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Protective Effect of Mulberry and Lithospermum erythrorhizon
Extracts on Anti—aging against Photodamage

Yoo Seok Jeongl, Hee Kyoung Jungl, and Joo-Heon Honng

) !Biohealth Convergence Center, Daegu Technopark, Daegu 704-801, Korea
“)Dept. of Food Science and Technology, Catholic University of Daegu, Gyeongbuk 712-702, Korea

ABSTRACT We investigated the protective effect of UVB inducing photodamage from mulberry extract (ME) and
Lithospermum erythrorhizon extract (LE). The contents of total anthocyanin and shikonin as a color compound of
ME and LE were 4.92 mg/g and 9.58 mg/g, respectively. The electron donating ability and superoxide radical scavenging
activity of ME were 84.32% and 76.34%, respectively. The oxygen radical absorbance capacity of the ME (545.37
umoles TE/g) was higher than LE (427.18 pmoles TE/g). MMP-1 production in the HS68 cells were exposed to
UVB suppressed by treatment with 200 pg/mL of ME (68.6%) and LE (32.7%). ME and LE were applied to a skin
aging mouse model, which was induced by the irradiation of UVB to the backs of hairless mice. The value of skin
erythema index, wrinkle depth and thickness, epidermis thickness, and collagenous fiber damage in the experiment
groups (MEL: ME 3%, MEM: ME 5%, MEH: ME 7%, LEL: LE 3%, LEM: LE 5%, LEH: LE 7%) were remarkably
reduced than in the control group (only UVB exposure group), while water capacity increased. The level of total
wrinkles depth in the skin was decreased to be 30% of the control group by MEH and LEM. These results suggest
that ME and LE are useful cosmetic materials for skin protection against UVB-inducing.

Key words: mulberry, Lithospermum erythrorhizon, UVB, anti-aging, protective effect
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S 3}‘: matrix metalloproteinase(MMPs) 4 & =}
Aol TS S Skt AL g A glow B &4
?—-’:‘j/}ﬂo] FAshE ol MMP-19 845712 s &
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W AE AR Yok FEERNE IR F5 A
AAE EEEI6), Y FEES o] &8te] A dxAt
FRF FFzAd m¥xste] FEMA adE A
] 7px] Q)Y o ge FEEE VRRIFHE BFeE 5
thekg A7 AAEHATHT,8). 3 Cha 5(9) F30]
cho] e, FEAN, kst gt Se A AL E
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1 =33t

2 AT AFEstAl sk 2 (mulberry) 9t AFx
(Lithospermum erythrorhizon)= tEA|oFAd A & naph-
toquinoneZl MAE F3tal = U AN A Eolt)h @
e BuUFa BURE(Morus alba L) EA 2 AW #3}
o] gto R A 2 Aol ol < AT AuH
Aol 75t ATH10). oA otE AR delA
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, naphthoquinone =21 M4 Q)
o] HepAle YeERATH13). AFx AMAE 2 El
= 7HA gid 9 Zgolu= Aol Aje AAYER
2 dH A Qeh(14). B3 A2 FEEL U, oY 3
4, el fFadoel ol Vel AR RS AARE
B33 9JrR(15,16).
uebA 2 Aol AR RS adE A= 75
A ghale] dgow ot W Ax FEES o835t 4l
g3t AdfrolAl oA o] MMP-1 Al axts £431%
SES FRAY IR mxEta, A 2AME SIS
el

+ T =
u FRFe] 3R WMo} replicas B3 IF 24

dlo

%ot 160 rpmo. 2 wHlk %3 8 &
gl Whatman No. 2 o34 & o] &3}o] of FA|Z{T}, of 7%
FE5S 7H95=7](Model N-1N, Eyela Co., Tokyo,
Japan)& AME-3te] k53 ths, 471X (Freezone
Plus 2.5, Labconco Co., Kansas City, MO, USA) d}¢]
=70°C o]&}e] &hae] HEslAA BAE A RRE AFEEGIT.
Az T4 FYFFAIRNE TFYste 4710-
NCM, lisico, Seoul, Korea)Z #2413+ t}2 60 meshE &
I £ 5 g& 2JATA FEFA ] FE8 vesseld
FR3AT, FExACRE F59H
50°Cel A COz %< 20 mL/minS. 2 &}% 2

2 o e2S HUheke] 4083t FES T FEES Aty
=
o

2
@
b
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A7AZ(Freezone Plus 2.5, Labconco Co., Kansas City,
MO, USA) 3o -70°C o]3}e] WF el H3tHA] 48
A BZE ARG B Aol A ARSE 2AATA FE2F
A= cooling head”} 42 HPLC pump(Pu-980, JASCO
Co., Tokyo, Japan)¢} Bx-8&wE &3 pump, FEF
H &717F AAH o] & air-driven oven(Co-965 col-
umn oven, JASCO Co.), 8879 effluent’} X34 4
91+ AA}A] back-pressure regulator(880-01, JASCO
Co)®E 450l glem, Fig. 1o et
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Fig. 1. Flow diagram of supercritical fluid extraction (SFE)

& UEAOH B =

F StEA ol L Lee 5(17)9 WHOR oUFF
B AR 0.2 g& THF 3 mlol o A& ARR
AHgERTh F QtEAlobd BA14 AJE 100 pLell 1,900 uL
<] pH 1.0 buffer(0.2 M KCI+0.2 M HCD<} pH 4.5 buf-
fer(0.2 M potassium phosphate+ 0.1 M citric acid)E Z+
ZF 23k & 520 nm$} 700 nmoll A FF =5 ST
F AEAoPI 82 cyanidin-3-glucoside?] =537
(e=26,900 L-M -cm )E o]g3}o] ofge] Ao os) A
Ahesitt

Total anthocyanin content (cyanidin—-3-glucoside,
AXMWXDFX3x5,000

ex1

mg/100 g)=

At (Ans20~Anro0)pi 1.0~ (Ans20~An700)pH 4.5

MW: cyanidin-3-glucoside®] #2}3=449.2 g/mol

DF: 3|4 uj<==20

3: % %39 3 mL

5,000: Als 100 g@ o2 3H4tsl7] 9late] FE9 9] A
5 FAD 0.2 go 2 i g

e =53 A4=26,900 L/cm-mol
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Shikonin &2f 2M

Az FEE9 shikonin 33E 2> HPLC(Waters
2695 Separations Module)Z 241819 t}. XBridge  C18
(5 um 4.6x<150 mm) column(Waters Tech., Wexford,
Ireland)& AH&39 3L column & =& 23°ColA, AE7&
photodiode array detector(2996, Waters, Milford, MA,
USA)ZE, 3742 520 nmellA FE3H3A T o] 5742 CHiCN
1 H20 : CH3COOH : EtsN(630:370:3:3, v/v) 2.2 &35} ¢]
flow ratex= 1 mL/min® &%= 331 20 pLe FY 5]
A5kl
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MBS Hs &3
grtstsS S48t g AR-3 o] 5 (electron donat-

ing ability, EDA) 1,1 diphenyl-2-picrylhydrazyl(DPPH)
o] e S o] &3sto] SAIATHIL). A= 100 ugs 57
S 1 mLoll *o]a 4<10* M DPPH 894(99.9% ethyl al-
coholol] €3&l) 1 mLE 7}3}e] o] Bul7} 2 mL7} ¥ =
5 it o] Whg S oF 1021t E3Fstal A=A 302
ZF WA § B34 = A (Ultraspec 2100pro, Amersham
Co., Uppsala, Sweden)& AH&-3to] 525 nmollA FFLEE
S4BT AATALTH = FEES HIF A T Ao

=

£ wRgz Jeh.
_(y_ _Sample absorbance
EDA (%)_(1 Control absorbance )XIOO
ORAC =X

atsl B4-8 Talcottet Lee(19)7F &4k3} 2HAd =70
AF&-3+ oxygen radical absorbance capacity(ORAC) &4
Ho o] aslglr), B Aslo A Ho W gEae kr 3
A3 A8 A 59| AFoE= S phosphate buffer(61.6:
38.9 v/v, 0.75 M KzHPO, 0.75 M NaH:PO,)E AH&-3}3
th A% F4s ] flske] kst &4 v

© =2 trolox(water soluble analogue of vitamin E, 6-hy-—

37T A&~
X

droxy-2,5,7,8-tetramethylchroman—-2-carboxylic acid,
Sigma, St. Louis, MO, USA)el| 1itet5HS 78l 242+
0, 1.65, 3.125, 6.25, 12.5, 25, 50 yM F=2 34 3}aL
phosphate buffer 50
mLol| &383}e] A|Z3}e] fluorescent microplate reader
(Infinite M200 PRO, Tecan Co., Grodig, Austria)ZS A}-&
3lof 485 nmol A AA7E o 7] AL 538 nmel A =5 A
Zd3te] & Ao A&kt

fluorescent stock(Sigma) 10 pL.&

JI)|I

Superoxide radical 2A/H{EM =X

Superoxide radical 22842 Nishikimi 5(20)¢] W
Holl wheg} 4353t} 34 A5 20 plell 62 uM nitro
blue tetrazolium(NBT)¥} 98 pM B-nicotinamide ad-
enine dinucleotide(NADH)E &-7-3F 20 mM tris &9 (pH
8.0) 800 pL.E 33t v, 20 mM tris £ 80 uL.<} 33
uM phenazine methosulfate(PMS) 100 uLE Z}7 % 7}s}h
At H@Zadow PMS/NADHZ 9% superoxide
radical®] formazan =4 560 nmolA 10% FoF W&
o] FHLEE S5t ofyf Aog ALle it
Superoxide radical scavenging ability=[(A—B)/A]<100
A: absorbance of not added sample
B: absorbance of added sample

MMP—-1 X{sli&tM

0>

o
UVBZ £49 95 AE232y o 2 % FEE9
e ARS8l AFE Ry Aol Al ¢l HS68S

1= e}
opre

American Type Culture Collection(ATCC)ol| 4] b
10% FBS % 100 unit/mL penicillin, 100 ng/mL strepto-
mycing 7}k Dulbecco's modified Eagle's medium
(DMEM) wjA] & o] &3} 37°ColA 5% CO.5 33 3dlHA
3elubet An) Mg sho] & Aol o] §3th Uliravio-

let B(UVB) ZAME 53 HS68 A X9 Fw3l = 24
well plated] Al 2x10° cells/well =2 H335)a1 2447+
vjeFste] AlE2E FAAZ] FH Quan (21D HHS HES)
of FaPATh S, MEE 2443 viFE 5 iR E A ASE
a1 phosphate buffered saline(PBS)Z + ¥ A& o5
ME] 1 mL PBSE #H7}ekgith UVB Z2AME UV XS
o]-&3te] UVB(280~320 nm)E 80 mJ/cm® = Al ZA13HS1
o}, o]u] UVB &A%+ Chiang 5(22)2] Hitol whe} AlE
AEFo| JEgS 5% ¥ 2HA matrix metalloproteinase

(MMPs) =7} 4oy s 4319 o, UV-radiometer
& o] &3t AIES SA3Ith Al=el 9% MMP-1 A
A Wk A7) 9) o] UVBE AL Al o] PBSE A1 A
ka3l 10% FBS % 100 unit/mL penicillin, 100 ng/mL<]
streptomycing A 7}3k DMEM iz 2} A A e

=S
5=

3l 24A1ZF F7F w ket & 6,000 rpmell Al 1087 9941+
£ 3l A5 NS 34319 matrix metalloproteinase—1

(MMP-1) human biotrakell tjal ELISA system(Amersham
life science, Arlington Heights, IL, USA)& ©]&3&}o]
MMP-1 42 S48 glt

HESE Y AT

e 2 2% FE5E9 E3¥7} UVBol &3k F=3}dl] 1]
A das 2AH] fE AP EES 657%(18~20 g)9
7 FRF(SKH-1 hairless mouse)= "a‘ Charles-
RiverAHTokyo, Japan)25-E #4gko} 1 F AFS Ao
A AEAZ F A ARgEglon, ”‘e Xd 712k &<t
Abs el S & AHEA FEEhth AR 25 22+1°C
AUHEE 50£5%, 2HFT7] 12A048 e FA8 v

372 Table 17 o]
AiEwPCa) ddvors ot

B (NO), tZ(COT), <

==

F=E 3%(MEL),

5%(MEM), 7%MEH), Atz FZ&= 3%(LEL), 5%(LEM), 7%
(LERZ F 9722 o] 7} 29 5 Pﬂ“‘ & 45vhel &
Aol ARkl ddeee A7 T8 F oHER v
3 ohe HREAS AE F 100 TE2TY {0 145}

>

2487 2 19

2ol AFE-SIGITE FEAY el dYd BE
AL FERIPY 3R B #2488 93] (nstitu-
tional Animal Care and Use Committee, IACUC)2| 13
Zeln S8 Al HolHA sttt

U

F

=

=1 O
W= al

o

NEEZ U ORLs QW

T Aol ZAE Park S(7)9] HHo 98] of el

=

Hil

=

ddl=8F 2 SHTE 247 30:50:209] v&=E =33t
713 ZM(basal lotion)ell 2t] @ AxFEES 3, 5, 7%
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Table 1. Experimental groups of SKH-1 hairless mice

Group Treatment

NO Normal group (no treated group and basal lotion containing)

CcO Control group (UVB irradiation and basal lotion containing)

PC UVB irradiation and basal lotion containing 1% ascorbic acid treated group

MEL UVB irradiation and basal lotion containing 3% mulberry extract

MEM UVB irradiation and basal lotion containing 5% mulberry extract

MEH UVB irradiation and basal lotion containing 7% mulberry extract

LEL UVB irradiation and basal lotion containing 3% Lithospermum erythrorhizon extract

LEM UVB irradiation and basal lotion containing 5% Lithospermum erythrorhizon extract

LEH UVB irradiation and basal lotion containing 7% Lithospermum erythrorhizon extract
TEE Ho] Azt ol et # AxFEES] FEE A HAME flete] ddsE 24S HF o} A2olM 10%
Tsoyi 5(23)¥ Chang 5(24)¢] dA7-H el wpe} o] 3 T4 F2TR g0 24x3F 14T F AR A
EEL AEANC FHS VFOR 5%, Ax FEE FEF grol 2ol 9] #3le] hematoxylin—eosin Oé"—.ﬂ} Masson's
= O 8 &4 oo 5% &3 ddAA Aol trichrome 98-S AA & 2485 @239
Adtte A= Fasle] EgElith Alxd EENE 100
A& 853 1Y 13], 7 53] FEF | T F9lol =x33 SAAE|
o} w3 AU ETE AR A 1% ascorbic acidE 7] AFoA ozl Aol FAA Fo]AdL SPSS(Statis—
ZAo Ho] =¥QY. 4o A BE =¥ 5Y & tical Package for Social Sciences, version 10.0, Chicago,
ERAZ 7o) 2L To] A=bE Ao Aol 7Tl 5 B IL, USA) programs ©]-&3te] Awd A+ xFAox=

of #%5étA 60 mi/em® FHFS 1 minimum erythema FABI A, APE Fg kel gk BAA FodS
dose(MED)Z 3} 157Y 7F2 o2 1 MED® Z7MAA, 1 FX0.05 =29l 4] Duncan's multiple range testol] 2]l 7
Fdol 33], 75 FF UVBE XAt F 853 AR e X g8kt
oF Walste] " estE ATk Aol 49, UVB
g A %3 | RRATS EEsac Zop 2 nE
mREuzol £E8 &1 & oHEAJO}! Y shikonin B2
e 549 RS 217 mexameter(MX18, CK oY 9 2z FE2EY 35 582 47 15.6%9) 8.4%

elecronic GmbH, Koin, Germany)$} corneometer(CM825, 2 BEAFAeH(Table 2), £+ cyanidin 3-O-B-D-
CK electronic GmbH)E AFg&3}o] 8F7F v 13] 14 o glucopyranoside®} cyanidin 3-O-a-D-rutinoside®} 7

= =43t

& QrEAlobd Mg Itk kel A glow, Aol A
‘1
o

AB-L shikonin & 1 FEAZ 80°C o] Aol A= Bl s
A

o2 xxo| Hefstx g3t EFolgta Haxa 9Jvh(25,26). o] 4 1}%—%%%94
AP AF 8F F 7H7te] AT S o R JEHER M Bol e Table 20 YEHAL 0] 55
7PA vHE B, R ARE ARH o R Hrtelr] 93t FT AEA o] S EAS A7 4.92 mg/gol=dl,
o] AFFE wjFol He)ZE(SILFLO impression Kim %—(27)0 T EAE Ao £ F EAo}L
material, Flexico, Tokyo, Japan)& ©|&3}¢] I|H53 W &eko] 0.42~1.15%2Fa H sl on FF A8 A3
(replica)2 A28}l skin viscometer(SV600, CK elec- g W 9 22X A0 uet f-9 Al zfpolE Vet
tronic GmbH)E FE9 FH=S A&353 kA Th HPLC 418 &3 A% 5 89] shikonin &

nEESILE S EE R w0 2% shikonin el 0.009%2} kel 2 04?011 A
A AP Yo 2497 :

9.58 mg/gl & YElREH, Kim $(26)& 283 F&4

Foooole® 294 22840 488 FAAT. S

o v -1

[0k

—o‘

Table 2. Yield, total anthocyanin and shikonin contents of mulberry and Lithospermum erythrorhizon extract

Total anthocyanin content

. o I
Sample Yield (%) (cyanidin-3-glucoside, mg/g) Shikonin content (mg/g)
Mulberry 15.60 4.9240.08" -
Lithospermum erythrorhizon 8.40 - 9.58+0.02

"The values are means+SD of three experimental data.
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Table 3. Antioxidant activities of mulberry and Lithospermum erythrorhizon extract

Superoxide radical

Sample Electron donating ability (%) scavenging activity (%) ORAC (umoles TE/g)
Mulberry 84.32+0.17" 76.34+0.81 545.37+38.65
Lithospermum erythrorhizon 57.46+0.24 61.55+0.73 427.18+£27.12
"The values are means+SD of three experimental data.
(28)2 21 42 A8sto] 70% oAete FERY 2 5 F=gk= ROS A} oo mE MMPs £H] = Q13|
Gee dglow, 4ol ke A0 shikonin FEFE NV E FASAL Q= Behdle] Halgow A% el
o) P59tk y uuSALh et shikonin $EE A3 AWel mE Aelrh AWNA Y= MMPs e
AR 294 FE3HS A4 FEHgelon, &% MMP-1& Fe}zllo] SolA o2 283} proteaseZA]
Tk 5 Aol A shikonin el Wstel i A MMP-19] &274& Ashd bl ZallE HaAA,
77 Aasd A paAe] g fAskn F5 ANS AT 5 s Ao
2 d#A JrH21). Lee 5(32)2 HS68 A& dlfo =
et gy UVBE 2AHet91S o] MMP-1 #4171 27FE 9tk B

o 9@ A2 FEEY Y EEQL AdEA U
shikonin& zs]—/\}§]_ =i zs]-(ﬂ—:@l-k] Eo] _Orzl:—s}]:}_ﬂ y_y_gﬂ
UTH12,28). WEkA ot @ A2 FEES HATA T,
superoxide radical 27% % oxygen radical absorb-
ance capacity(ORAC) & &F3lsS FA}SEStH(Table
3). ef % AxFEE AAFolee 242 84.32%)
57.46%2 A= 47l 438321, superoxide
radical 227152 QU FEE0°] 76.34%% YEh} Apx
=& 61.55%%F vlal Al o] FEFC] FAkE Aol =3
o}, 2 Ao A ARE-$H ORAC W2 radical chain re-
action®] 7H¢ A A GARD AR M} At
AAPH(2,2'-azobis-2-methyl-propanimidamide, dihy-
drochloride)ell 913l A€ A-Fetc)Zo] digk dikst &
el &~7 %9, & radical chain breaking antioxidant
capacityg 5 5X4 d3to 2 M A EF Yo &A= hydrophobic
A3} hydrophilic & E7ol ¥H-&317] wiZol] &84
7§ FHE 7HA 3 Jrh29). &Y H Ax FEES
ORAC #t& 27} 545.37 umoles TE/g3¥ 427.18 pmoles
TE/go = A Ho 2t FE5EY itst S0 =8
greolalgdt}. dAs A= reactive oxygen species A S
A8l 5}+= superoxide dismutase, catalase 53 £ HE
A gakskAl 9} radical chain sequenced HAWA]T| &=
chain-breaking® #4FsA|Z vz F d&dl oxygen
radical 9% 3 ## 3 ORAC assays FAlo| 33t}
(30). wehA Y] ¥ Az FEE-S radical 2758 of
Y} oxidizing chain A #H-&%= B oJFo] -4 i3]
2AE 8§ 7Hssitr ddET

MMP—1 AfAj

UVB XA J5-o4 DNA €4, reactive oxygen
species(ROS) B4 55 &3l thdsiAl 5 Alx9 7|5S
S A ZITHE1). E3] ROSE 24 e 712 oz 24
S g g Bk olye}, MMPs9] 84 ¥ &4 E fx3)

U
N
E 5 2 A bl F0% 982 @ Avsow

pud

skl m}a} Al on 9 Az FEE kst @] UVB
o oa] Fr=sts dol FRA XA dojuk= MMP-1
w=H] 9 %*xﬂ%] T AEAES HS68 AlEE oz A}
stk HS68 Al Eol UVBE A § o] 2 A% 5%
S 10, 100, 200 pg/mL A2 }5lS wl MMP-19] Aikeke
FREH R Ao oY FEE ATl
Tl thFig. 2). 20 2 AxFEFE 200 pg/mL 5=
o] MMP-1 A4tgEe 247k 222.13 ng/ug, 476.57 ng/ug
protein®] i1 UVB FA} & F312]+(707.68 ng/ug pro—
tein) @} ¥ A] 68.6% 2 32.7% A= FrAaF ATt whEha
o 9 2% FEEo| MMP-19 LS 7444 4 A&
S on)gtt} 7Y Petrova 5(33)2 SKH-1 v}~

X o

o] &3k UVB =3} A%l 5E ZPo|A honeybush®] =37
A& FEE0| IHo Aaly &8 xdely A5EAES
FaA7) 3 D5 &S FIAFE RSt ol g A

= ob B Az FEEe] bt avtE Qs dFA 2
0)

800 - m10 pg/mL @100 pg/mL 1200 pg/mL

ab
b

(=2}

o

o
L

MMP-1 expression (ng/ug protein)
N B
o o
o o
(o]

uv ME LE

Fig. 2. Effect of mulberry extract (ME) and Lithospermum eryth-
rorhizon extract (LE) on MMP-1 production in UVB-irradiated
HS68 cells. Each value represented the mean+SD of triplicates.
Different superscripts indicate significant difference among
groups at P<0.05.
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AAEE A HE T B A= Kim3 Kim(34)9] o
ToF ol v A NOwol Hl8) FWEr} oba]

BHAE o] &g Fusl FHHEHAGA YEhE S4 o] B3
5]‘”“4’(131;; 3A). o] 9 Az —ir%% Al dellA = ZH

Terui%} Tagam1(35) 494 g Fo UVB =& A] &4t
7l *7]'9} 7 dsHk-gol vehu, s
oL} A IH“’] Aok Baskglh whebA
B A w9 £29] 74 UVB
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transepidermal water loss at°] &4 3]

st

(A) 350 ~

300 -

N

o

o
L

200 -

150

Skin erythema index

100 +

50

NO Cco PC MEL MEM MEH LEL LEM LEH

Water capacity

NO co PC MEL MEM MEH LEL LEM LEH

Fig. 3. Effect of mulberry extract (ME) and Lithospermum eryth-
rorhizon extract (LE) on erythema index (A) and water capacity
(B) of UVB-irradiated skin in SKH-1 hairless mice. Each value
represented the mean+SD of triplicates. Different superscripts
indicate significant difference among groups at P<0.05.
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Fig. 4. Effect of mulberry extract (ME) and Lithospermum eryth-
rorhizon extract (LE) on total wrinkle depth level (A) and repli-
ca images (B) of UVB-irradiated skin in SKH-1 hairless mice.
Each value represented the mean+SD of triplicates. Different
superscripts indicate significant difference among groups at P<
0.05. NO: normal group, CO: control group, PC: group treated
with 1% ascorbic acid, MEL: group treated with 3% mulberry
extract, MEM: group treated with 5% mulberry extract, MEH:
group treated with 7% mulberry extract, LEL: group treated with
3% Lithospermum erythrorhizon extract, LEM: group treated
with 5% Lithospermum erythrorhizon extract, LEH: group treat-
ed with 7% Lithospermum erythrorhizon extract.
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Fig. 5. Histologic changes of UVB-irradiated skin in SKH-1 hairless mice after 8-week experiment (X 100). Hematoxylin-eosin
stain (A) and Masson' trichrome stain (B). NO: normal group, CO: control group, PC: group treated with 1% ascorbic acid, MEL:
group treated with 3% mulberry extract, MEM: group treated with 5% mulberry extract, MEH: group treated with 7% mulberry
extract, LEL: group treated with 3% Lithospermum erythrorhizon extract, LEM: group treated with 5% Lithospermum erythrorhizon
extract, LEH: group treated with 7% Lithospermum erythrorhizon extract.
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