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Abstract: In this study, fermented Lycium chinense (L. chinense) extract was used to analyze the efficacy of nitric oxide
(NO) and anti-aging inhibition to verify its usefulness as a functional cosmetic material. L. chinense was extracted with
hydrothermal and 70% ethanol as a solvent, fermented, concentrated, and freeze-dried to prepare a sample, followed by
MTT assay, NO inhibition assay, western blot assay, and UPLC analysis.As a result of the analysis of NO inhibitory
efficacy, fermented L. chinense water extract (FLW) and fermented L. chinense 70% ethanol extract (FLE) showed excellent
NO inhibitory efficacy of 47.96% and 56.71%, respectively. As a result of measuring the expression patterns of the
wrinkle-related proteins MMP-1, and TRPV-1 through Western blot, both FLW and FLE confirmed the inhibitory efficacy
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of MMP-1 and TRPV-1. Based on the results of the experiment, the fermented L. chinense extract is expected to have

a high application value as a functional cosmetic material related anti-inflammatory, and anti-aging.
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Figure 1. The procedure for extraction from fermented L. chinense.
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Sk 18 3 3] REgsIQIch Wa 1R 0% offekE: 5
ZE(FLE)S 22§31 71712} 100 g& ZepAdo] ot Al&
Zako] oF 20 o] SPSH= 70% ofERE-S 2A| A7) 3,
F2of|A] 24 h Bt =Sk IS 3 3] WHESIIT 2+
7+ FEES oJX|(No. 20 filter paper, Hyundai Micro
Co., td.,, Korea) & ARESIo] A3t &, 55 2AXE

E3 BdslE RS FSsIch el zizke] A=

280 C2] 4= AJoj|A] 15 min } et &, 5AAx

H AR Ho] 40 CoflA 8 h EC’J asielc W
ZZH0 oil &= =A7RS] B9 Ak ARES
A z3Fck FLWS] 4=8-2 39.03%, 4 % 9.44%
7} Ugkor, AlzE AlRs 80 ColA Wi Bisie] &
Aol AR&sHSiTH(Figure 1).
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MMP-1 antibody, donkey anti-mouse IgG-HRP+ Santa
Cruz Biotech., Inc. (CA, USA), TRPV-1 antibody-> Thermo
Fisher Scientific” (Waltham, Massachusetts, USA)oJA] T121510]
Alg5toiek Al Aldof] ARl dermal fibroblast cell (Hs68
cell)@} keratinocyte cell (HaCaT cell)-> National Development
Institute of Korean Medicine (Korea)ol|A] HoRto} AL851
61, macrophage cell (RAW 264.7 cell)2 Sl A3 231
(Korea)ollA] --Q1519ct: Fetal bovine serum (FBS), Dulbecco’s
modified eagle medium (DMEM), trypan blue stain, trypsin-
EDTA, 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide
(MTT), griess reagent, lipopolysaccharide (LPS), betaine 5=
Sigma Aldrich Co., Ltd. (USA)ol|A] tulisle] ALg-3Iich

213, Alé-loﬂ A|.9_E| 7|7|

H Jtof| AREE 7]7]+= ELISA reader (SpectraMax 190,
Molecular devices, USA), freeze dryer (FD8512, Korea),
microscope  (Olympus Co., Itd,. Japan), rotary vacuum
evaporator (N-12, Rikakikai Co., Ltd., Japan), Autoclave
(JSAT-65 jsr, Hanback Scientific Co., Korea), digital
reciprocating shaker (Daihan scientific Co., Ltd., Korea),
western imaging system (CAS-400SM, Davinch-K Co., Ltd.,
Korea), CO, incubator (VS-9160GC, Hanback Scientific Co.,
Korea), UPLC H-Class (Waters, USA), UV detector (BAP
ACQUITY UPLC TUV detector) (Waters, USA), Hypersil
GOLD" Amino colum (4.6 x 150 mm, 3 wm) (Thermo
Fisher Scientific , USA)Z AR&3laic)

| 2K Lycium chinense)

FEwd] 995 % Fed 55 A7 115

22 Al HptH
2.2.1. M[=ZHHQ¥

2 Ao AME macrophage cell (RAW  264.7),
keratinocyte cell (HaCaT)@} dermal fibroblast cell (Hs68)2]
Hlj%ke 10% FBS, 1% penicillin-streptomycin (100 U/mL)&
715t DMEMS AR83519)om, phosphate buffer saline
(PBS)Z A|H3} 3, trypsinEDTAZS AMgato] 37 C, 5%
CO, £719] incubatorof| A AlchuieFetich

2.2.2. MTT AssayE Sot M= MZEE &H

/\ﬂ_-‘.’; ,\n}_o z;(-]o Carmichael 54 H]—lﬂ oﬂ II}—E} Al
S ATt 96 well plateo]] RAW 264.7 cellS 5 x
10° cells/well, HaCaT cell, Hs68 cell-> 1 x 10* celly/wello] =]
T2 200 ul A BF3sla1, 37 C, 5% CO, incubatorof| A 24
h Zot wloFsact vk &, AJBE 25, 50, 100, 250, 500
ugmlLe] R 3|Asle] 20 ul A H718E TS, 24 h
Zol wjorsioich 24 h wjoF F, Zb wello] MIT (25
mg/ml) AJ9RE 20 ul A 37Isto] 2 h 52t RESAIZITH
HLS B ujokole AASkAL 7 welld dimethyl sulfoxide
(DMSO, DUKSAN, Korea) 100 42 H7}5}0] ALolA] 15
min 32 FESAIZ] TS, 540 nmof|A =S S5

2.2.3. Nitric Oxide (NO) Mall 25 =H
NO Asfs 5742 Grayand 52 HH[10]= o83}
A3 2Ptk RAW 264.7 cell2- 96 well plateo]] 5 x
0" cellswello] EE2 7} wello]] 200 ul & B335} 5 24
h EOP wjorsloich vioF & g 3A%F AR 20 ul
2} LIPS (2 ugmL) 20 ,uLE 7+ wello]] 5551 3224 h E291
vjorstick wioF & 7 welle] AFSM 100 ul2} Griess
reagent 100 uLE 4204 15 min 52t WES-A]7] T 540
mmoflA FFEE S5

2.2.4, Western BlotE St THHE! &Usifal £
HaCaT cell&} Hs68 cell2 6 well cell culture plate°1
10° cellswello] EE= BE323lo] 24 h Eot Hljoks
DMEME 8% DMEMOZ wA3t the, 4 CE éﬂi@
= incubator®] 40 min E¢F GA=ZE 71EkgTh Ax=2S
71%E &, FEHE AR Al 200 uLE A2sto] 24 h
E3F vieFsiGlt vk & A AlARE o, PBSE 2
3] AIASE & lysis bufferE 60 ul & H7Fsko] cell S -8-35)
X731, scraper® =l5te] YAl Bald C, 12,000 rpm, 15
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min)S As}oick €4 Hel ¥, ST TS Bovine
serum albumin (BSA)S #5522 3}0] Bicinchoninic acid
(BCA) assay= AJeFslolor, ol 35 ueS 10% SDS
polyacrylamide gel-2- ©]-85}o] 271953kt 217195l
&a2% & transferS AR DAL membrane 0.2 S
Az the, % skim mik® 2 h E<F blockingdto]
backgroundE- AJASEALE 2ok 1 2} A1 MMP-1 (1 :
1000), TRPV-1 (1 : 1000)2 4 Co| ovemight3}o] HREA|Z
2, 1 x TBST §HO& 10 min, 33] oA} A3k The; 2
2} 4|1 donkey anti-mouse 1gG-HRP (1 : 1000} 1 h =
2t RESAIFALE WS- A]71 35 1 x TBST 89422 10 min,
3 3] A|AS BRESE ohe, ECL solution (EMD Millipore
Co., Ltd., USA)Z} western imaging system-2- ©|-85}o] thil
A IS S48

2.2.5, Ultra Performance Liquid Chromatography
(UPLC)

Betaine-& UPLC H-Class@} UV detector=2 -AJ= UPLC
A2Elo R BA59.0n Hypersii GOLD  Amino column
& olgslo] Helg sigick ols S (A) 0.1%
phosphoric acid in deionized water, (B) acetonitrile2 AR5}
9t} Betaine £42 (A) 0 ~ 5 min, 95%, (A) 5 ~ 35
min, 95 ~ 0%, (B) 35 ~ 45 min, 100%, (A) 45 ~ 55 min,

95%2] xrlow gRlekylth 52 0.1 pl/min, HEE
230 nmoj|A| A4S 4845}tk FLW, FLEQ] betaine 4]
£ Bolsh HA 240N EEBH0 betained] BREE 4]

Zbat wjmslo] APHsieict

2.2.6. SHXzI
= AY Ayt FAEAMS IBM SPSS statistics
(version 20.0, IBM Corp., USA)E Ak&38lo] Bzt w2

wA= UERASLRL  fodel tidt HEE Ak
(analysis of variance, ANOVA)S ]850 Eols|ic) &
o)A 3ol B duncan’s multiple range testE ©]-83F ThEH]

HE AAJEl] ol p < 005 oA EAaIgck
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3.1. MTT AssayE &8t MZ HMEE
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Elo] formazans: FAJSHA E|aL, S A2 A= formazan
o] A=A o=tk o|ggt YelE olgsto] Al BEE
<& =A359ch11]. FLW, FLEE 25, 50, 100, 250, 500
ug/mLO] FEH T RAW 264.7 cell, HaCaT cell, Hs68 cell
of Az]slS i, Figure 20 Uebdl viel Zo] 2|31 5%
¢l 500 pgmLoA] B 90% olAke] Nz HEE-L e
Uiick whebA 500 ugml o5t S AIE Algo) 2
gato] 25t
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Figure 2. Cytotoxicity of fermented L. chinense extracts on
RAW 264.7 cell, HaCaT cell, and Hs68 cell. FLW: Fermented
L. chinense extracted with water; FLE: Fermented L. chinense
extracted with 70% ethanol. (A) RAW 264.7 cell, (B) HaCaT
cell, (C) Hs68 cell. Result are means + SD of triplicate data
(significantly different by Tukey test and significant as
compared to control. *p < 0.05).
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3.2. Nitric Oxide (NO) Xl &5 =& At

NOX= nitric oxide synthase (NOS)©l| 28] HAJ=I™ free
radicalilﬂ /\ﬂ__v;zl- g_l /\ﬂ__v; 1,H /\]i}(‘]lﬂ' 6‘1—/\1-/\4 7Lo:l =
ARHE] Yol Fo| Zad e SAshAYL =gt
NO9| e 54 Aghs fashkAl HoHi2).

NO A3l 858 24| ¢3l LPSE -SE% RAW
264.7 cello]] FLW, FLEZ 24 h <t Z2jslo] NO AJAde
= S4% 23k, LPS w5 A2jte] tiuiste] LPS 4]
Tl 20% kel NO7L AAd=%lom, FLW, FLE=
Z31 %501 500 pgmLojA ZHZF 47. 96%, 56.71%2] NO
A8 & YERIIt(Figure 3). Ly 58 100% 8=
Jofo] 22 Az T 2EEL olgjol NO A
A avks S7d7 A 1,000 ug/mLo] iEOﬂH 60.3%
o] ASE-S Uehyolrk Hasigeh13).
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Figure 3. Inhibition rate of NO by fermented L. chinense extracts in
RAW 264.7 cell. FLW: Fermented L chinenseextracted with water;
FLE: Fermented L chinenseextracted with 70% ethanol. N: LPS
non-treated; C: LPS treated. Result are means + SD of triplicate data
(significantly different by Tukey test and significant as compared to
control. “p < 0.05 vs nonrtreated N, " p < 0.01, ~ p < 0.001).
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Figure 4. Inhibitory effects of fermented L clinense extracts on the MMP-1, TRPV-1 protein expression in HaCaT cell. FLW: Fermented L
chinense extracted with water; FLE: Fermented L. chinense extracted with 70% ethanol; EGCG: epigallocatechin gallate. N: 44 °C temperature
non-treated; C: 44 °C temperature treated. (A) MMP-1 protein expression rate, (B) TRPV-1 protein expression rate. Result are means + SD of
triplicate data (significantly different by Tukey test and significant as compared to control. p < 0.05 vs non-treated N, = p < 0.001).
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3.3. Western BlotE Sof THiE Loifat
(HaCaT cell, Hs68 cell)

Matrix metalloproteinase (MMP)+= A3 ] 712
HelaAR 20 of Fo] glom, MMP-1-2 ZEhrl s
% Ssh= Fepa( L, I, 1L VID X&), Aepels fsfich=
oI5k 4=3Y5H}{15]. Transient receptor potential vanilloid 1

R =12 X ) A o=

oX
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(TRPV1)2 transient receptor potential (TRP)S] 28 7l -4
% slel 58412, ol ofsl) ZkElo] W AAARIN 5
% B e GRS asHe 2o UeiA lcklel
sl g=g B3] 98] HaCaT cell, Hs68 cellof|
40 min S9F 44 Co] AL ot F 22 el chaa
] MMP-1, TRPV-19] tfgt 2 oFARS- western blot-2- =3}
Z795151ck. HaCaT cellof] thet Aak= Figure 40f Uehdl
Hle} Zho] a1 el 500 wg/mLolA] FLWE= MMP-I,
TRPV-1 2208 7}7} 45.80% 59.39%2] IAS-S LFERyol
t}h FLE= ZI %%0l 500 ug/mLollA] MMP-1, TRPV-1
o0& 27} 58.61%, 63.36%2] Al UEICh
Hs68 cellof] thgt a 7|2 3559 st a5 &

(A)
44 T 44 T
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Figure 5. Inhibitory effects of fermented L. chinense extracts on the MMP-1, TRPV-1 protein expression in Hs68 cell. FLW:

Fermented L. chinense extracted with water; FLE: Fermented L. chinense extracted with 70% ethanol; Vit C: Ascorbic acid. N: 44 °C
temperature non-treated; C: 44 °C temperature treated. (A) MMP-1 protein expression rate, (B) TRPV-1 protein expression rate. Result
are means £ SD of triplicate data (significantly different by Tukey test and significant as compared to control. #p < 0.05 vs
non-treated N, "p < 0.05, “p < 0.01, “p < 0.001).

ekl el ), A48 Al 2 &, 2022



A Ail= Figure 50f] VERH B} o] |11 F%E<1 500
pug/mLo| A FLW= MMP-1, TRPV-1 402 ZFz7} 41.14%,
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Figure 6. Ultra performance liquid chromatography (UPLC) for identification of betaine in fermented L. chinense extracts at 230nm.
(A) betaine, (B) FLW, (C) FLE.
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Table 1. Identification of betaine in fermented L. chinense extracts

Peak results
Sample - -
RT (min) Area Height Area(%o)
FLW 10.805 732639 76985 13.58
FLE 10.802 692868 72263 14.18
Betaine 10.815 1487506 168160 91.98

FLW: Fermented L. chinense extracted with water;
FLE: Fermented L. chinense extracted with 70% ethanol;
RT: retention time.

e ) 258 st 715l glol 3HH 71
£ Ad &A= ek
3.4. ldentification of Betaine in Fermented Lycium

chinense Extracts (FLW, FLE)

UPLC AAERE ol g5l Had At 2= Y
betaine E41-S AA[5I9om, 1 YIS Table 1, Figure 69|
LRI, betaine w412 FEFE219] HF5 Al l(retention
time, RT)} ‘?‘414(area) ZFe 2basfe] AlEsI E} betaine<-
10815 min®] WEF Al7lollA] peak7} ERIE|Q] O, oo
tfiste] FLW, FLE‘— Z¥71 10.805, 10.802 min2] MFE-S A7t
o|A peak7} RFE|QTL FLW, FLEQ] WA ke Zizt
732639, 692868 =AU} betaine>- 7|2} | 3]
U T AReE, R A5 Eole A
il glom, Az2l= AHEIAIR wol AREAL Qi8]
E3} betaine G WRS-S xx%g].cq O]Eiﬁ} J_]-X-LQ_ h;i]—
o] It FofslA| HRiEle] Q= o= UEA Ti19].

wabA] betaineo] F-oE WE A} 2EEL IYNE
2 ghesh v 715 s AVEEA =2 28 7

1__0

7 g AR Bl
4. 2 E

B AT 4E B AR P4 95 35
(LW 717 16 ot FEEFLDE 18310 NO
A B R Fresh S HASICE NO % st

s At Sl 019} t*f?i% RAW 2647 cell,

HaCaT cell, Hs68 cellol| tito] FLW, FLEQ] A =442
SA 21, 2 =2 500 ﬂg/mml*i 5 90% o)
o] Mz =L VERAIIL 019} 2 Ad 21 E
= 500 ug/ml o]ale] HEE A Aol 2gsto] X

ekl el ), A48 Al 2 &, 2022
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shel . 4@ - kA

A7 - <Hs

0_1_4

gPapylet. NO Asf| 7S S8 2} 2L 5%E20 500
ugmLOJA FLW, FLE Z}Z} 47.96%, 56.71%2] $<=3} NO
352 LFERAQIT) HaCaT cell, Hs68 cello]] 40 min E<F
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