IL-6 BAH 7149
Hojd a7t 3= ERlstalH

zz\:lol
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A
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- 3
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£ 2
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1
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Conc. (mg/mL)
B
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2 st I G
= X
-3 6 |
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4
= 4 r
2 |
o]

ET LPS 0.05 0.1 0.2 0.5 1

Conc. (mg/mL)

Fig. 8. Effect of L. ruthenicum fruits on LPS—-induced
IL-6 (A and TNF-a (B) secretion in
RAW264.7 cells. The supematants were
analyzed for IL-6 and TNF-a production. The
data are represented as the meantS.D. of
three  independent  experiments.  The
significance was assessed by the Student's
t-test (*p{0.05, **p(0.01).

4, 28

2 AfollAs S71A Quizh A SHE AR
A &8 7Hs/30] SleA HESH] Y 1 AYEEE
gelstaiAt DPPH #AA30l5, ABTS 22 &4 &
4, FRAP &4, & Edvls IF NO A4
COX-2%+ PGEEE, I3 AO|EFRR] 2HlE &4
o}tt. DPPH AAMsol 52 ABTS 22 4245 2
3} HEHEEEE((RMIT E54FEE(RW) Afsk

of Bhe gtd 47 B 358 = AEHoR
z7}slglon E3] [RMO| 345} @4Jo] LRW Er}

o 9=olgitt. 3 Ao ghlE S o]-83t FRAP 21}
oM LRM F&&9 It &40l LRW Hot =4
ettt S g deESEEe] Edvse
31.883+1.395 mgGAE/g, E+FEE2 27.748+
2.741 mgGAE/g9] &% Yef 3¢ A& td2

FEAE 859 AUstE Aol gzt == TS
83t Wb A7 9ege & 5 %tk 74 2EE
S W7let7] fisto] AFEY] 2P A
(HaCaT), AQoMIZNHDF), o daH=z3
(RAW264.7)5 22 MTT assays 433t 2},
AlZ 5492 AY YehtA] gttt 134849 9%
= é_°l LPSE H HAA Y] LFR1 A A2
A @5e A% & NO, IL—6 cox—z PGE;, 59
4 SIS
ot —1"% 717 %‘UH zr zz“’«l Oqook— ZARGE A,

ZHSo] LRM &2 o) avo
gelstgit. o9 daz S4713
A E R71-8m<l Uﬂ SHEE FE0I9S o, Al=E A
g3t Atst, P9 Zit Blad w2 Z0E WHd
o] ot dF AAE B3 HFE uES A% 715 &
A2A ] &g 740l & ACE wekH
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