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Korean black ginseng extract protects against UV-induced skin
damage through antioxidant activity and inhibition of elastase,
tyrosinase, and hyaluronidase
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Abstract Korean black ginseng (KBG), produced through nine repeated steaming-drying cycles, has
been used for various health benefits, but its protective effects against ultraviolet (UV)-induced skin
photoaging remain incompletely understood. This study investigated the anti-photoaging potential
of KBG extract through evaluation of its antioxidant activity, protection against UV-induced
damage, and inhibition of skin-aging related enzymes. KBG extract demonstrated dose-dependent
protective effects against UV-A-induced oxidative stress in human dermal fibroblasts (HDF-n),
significantly restoring superoxide dismutase (SOD)-like activity from 64.6% to 93.8% at 100 pg/mL.
The extract effectively suppressed UV-induced matrix metalloproteinase-1 (MMP-1) expression, with
optimal inhibition at 10 pg/mL. In B16F10 melanoma cells, KBG inhibited tyrosinase activity
(40.0% at 100 pg/mL) and reduced melanin content (33.4% reduction at 100 pg/mL). Direct enzyme
inhibition assays revealed that KBG extract inhibited tyrosinase (20.3% at 100 mg/mL), elastase
(32.8% at 100 mg/mL), and hyaluronidase (20.3% at 100 mg/mL) activities in a dose-dependent
manner. These results suggest that KBG extract possesses multi-target anti-photoaging properties
through its antioxidant activity, suppression of MMP-1 expression, melanogenesis inhibition, and
direct inhibition of skin-aging related enzymes, supporting its potential as a functional cosmetic
ingredient.
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1. M2

[

o5 eshs Wield w5tk AR M (ultraviolet, UV)Ill &3 Festz FEE, 53] UVA] g
Fest Wn 22, U4 Y, wE Aok 58 FUSE 2R Aelolth UV ZAL 53 A0
A A A (reactive oxygen species, ROS)E& AJAsto] AlStd AEHAE {HSIth(Li 5, 2021).
o]z 3t AlSld AEHAE n|EA &3} A QlAkS}E A (mitogen-activated protein kinases,
MAPKs) F25 ZA8A]7]0L, o]+ 43} THlA- | (activator protein-1, AP-1) HARRIANS &3]
oA B3 849 7|8 ST E A-1(matrix metalloproteinase-1, MMP-1)2] @2 &7}
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A Xue 5, 2022). UV =& FoF TR2AERZTHY E2
(prostaglandin E2, PGE-2) ~5& 24| S7IAA 42 ¥
sle} A2 715 AolE 2ok, Fiest oA S Bl
I(Collagen Type I, COL D] Zae A4 w3t o 4ot
UehdthXue 5, 2022). 55 MMP-12 17j39] £ 74
3821 COL I &3fiste] o & & At} =5 3= =
Stth(Lee 5, 2023). T UVE 934 Ato]E7HI(cytokine)
ol QlE]&Zl(interleukin, IL)-1B, IL-6, ZFI|ARIR} Lt
(tumor necrosis factor-alpha, TNF-0)2Q] &3-S S7FA|A FH
A5 B et FxdkE 7RSSR (Shin 5, 2021).

Ape]Aof| ofgt Aas ke diEhd A4 1o S aagl
E| £A oA (tyrosinase) B/ F7Ht WAeE #o] itk UV
=52 Wt AL E(melanocyte)ofl A E] ZA|LoHA] TES 5
7FXA L-E]ZAI(L-tyrosine)S L-3,4-dihydroxyphenylalanine
(L-DOPA)Z, ThA] 1} =(dopaquinone) 0. & AFSIA|7]+= T}
< FRsto] gt depd Y4gE F gtk (Papaemmanouil
5, 2022). T -5} 3Fof| A AepAERobA|(elastase)= T H
312 A19] defAEl(elastin)T} ZEH4l(collagen)S H-afj51o] T
e Aols Zefioh, o] FE4E Fol| 4 (hyaluronidase)=
i 5 240 HHHR1 JTE oh= 5| YFE4 hyaluronic
acid, HA)YE E-5}|$tcH(Papaemmanouil 5, 2022). 0|23t 84
E9 AR P2 B2 5, 24 BH, AR 5 o
oFst u . A -FuFstH(Desmiaty 5, 2020).

T HAE 7 Fest E v Aol et Tilo] 7t
SHHA, TSt oFAlE FEE9 Y7 Ee aip) A4EIL
Utk &3] kst Aol 93t EF = (polyphenol) SF¢
=2 PR FAES0] FELL 91O, o5& ROS &75
< &0l B3E JAotal E|ZAIYoHA] E/dS Asfste] H]
W g3 YERHTH(Chaikhong 5, 2022). A Z2FH =2 S
HA] A (hormesis) AIHE LB O] W2 FroA= A HE
IE, 52 sRoAE 94 23E UEYE Ao=Z dEA
Qlth(Papaemmanouil 5, 2022). L ATNA Anacardium
occidentale®} Garcinia zeylanicum o FZ=0| 7323 A
3} 2437} A detietolA, B2 AU oA 4 e
WO ™(Chaikhong 5, 2022), halophyte 2% % Salicornia
europaea’t -5 At AElOLA| Q) S| YTEA Eofjla4
A4S Hole= o7 HIESt}(Jiratchayamaethasakul 5,
2020).

Ol4K(Panax ginseng C. A. Meyer)< QXA EE 3sto|5}o]|
A AREES] & HEAQ] FEAER, A ADY ZA LA
O]=(ginsenoside) & 8 SAAE O Z T-f-alal Qlct. A4
7hs o] wE g, B4 sS4 58 fREY, 7k 1
oA @A Hrof wet A keAtel = 2/d3t AFEgdo] W
3leItH(Jin 5, 2015; Shin 5, 2019). 34> Qs S5 4
Z BE AA 75T AL R, o] B4 Re3, Rh2, Rkl,

i o

1
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Rg5 59| 50| AAleAto] =7} A= o WiatHTh F4E A
21842 Uehdth(Son 5, 2023). 4 7HEE2 FAts 24
< &3 UVE I3t ROS A< Alsta, MMP s 74
AA EF BHE A, A5 AlEAR] TES 24
Sto] O F FLeokE JA5k= 2oz deA UTHLi 5, 2021).

Sk (Korean black ginseng, KBG)2 Ql4F2 935]9] F4:+-A
% 1A (nine steaming and nine drying)< HHEs5lo] A 235 A
o=, FAHEG H 71 @X2E AXHSun 5, 2011; Zhang 5,
2024). o]2{_t WA Rl F4 B0 A HFBKdeglycosylation)
Hkgo] dojut wiitolut Z4oll= Q= Re3, Rkl, Rg5, Rh4e}
#2 99 AAZ=ARo] E(rare ginsenoside)7t FF-5HA A/
w(Chen 5, 2020; Jin 5, 2015), Maillard ¥1-3-& E35F 2
NEE sl o 74 ek BTk ehiciKin 5,
2016; Metwaly 5, 2019). | 70| =29 S4F F252
TAFSI A (hydrogen peroxide, H)0)Z FEH ASHE AE
g AREE QIZF PN ZE HS 5P (Ahn 5, 2021), A}
2 S 2HE 9 AE E4Z dAlske AR HiEHg
THAn 5, 2021; Bak 5, 2014). 53] WA 4R A7F Afot
M| XE(human dermal fibroblast)| A FF5 ATE YEFHOH
(Pham <5, 2017), S4F9] 8 A&l ZA|Ao]E Rg5¢}
RKIS W2 44 ofalo] 7 ow] A3 Yep A
o FolEYr}iJin 5, 2018). EFF SA 2ZELS UV-B X
AFE Q13 9% WSS nc886-PKR A= 2P Ed A5t
Frolz Ry fiE Hosks Zo® HIFHUHKIm 5,
2024),

Iy AF7HA 9] S4F B 5 ATs 2 54 AAkA]
T AR avg i a4 oA 240 FFEA JleH, &
5] UV-BOf| 9|3t g3} Who] A+t7} tf o]t} UV-Ae A
TF o] JFs Fedks fste 8 YUYl &
THL, UV-AR ¥ Jledt Rdo S4 559 52
Ao tigt A= m AltA ol E3F v k3lo] 9
Bl 240l E|2ALoA|, dtAEtorA], S| AFEAT #3f
Ao Higt S49] oAl avE SR FrIE A4e 75
oh, 3] 3|IE2AF Balato digh 34k9] oA avke= A
o] HIEA] ket t&o] Al 7|5 Ay} 2349l as
A B4 B7HE AT 5 B Al(multi-target) HZHS &
3 SA4tY] B} AvE SHA R R A= Wi &
i AZolth wEhA & AFolA= 93] S5-1% TR Al
£ KBG F=&9 gF n¥ 9 g3}t avs Hrish| 9
3 BI6F10 WA SA4E A|3ze} Al4do} w5 {2 <17t X1y
4-5-o}A| E(human dermal fibroblast-neonatal, HDF-n) A| X5
ol-gsto] Al PEE, At &4, Hahd A4 A, MMP-1
9 A IS AT B3 in vitro Bd B4 WIS
&3l ElZA|UoA|, A=tAEOHA|, S|EFEAL Eoflaso] o
S AEHl o4 LIS Bste] KBG 2229 7154 3t

for

N
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AE AARAY F5A4S Bt ik

2. Tjg %! ity

2.1. gie ¥ F55 54 24

2 o A8 6d QAR 20199 98 A 3 Al
A Srelet g Ffstol ALgsloict. AlRel BHE A
SHL ofelal §9nel B4 SEIRLOB, 57 ER(voucher
specimen) e ATSHL oFstefst AAROIOHE A0
R0l Sk, T4 2B T193t 2ol AT AL
THTE AIAET T 70% oflgkZ(Sigma-Aldrich, St. Louis,
MO, USA)Z EHS A%otal Ao HARAIZT. A5d <l
A& 557](steamer)E 0|85k 98-100°CO A 3A17F F<:3t
T 60°C Z7](dry oven)oll A ~E3o] 14% olst7t &
7HA AZSHT ol S5-7% B2 93] RHEsto] IS4t
0 F AHFAZ T Ba7)(grinden)E Bisloitt. AxE A
29t 100 gof 5% 1 LE 7F51o] 80°C water bathof| 4] 3A|7F
59 95 2209 23 98 T 480 WY 0,
400 mesh AE SIAIA 12} oIl 0.45 pm HEHQ] L
(Whatman, GE Healthcare, Little Chalfont, UK)Z 2%} ofZ}5}
Aot FF FEEY G YAE 224 (digital refractometer,
PAL-3, ATAGO, Tokyo, Japan)E Ar&5lo] 24351909 1.7
°Brixg UEHHth. 559 1FE 2 105°CA o]
2 gj7}x] AZ7|(OF-12, Jeio Tech, Daejun, Korea)olA AZ
AlA ST 23} 0.44%(wv) T Aol AMgH FE89 &
TE BE AR $2 VISR A4St

Z2ZYds 2 Folin-Ciocalteu W oz Z=%35}9ct.
%25 50 Lo Folin-Ciocalteu A]2K(Sigma-Aldrich) 500 pL
£ AHrlste] sEZF HFSAIZ] & 10% sodium carbonate 88
500 pLE 7hsto] A2 kAol A 1A HAstgiH. §Hge] &
FrE nfo]aZ2EY0|E | H7|(Sunrise, Tecan, Minnedorf,
Switzerland)Z 760 nmo||A] 45} 0, ZEAk(gallic acid,
Sigma-Aldrichy& EEFEA =2 ARS5H] mg gallic acid equivalent
(GAE)/g dry weightZ HA|S}T}.

d

2.2. ME Hgf & HE Y¥Z= ST

oA ZAE A EZFQ] B16F102 American Type Culture
Collection(ATCC, Manassas, VA, USA)Q Z ELE|, AlAjo} T
2 o8 7t Am H-FobdEQl HDF-n2 Modern Tissue
Technologies(Seoul, Korea)ZHF-E HoFgtol AREsITt F+
M|EF HIE 10% fetal bovine serum(FBS, Gibco BRL, Grand
Island, NY, USA)¥} 1% penicillin/streptomycin(100 U/mL
penicillin, 100 pg/mL streptomycin, Gibco BRL)0] ZE3}HH
Dulbecco's Modified Eagle’s Medium(DMEM, Gibco BRL)
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S A1g31o] BiYBIoATE AlEE 5% COy, 95% air, 37°C 2719] CO,
Hi9F7](MCO-170AIC, Sanyo, Osaka, Japan)o|A] -3-A|5}3ict.
A3 AEEL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT) assayS ©]-&5}o] H7l5ltt. 71=Fs], 96-well
plateo] A|ZE EFoaL 2447 v F, Bfet 529
KBG FZ&2 ATs5It}. 24A17F &, phosphate buffered
saline(PBS, Sigma-Aldrich)o] &3JA]71 MTT €9(5 mg/mL,
Sigma-Aldrich)2 Z wello] 50 pL® &7}s}al 44)7F B9t &
7} vjekstath MTT & viX S A A3 3, BAE formazan
274 dimethyl sulfoxide (DMSO, Sigma-Aldrich) 200 pL=Z
SR e vle]A=E0|E 25 7|(Sunrise, Tecan)
£ AH&Sto] 570 nmoflA SAskgloH, it djH] HEe=
ME YE2&E A4letgt

2.3 Xf9M ZAf L HE T2/

HDF-n A|2Z5 o]-§3t 331k} Bl 52 918 100 mm A
FTaFHAlof 1x10° cells/mL SE& 233510] 24A|7F Aufof
SHITE UV-A RARE 918] Bl AlASHL PBSE 23] A4
ot H, HaF PBSE €3l AEolA UV-A lamp(Bio-Rad,
Hercules, CA, USA)E ARE3slo] 8 Jiem?9] AFFo g ZRARIY
t}. UV AL & SA] PBSE A|ASIAL 5% FBS7} 23HH 4141t
DMEMOE WA§ thg, Tt 529 KBG F&%5(0.1-100
ug/mL)S Agslo] 37°C, 5% CO, ZANA 2447 85t
o}, vj9F &F & A|EE trypsin-ethylenediaminetetraacetic acid
(EDTA, Sigma-Aldrich)® 4=3}5}0] 21712 PBSE 23] ¢4
AM|Z(1,200 rpm, 55)3}T}. A2 Hall(pellet) lysis buffers:
A7Vt 221}t M|E3}4) 7| (Sonics & Materials, Newtown,
CT, USA)Z THaf|5} 0™, 13,400 xg, 4°Co|A] 155-7F ¥4
25t A5HS 55T} Tl 5= bicinchoninic
acid(BCA) protein assay kit(Thermo Fisher Scientific, Waltham,
MA, USA)E ARgsto] sl

2.4. Superoxide dismutase(SOD) A} EEE &

SOD -FARHIZ pyrogallol A7Hik8l AH-Z- o]-8-5tof 57}
SFGL}. FHO| A3 A5 50 puLe} 50 mM Tris-hydrochloride
(HCl) €59 (pH 8.5) 500 uLE &35t &, 7.2 mM pyrogallol
50 pLE Hriste] AL(25°C)A 1087t BFSA A ¥k
BAE 93l 1 N HCI 50 uLE 7}s}ko] pyrogallol®] 4SS 5
Sr)7] &, "S- ML 96-well plate(Nunc, Roskilde, Denmark)
2 &7 |32 EH0|E g 7|(Sunrise, Tecan)E ©]-8-5+9
420 nmoJlA FFEE S5 BEEEE LOofATEH
Al(ascorbic acid, Sigma-Aldrich)E ARE-51G0H, SOD FAF
242 o= 4ol 23l pyrogallol Z7hitst A WiZE&= 7|
AFsteiTt

https://doi.org/10.11002/£sp.2025.32.6.1210
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SOD §AHZA (%) =
[1- (A& F7R 385 / H22 F¥5)] © 100

2.5, B16F10 AEOJAIS] E[ZA/LIOLY 2A =F
BI6F10 1}-&A SAZ N EZZ 6-well plate(Nunc)o] 2x10°
cells/well®] W2 BE=35lo] 24417 Auferslct. vkl w
A & TSt %9 KBG F2E(5-100 pg/mLyS A 2j5ko]
48A17F 27} iRl elT AE Soke 91 WiAE AR el
21712 PBSE 23] Al ASE &, 1%(w/v) Triton X-1000] E5}HE]
100 mM sodium phosphate buffer(pH 6.8) 100 uLE &7}k
ATt -80°Col A 3027t F2-83f IS AA AXE E5iA]

[e)

L, 4°C, 13,400 xgoflA] 3027t A& st e &
E5191t} BCA assay= A2 gt 2, 100 pg T o]

AS5l= Al 830 2 mg/mL L-DOPA(Sigma-Aldrich)
89 80 L2 H7Fs}ol 37°COIA 6087 Mg AIZ A4
T 3E0] 2 ulo]AREH0|E 2|t]7|(Sunrise, Tecan)&
ARE-Sted 490 nmof|l A S5kl o, thx tiH] HEER E
Aok B AEHAT PYAEFORLE TH A kojic
acid, Sigma-AldrichyE AM-5}IT}

2.6. B16F10 MEOJA{S - Bt2F =X

B16F10 A2£2] Wahd A4 A &= Hosoi 59 ¥
(Hosoi 5, 1985)& 475l 75T} A|EE 6-well plate
of 2x10° cells/well2 53131 24A17F vl &, tofel 5=
o] KBG 3282 T893 A2 wAste] 48417 H2/5}%
ot v $= & HjAE AASHL PBSE 23] AlAZE g,
1%(w/v) Triton X-1000] E3&% 100 mM sodium phosphate
buffer(pH 6.8) 100 uL= H7}sko] -80°CoA] 3057 52 A
Sleloich AE 85104 4°C, 13400 xgolH 3027 YA
o &, ASAL A AL pellet= 3]sttt Wepd Fd<
3l pelleto] 10% DMSOZ} 35 1 N NaOH &9 200 pL
£ 71K 65°ColA] 1412 Bk BN Balel Wehde
ulo] A 2EY|o|E T t}7|(Sunrise, Tecan)E AF&5F0] 405 nm
oM FHEES 2gaiglon], ekl ke 2T ol W
2 HFASIL PR e 2= F A XK Sigma-Aldrich)E
g3t

2.7. MMP-1 &3 ox| g2 5%

HDF-n A|ZZ 100 mm HjFHAlo] 1x10° cells/mL SE=
H55k0] 24A17F HHjFStITE UV-A AL A PBSE Al &5t
of HjZ] JEZ AAT T, FAT9 PBS &4 stoflA UV-A
YU (Bio-Rad)S ©|83to] 8 Jem’] Aoz FAFGIYL
UV RA} 215 to)et 5%9] KBG FE552 A9sto] 24417t
HiFeE &, v A5dS HST MMP-1 FEE2 95l

https://www.ekosfop.or.kr

ELISA ®'HS ARE51 . 96-well plate(Nunc)oll ¥ A5
ol 200 uLE £33 4°Co)|A] overnight coatingd} ittt S|
O]EE PBS-Tween 20(0.05%)°.Z 33] M| &3t & 3% bovine
serum albumin(BSA)/PBSZ 37°Cof|4] 2A]7t blocking STt
Mouse monoclonal anti-human MMP-1 antibody(BD Pharmingen,
San Diego, CA, USA)E 1:3,0000.2 3]4l5}o] 100 uL¥
7okl 37°Cof| A 2417t WS-AJF T} A& & anti-mouse 1gG-
alkaline phosphatase conjugate(BD Pharmingen)E 1:3,000°.
= 3]4sto] 100 pL F7Fskal 37°Co A 2A17F ¥HGAIZT 2
% A|A 3% p-nitrophenyl phosphate substrate tablets(Sigma-
Aldrich)E diethanolamine buffero] -g-3fgt 7]2-&H 100 uLE
d7rste] A2olA 1582 WAAR] B, | N HCl 50 uL&
8-S AA|A7]aL ufo] A2 EH|0|E 2|t 7|(Sunrise, Tecan)
E 405 nmoJA FFEE SH5IAH

2.8. PHEHOIAS E[ZAILIOL Aoff 2E FE

E|ZAIUoRA| 9] 213291 A5l 2L Yagi 59 W (Yagi
5, 1987)& $45t0] H7ls3 96-well plate(Nunc)of] 0.175
M sodium phosphate buffer(pH 6.8) 50 uL, 10 mM L-DOPA
7188 20 pL, PRt FE2 KBG 5= 10 uLE &AL
2 7151ty Mushroom E]|ZA|UOlA|(110 U/mL, Sigma-
Aldrich) 20 pLE #7}sto] 25°Co|A] 287 RS AIZ] &, A
H T3 E8 ulo]F32EYolE 2 7|(Sunrise, Tecan)Z 475
nmoj A 243514tk YN F O 2= T A AKSigma-Aldrich)
£ ARG ElZAIUOM] A sl&(%) The A o8 ARESH
Aot

Ahe(%) =
[1-XN& 379 3% / H229] F85)] x 100

2.9. YBfAE[OfY Aoff 2 FE

detAetobA] Aol €42 Cannell 52 ¥ (Cannell 5,
1988)S HFPslo] ZA519th. 96-well plate(Nunc)of| thofst
L9 KBG F&& 50 uLe} 50 mM Tris-HCI buffer(pH 8.6)
o &3l A FH detAElolA|(porcine pancreatic elastase,
PPE, 2.5 U/mL, Sigma-Aldrich) 50 pLE 23}5}0] 37°Co]|A]
1087 AUk A|ZA T 7|2 & N-succinyl-(Ala);-p-nitroanilide
(0.5 mg/mL, Sigma-Aldrich)& 50 mM Tris-HCI1 buffer(pH
8.6)l -g-3f5to] 100 uL F7FeE &, 37°ColA 2083t HHEAIR
. ekelobo] oo} /1422l $2E pnitoanilide] 43
e sfo|22EdolE. 2Jet|(Sunrise, Tecan)& AF31o]
410 nmoA S5, PR ZE FFE Kursolic
acid, Sigma-Aldrich)S ARE5It. dA=tAEOlA] A oE(%)
o the Aoz Ausia,
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Ao %) =
[l - (N2 3429 SHE - AR 229 FFE) /
A4 gx2o] FYE - FAULY FHE)] x 100

210, S/YEEN HoEs Hof #8 55

S|YFEAN Bolas A B WESIE SGFEAE
Aol gryor 245k 96-well plateo] 20 mM
sodium phosphate buffer(pH 7.0, 77 mM NaCl, 0.01% BSA
kol 8-ofist 3| LF2A B4 (5 U/mL, Sigma-Aldrich)
125 uLe} thofet %29] KBG #2ES H7Iet 3, Y
buffer® 2 Hu= 250 L& 2A5kATh 37°COIA 1087
ZHRSA)Z] %, 300 mM sodium phosphate buffer(pH 5.35)°]
83t 0.03%(w/v) 31LFE2A 71189 250 uLE FH7}sto]
3TCOIA 4527 WESAIZILE. S HAE: 9o #8125 L
o A LXul RM(24 mM sodium acetate, 79 mM acetic
acid, 0.1% BSA, pH 3.75) 625 uL= H7}stT AL2o]A] 105
2t A sk BAE S|YFEA-E T EA Y HeE vt
o3 =2 ZHo|E #t}7|(Sunrise, Tecan)Z 600 nmof|A =73}
Aot FoHERFC 2= EEoksAk(oleanolic acid, Sigma-
Aldrich) 50 pg/mL=s ARESHYITE S|YFEAF Eofjas A ¢
(%) T o2 AAlst

Ahe(%) =
(MR 7Y S 8% - 84 f249 &35%) /
(BABRY BYE - Bh 229 FFD) x 100

2.11. &4 A=/

BE AW 33 ol 5HA R otglon, e B
T+HEFH A (meantSD)ZE EA|S}A T 54 £4-2 GraphPad
Prism(version 9.0, GraphPad Software, San Diego, CA, USA)y&

0]8-5}9 one-way ANOVAES 3191, A %2 Dunnett’s
multiple comparison testS AR&5}o] ) Z7¥} ZF A2 79
Foe ASsAL. 5A4 o4 p<0.05, Tp<0.01,
p<0.001F :Er_/\] 39k,

3. 2up I U

3.1. KBG #=£9 ZEc[/H= 2/

£ A4 AHE KBG G 229 FEHE T2
5.24+0.8 mg GAE/g dry weightZ UERgt) o] 2+ g4 &=
SO 2 AzxH sS4k EA% W(3-10 mg GAE/g)9t YA
3}9] 2 1 (Choudhry 5, 2019; Ramadhania 5, 2023), o&t-2
%2(13.29 mg GAE/g)RtH= Wotol} o= & 2&0] gut
ARl EAZ wrggtth & Aol AMH KBG F2E52 2

1214

93] T&-AR TR AREoH, of

oA duE HAwAlo|E TEHG YA
At} Jin 5(2015)7 Sun 5(2011)2 53
3]9 AAAlo]E Rg3, Rg5, Rk19] =2 3F
Aale, 29 ANwAlo|E RblT} Rglo] 7 i—‘é—' SRy

Ol‘J
o2,
=
& o

ofN [0

ﬁod
i o

oo F1°

o KL rR

™

o
o
i)

olv ('-|l'4

nf
me o
i
il
R
oZ,

o
=

BHUstgh B 2250 138 3HF0.44% wiv)TH GE(1.7
°Brix), 12|31 EjHE TS SEL W, & Aol AgH
KBG ZZ‘“% #Z2HE Ho 07 AxEo] A St

e Sqbe] Atst 2 B R BT aike E2vs

9}6‘“4 3|9 AA| Ao E0] EabAQl Z-gof 7]Rlsh= A
o AtEEH, % HPLC Ei LC-MSE o] &3t AA3 A
AlAtelE 2ty A7t F7t2 $3E BRe7F Qleh

3.2 KBGZf B16F10 & HDF-n ME MZ==0) 0/x/=
g3t

KBGO 3§ B35 ais Brishy| 93t 244 528 4
5}a12t BI16F10 vh-A SAE A 2ot HDF-n fdzl X5 A
OFA| o] T3t MTT assayS 4HoFtHFig. 1). BI6F10 A
9] 7%, KBG 0.1-1 mg/mL 5% HA 80% ©]/<9] A
RHZLS 2519901, 0.8 mg/mLOA] 86.9+5.4%2] HZEE
< Vet 28y 527t 371 et Al gl THh
5lo] 10 mg/mLoJ AL 51.1+5.36%% UG THFig. 1A).

HDF-n A|Z0| 4= B16F10 Al Xt} KBGOl ot 74
o] &4 Yelth UVE XA ¢-& HDF-n A|Z9] %%,
0.8 mg/mLOJJA] 82.6+6.06%2] FE&S HF O}, 1 mg/mL
o AL 80.0+5.18%F 7+A5FH.0H, 10 mg/mLo| AL 32.8+
5.46%% 223 7+451AckFig 1B). UVE ZAZ HDFn
AZANE FARE 5 9E4 4 fdS Hof, KBGY A
I QL] gt Yol UV 2AR} FsHA 2 ko 9
EAAS gRIsIeithFig. 10). ol&gt ATHE HIF =, A&
=74 glo] KBG 259 A4S H71d & e s |
g Aot

B16F10 A|ZE o]-&3t datd A4 A 9 E|ZA VoA
g4 AoJAL 5-100 pg/mLE, HDF-n A|EZ 0|83k 34k
3} 2 MMP-1 94| /g_ﬁloﬂxih 0.1-100 pg/mLo] T2 AR
Sttt E3E in vitro B B4 B7OIA = A=A} Faol
A 1-100 mgmLe] {2 & HAE HLoto] 5k &4
A4 ZI+s FRletarAt skt

Hil l-’;l :lO )

3.3. KBG F==59 UV Rk LefE AEZ A0 L5t
o5 51

UV ZAl] O3k W £449] F8 9912 ROS A4 9%
AFBHE AEd Aotk B QoA HDF-n A|Zo] UV-AZ
2ABle] Hieoh RS FHEI, KBG $22 BTGNS
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Fig 1. Effects of Korean black ginseng extract on cell viability. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. (A), B16F10 mouse melanoma cells were treated with Korean black ginseng (KBG) extract
at various concentrations (0-10 mg/mL) for 24 h. (B), human dermal fibroblast-neonatal (HDF-n) cells were treated with KBG extract
at various concentrations (0-10 mg/mL) for 24 h without ultraviolet (UV) irradiation. (C), HDF-n cells were pre-treated with KBG
extract at various concentrations (0-10 mg/mL) for 24 h, followed by UV-A irradiation (8 J/cm?). Cell viability is expressed as
percentage of control (untreated cells). All values are meantSD (n=3).

B7Fstth(Fig. 2). WA UV-A £ARFO] w2 HDF-n 4|29
AELS SIS A, 8 Jem®oA 97.0£6.36%2] JE2&S
FAIsto] o] 271& A AMGSHITHFig. 2A). o] &2 2l
7+ 07 ARtz @ ZEANZE o] &35 Fiedt AFoA Al
I PEES FAIHA ARRHY AEYAE foles BEE &
Aoz dg] ARRE I QItK(Chaiprasongsuk &, 2016; Lohakul
5, 2021; Oh %, 2021). ©] ZANA UV-A 8 Jiem® FA} A]
SOD-FARZEAIO] HZ(100.0%) THH] 64.6+0.6%2 +9]5HA]
A5 THpP<0.001). KBG #&& AX @)= UVE QI8 SOD-
AR LS 5k &Y 0 E IEAIFT 0.1 pg/mLy}
0.5 pg/mLofA= oI5k Zol7} gilou, 1 ug/mLEH 68.4+
1.06%(p<0.05)& 3E5]7] AJZ510], 5 pg/mLoj|A] 70.5+1.35%
(p<0.01), 10 pg/mLoA 72.4£1.85%(p<0.01)Z FHAHo=Z

(0]

1

https://www.ekosfop.or.kr

Z7FolAet. £5] 50 pg/mLof|A] 89.5+1.75%(p<0.001), 100 pg/mL
oA 93.8+2.65%(p<0.001)2 AT B35 BIFE YEICH
PP RZOZ AR O)ATZHAK1,000 pg/mL)S 77.8+
2.3%92] SOD FARHdS HERTH ol= KBG F&2°] W2
sEoAE et At BAHS 7HE AAREK(Fig. 2B).
SODE MZ Y F8 FAiet a42AM IMiskE g0l
(superoxide anion, Ox*)& H,0,9} At EAIE H3A|7|= &
:nL__g} I:I]- iuﬂoh—,]- uv Z/\} 3 SOD ﬂ—/%]_,] :1-7:1 ly Z:
& AE Y IARRE ol é@% +EH i, ol= Jﬁx—i

ROSE AJ/dste] DNA &4, A haks), ozl 4}54*;-: e
St Altobelli 5, 2020; Yan 5, 2025). S4k9] HAkst gif=
o8 d+& B9l 4
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Fig. 2. Effects of Korean black ginseng extract (KBG) on UV-induced oxidative stress in HDF-n cells. (A), HDF-n cells were exposed
to various doses of UV-A irradiation (0-8 J/cm®) and cell viability was measured by MTT assay after 24 h. (B), superoxide dismutase
(SOD)-like activity was measured in HDF-n cells pre-treated with KBG extract (0-100 pg/mL) for 24 h, followed by UV-A irradiation
(8 Jem?). Ascorbic acid (1,000 pg/mL) was used as a positive control. All values are meantSD (n=3). Statistical significance was
determined by one-way analysis of variance (ANOVA) followed by Dunnett’s post-hoc test compared to UV-irradiated control (0

pg/ml). “p<0.05, “p<0.01, and “"p<0.001.

niger2 WA Z40] HHO.E FEH AlSHd] AEFARE
Bl QIZt ZHAA| E(HaCaT)E BIHOE HIolH, ol= T&
gHlE 9 St ol kg 5719 ¢4 DPPH 2tz 47
ol Yslo] e 223 ¥ akckRamadhania 5,
2023). Ahn 52 4t FEE0| H0,E F&d ARH AEY
Az A HANES BRHOT BHaI6, ROS AHS
el AT R4 WS A 2D Raelst
(Ahn 5, 2021). Yun 5-& 4} 3250] 940 SOD L4
UEeRHH, 2, 2-diphenyl-1-picrylhydrazyl(DPPH) 2 $=Alsle}
Oz 47 4L B4 2 Pus wAE IRt B
SFTH(Yun 5, 2010). Bak 5= Y& S4o] H,0,2 §E8
ARt AEHAZEE XS HS5tH, SOD ¥ 7Hgeto}
Al(catalase, CAT) BHL R9I5HA Z7H70 T ekt
(Bak 5, 2014). Choudhry 52 &4} F&50] 4514 AEF
AR QIRE 7M. £ 7Sk, o]z ket B4 AIAFY
ggstel WAHS o] vty ISt tHChoudhry 5,
2019). ozt A+ AHE2 & AFojA #EE SOD &4
S5} YHAFEII

Ak kst a3k B AAkeAlo|E E T U
o] Ut} Li 52 S0 73t XA leAte| & Rg57} AFSHH
AEF A, GF, AEAEAE JARMH BUSHITH(Li 5,
2016). Ge 5= SA4oA FE37F A Ao =7} FAtst 5
< PIAZIAL HEZEEoL 75S AR Halskgict
(Ge 5, 2024). 4 F&E9 FJAE a3}= Nrf2(nuclear
factor erythroid 2-related factor 2) A% AY FZE FAT
HEET Xu 52 SAloA 53 Zejardo] Keapl/Nirf2 7
2 gsfsto] At avE yehigal B ISt (Xu 5,

=

1216

2024). Nrf2+= A4S} W3- Q Av(antioxidant response element,
ARE)E &A5}olo] 3l AFSla A-1(heme oxygenase-1, HO-1),
NAD(P)H: F+= AR a4 1(NAD(P)H:quinone oxidoreductase
1, NQOI), SOD, CAT 59 3H4ite}l aa HdS fFEoks 9
4l FARIAoIH: Kim 52 549 @4 F&80] 17 24
W pitst A2 S S7HAIA AA ARE ST B
T3}THKim 5, 2022).

B AT0)4 B4 3280] Ui B 924 SOD 4
SE2 ARG AolA Earg 319 ZA Ao =2k Maillard B
3 AEo Bed 483 eol UL PsHol ok 54
50-100 pg/mL =4 Uehd S48t §3H= ofAFEHAL
Ho} 108] B2 FEoA T FES 4 B4 UEd
W= HolFH, o] B4F 50| UVE QR 451 AE
g0l it Be adg 7S AR

34. KBG £===29 UV 2% MMP-1 &3 x| &4f

UV A= 03 A|ZoA MMP-1 @& F245] S7HAA
FH £olig E-5t= F8 Fked} 71" F sfuo|tHOh 5,
2020b). & Lo A= HDF-n A X0 UV-A(8 J/em)ZE RA}
et & AIZF 3o mE MMP-1 IE WIS ERIskl, KBG
FE29 94 aHE HUIolGIthFig. 3). UV-A RAF &
MMP-1 AL AIZF QEH 07 F7Fsto] 18040 &
H] 2.95+0.158] Z7}5l9chFig. 3A). 3] 608-5E ZA3
S717F 2= 0](1.80+0.08H]) o] A= KBG 529 83}
37t AR oE AAsIGith KBG &5 AA g UVE f=d
MMP-1 HEE =& o0& AA5I90tt 5 pg/mLojA] 23
oz 998t 94 &I} JERFOH(1.65+0.054], p<0.05), 10

https://doi.org/10.11002/£sp.2025.32.6.1210
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Fig. 3. Effects of Korean black ginseng (KBG) extract on UV-induced matrix metalloproteinase-1 expression in HDF-n cells. (A), time-
course analysis of matrix metalloproteinase-1 (MMP-1) expression in HDF-n cells following UV-A irradiation (8 J/cm®). MMP-1 levels
were measured at various time points (0-180 min) after UV exposure. (B), effects of KBG extract (0-100 pg/mL) on MMP-1 expression
in UV-irradiated HDF-n cells. Cells were pre-treated with KBG extract for 24 h before UV-A irradiation (8 J/em®), and MMP-1 levels
were measured 60 min after UV exposure. Data are expressed as fold change relative to non-irradiated control and presented as mean+SD
(n=3). Statistical significance was determined by one-way ANOVA followed by Dunnett's post-hoc test compared to UV-irradiated control

(0 pg/mL). "p<0.05, “p<0.01, and *p<0.001.
ng/mLoA= B A A avE ETH(1.57+0.09H,
p<0.01). ZU]EAE 50 pg/mLT} 100 pg/mLojA= A g3}
7} tha Zashs AFS HeloU, ofds UV BE HeiZ
(1.80+0.084H)°] H]5fAl= W2 MMP-1 H&EE FASIST
(Fig. 3B).
MMP-12 35 Q939 39 3 Sael A1y 2 A3
9 SIS Solzlon gol $9H elEaR,
Z7he W% B Asteh 28 94 AdAel 9]
(Shin Z, 2021). UV-A ZA}oﬂ olst MMP-1 2 27} w]AY
22 ofg] A7 B9 HuEYch UV-AL AIE Y ROS 44
2 R}, ol MAPK Az g A20] S48k olojzl}
(Chaiprasongsuk 5, 2017). MAPK 72+ extracellular signal-
regulated kinase(ERK), c-Jun N-terminal kinase(JNK), p389]
A 7 28 AR T, UV-A 2AH: o]0 QSIS
FE=3HHOh 5, 2020a). /43HE MAPKE= AP-1 HARIAE
T30k c-Fos® c-Jung JAtskeict. QIARHE c-Fost c-Jun
2 heterodimerE g4Jsto] O 2 o]FskiL, MMP-1 R-AALS]
TE2 e JYof Ao 7N HALE ZZSHH Chaiprasongsuk
%, 2017; Silvers®} Bowden, 2002). HaCaT A|Z2} uf>-A 1
Z Ao A UV-A ZAl= ERK, INK, p389] Q1Ats} U c-Jun,
c-Fos4 QUGS G5, o= MMP-1 B Z710l ATE
TH(Chaiprasongsuk %, 2017). T§t HDF A|%E2} HaCaT A%
oA UV-A= MAPK QUIBLE &3 AP-12 B435HA]7]1L
MMP-1 $&d-& Z7HA]71THOh 5, 2020a; Xu 5, 2014). o]
o APYAT 2SS 1Y W, & AFolA TEE UV-A

https://www.ekosfop.or.kr

ZA} T MMP-19] A7} 9J=A % H= ROS-MAPK-AP-1 41
SAY A2 TWEo] YL Aoz =HHr) IS Western
blotZ 3t ERK, JNK, p389] © /‘1-9]— E4 9l AP-1 reporter
assays B0f o|3t AledY AR 2EE Ay T ¥
27} 9.

E AFoA TEE KBG 252 MMP-1 94 83l= &
A 9S4 et oy A9 AT Axer IXgT da
S A} (fermented black ginseng, FBG)2 Q17F AJ-G-0bA| I (HS68)
oA MMP-1 23S 18.41+4.95%0| A 27.41+3.96%= 74
Al7]12 COL I H&EE 117.61£1.51%09) 4 129.95+4.47%% Z
7H7)e AcE B IEckPham 5, 2017). T3 LF SAF
FZE(FBG extract, FBGE)S UV-BE XA QI7F 44 FA
AN|Zo| A protein kinase R(PKR)-MAPK ZAZE A5}
MMP-13} MMP-9 3&-& ZHAAIZITHKIm 5, 2024). °1& Z
T 54 2220 MMP-1 94 ZI7F MAPK Al5AY 7
2 233 399 7M5A4S AR

Ao T, SATS MMP o4 ke
© 299} Ao Ut A0 BTN TS WAL
M 22 A4S AR AzE, o] Xe HAH %8 7
AlwAfolE9] Rbl, Re, Rb27} Rg3, RgS, Rk1T}F 22 A=A
A Ao = 2 ABEkKim S, 2024; Pham £, 2017). 0]
H3t A2 AALAo|EX MAPK/AP-1 Al AY AZE 2
o= A0 HAH. A AR]= Re3, Rg5, Rkl 3

3 ERHES QzE A AEAIEO|A INK Ql4tEel AP-1
DNA 2% 42 oslol COX2 Wag LAAIPark

A Ao
HiAES. 9 ,j

=

ox

1217



Korean black ginseng protects UV-induced skin photoaging

5> 2007). IAHIAPO]= RgS+= LPSE A5 vlA okl A 2o
A MAPK(ERK, JNK, p38)2] Q14ts}e} sHolz} 7}t B(nuclear
factor kappa B, NF-xB) & AP-1 DNA 2% &4 A5}
P92 572 YehdithLee 5, 2013). TRAZE Ao g
St AFoA = ZAA] 29 MMP A 37} H i E Qi
M| Ao = Rg3+= UV-BE AR HaCaT A|3EOf| A MMP-1
T} MMP-9 T3-S IA5HH(Lim 5, 2014), Rg3(29.35 mg/g)
9} Rk1(35.16 mg/g)o] ZH3F 715 QlAMle UV-BE AN
2 AFHoA MMP-22F MMP-9 @S A5t IL-69}
cyclooxygenase-2(COX-2) 52 A4AA|Z1th(Son 5, 2023).
o213t MYPAT A== T, & Aol #EH KBG
2250 MMP-1 94 23}= ZAkA] =7 MAPK/AP-1
AoAG A2E 2% =N wi7ld Aog FHEH. ol
gt 71dS HYs] st YollAl= Western blotZ &8
MAPK(ERK, INK, p38) 1At} B4, c-Fos ¥ c-Jun &d H
A, 718|321 MMP-1 promoter activity assay 5-2] &< 17}
Bk
2 AolA 5T M2 KBG FE20] AEE(5-10 pg/mL)
14 2Z9] MMP-1 oA A¥E Hglom, IsEois &
s8] a7l 2asle Aok Bk Aol olzfdt S o
24 e AAEe] SoAA BT AEE 4 ot s
AL AT A2y 755 AR EAR|ojX L o|AFA Lk
kS AR, AT 220 7= fREY 130-160% HY)
olW, A1 A}=o] gk o ulx o EA/oksHY ol
ZEEH 508 o|gto]tk(Calabrese, 2020). SAF 2 QA &
o4 olefet BHAL RS ofe} A7 59l FelEllct &
o] 20 Aol =e Rese A2ITHE 5= WH(10° M
oA 107 MyoflA] oF 3007H2] Rt WS 2 -ste AIA|
o] guigt 25 5iE YehfA 54 S2(10° MyelA:
AP0 SHEE BY 84 47} 16707 ooz 3
Ao g Z7lol A|Ed 548 Lrellitk(Panossian 5, 2021).
O SIS 1S BETHA AL A8 4 2
H5o] 0|2 B4z Belo] Utk BeEL AFEolA 4
SHA| 2 ZEoHA T s Eo A e AFStEA A (pro-oxidant) 2 A
g % glos], ol 34 B9l W9, Al A, S
E43} 22 Tkt 2.10] 23] 2 ErkBacchetti 5, 2020),
AsToAe Aulgt AFet AEYAS [fiesto] Ao A
S W Ak} o] AIARLE S| AR, Aol A
£ RS BT A4S 53 IERELo} 715 Hole}
M ZAPE S 84He 4= Qlth(Bacchetti 5, 2020). & Lo A
BHE KBG 3589 5= 9 o4 WL ol &
A A d2jet PRt 2 A9 Al BEE dlo]E(Fig.
10)°9M %= I5%E KBG A2 Al Al JJEE0] 5k &2
2 ZH45kod(1 mg/mLof|A] 80.0+5.18%, 10 mg/mLof| A 32.8+
5.46%), IsZoA] MMP-1 A B3} ZA7F Al Z54d1

e

N

l

o7
I

Ri\
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o] & BAH R FHsY. neti] KBG FEE9)
A as A7) oAl SHAIA & 1Y WA H4
T Aol Fasith

AZFog E JIL KBG F&E0| UV-AZ 8&H

MMP-1 8 340 oAS SIS AP 2
FES MY o, ol2F Arks S FAE WA=

7} MAPK/AP-1 ASAS A2 E Aoz mj/lE 7154
o] 9lom, AEst FLolA HHY AIHE U= 5SS B
Qlct.

3.5. KBG ==£9/ 2t ¥4 x| 2 E[ZAILIofA
oHl =8

371t *ﬂst B4 4 97 B9
A8 A Bt E|ZALolA] A
4519 th(Fig. 49} 5). B16F10 A|Zo]lA] KBG FZ2E0 =1
o2 o EEAUoH 24 AAISIA 5 pg/mLoA=
frolgt aa7h yehgA] ekgton, 10 pg/mLojA] 5.9+1.7%2
AA&-E Ho|7] A&sHe(p<0.05), 50 pg/mLo|A] 25.0+1.8%
(p<0.01), 100 pg/mLOJA] 40.0+3.35%(p<0.001)Q] X of A
EME} FAR R Z2AH200 pM)2 29.5+1.2%9]
@.Zﬂ S Uit debd 3= 34 Aol fARE AR
o] ATt 10 pg/mLoJA = R thH] 96.1+1.8%2] H
2l kg Ho {oJ3t Aol7t gllo, 50 pg/mLojA]
82.9+1.1%(p<0.01), 100 pg/mLO|A] 66.6+4.75%(p<0.001)Z
Sk gEH o7 dapd A4do] AA = Uk(Fig. 4B). Y
2391 FZAK200 pM)L Hahd FHES 28.7+1.5%5 7HAA]
71 v 835 Ut FA|E A ARIOA KBG 559
E|ZAUoAle] digt AHARQl A BE g2l 2}, 1
mg/mLEE 100 mgmL7HA] % EX0E E|RA[LOHA|
e JAsAH. 53] 4 mg/mLEE FAZXCE [oJ5t 9
Al a3p7F B E 0 H(2.120.3%, p<0.05), A& 5= 5
7Hol wet AAA o7 ArS55to] 100 mg/mLoA] 20.3+2. 4%
(p<0.001)9] o A& UrE}L”EKFlg 5). FEH=
Z1AH10 uM) 23.24+2.2%9] AA &5 UERH. A2 %J_%Ur
FAE A A v wstd S0 R Zfol7t IEET A2
Wol A= 100 pg/mLoflA 40%2] EJZ2A| oA &4 A&t
33.4%9] depd A4 dass HA E'_PEE, FAIZ A AFIOA
= 100 mg/mLoj|A] 20.3%2] AA|E&S Yepilith. o] 23t 2}o]
= AlE Weje] A 24 Ao|, Almut Bibg, B AlE
A 9] FFY 7Hs/dol AU
EZA|UobAl= dzid el &

https://doi.org/10.11002/£sp.2025.32.6.1210
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Fig. 4. Effects of Korean black ginseng (KBG) extract on melanogenesis in B16F10 cells. (A), tyrosinase inhibition activity of KBG
extract (0-100 pg/mL) in B16F10 mouse melanoma cells. Cells were treated with KBG extract for 72 h and tyrosinase activity was
measured. (B), effects of KBG extract on melanin content in BI6F10 cells. Cells were treated with KBG extract (0-100 pg/mL) for
72 h and melanin content was determined. Kojic acid (200 M) was used as a positive control. Data are expressed as percentage of
control (untreated cells) and are mean+SD (n=3). Statistical significance was determined by one-way ANOVA followed by Dunnett’s
post-hoc test compared to control (0 pg/mL). "p<0.05, “*p<0.01, and “"p<0.001.
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Fig. 5. Cell-free tyrosinase inhibition activity of Korean black ginseng (KBG) extract. Direct inhibitory effect of KBG extract (0-100
mg/mL) on mushroom tyrosinase activity was evaluated using L-3,4-dihydroxyphenylalanine (L-DOPA) as substrate. Tyrosinase inhibition
percentage was calculated relative to control (no extract). Kojic acid (10 pM) was used as a positive control. All values are meantSD
(n=3). Statistical significance was determined by one-way ANOVA followed by Dunnett’s post-hoc test compared to control (0 mg/mL).
"p<0.05, "p<0.01, and ""p<0.001.

A B4R, DA F9ol F Y 2] o] &(CuA} CuB)yS 3 3 7oA 583 4L FHet. TRP-12 5,6-dihydroxyindole-
4-5= copper-containing oxidase©]th(Jeong 5, 2013; Lee 5, 2-carboxylic acid9] AtSlE Zujs}H, TRP2+ EiIES
2015). E]ZA|UolA= L-HENQ- L-DOPAZ, L-DOPAE & 5,6-dihydroxyindole-2-carboxylic acid® ZHEAZITH(Liu 5,
H7=0 2 A7) 9SS ujfaithJin £, 2014; Liu S, 2019).

2019). L-E|2412 F2 CuA F9o] 25k, L-DOPA= SAHY] HEAIUOH] A 42 F2 JAkARIE 4E
CuA®} CuB &L%o ZAglel= 7oz HEiFUth(Lee 5, T o] Qe Ao HuFEG FaSARS B16F10 A&
2015). E|ZAIHOMA] QAIAl= o] a4l B4 F9l9 = + oA 100 pg/mL FEOA ElZA oA} Wt B oA
2] o]y} ZdolE AL FAIAY, 71-3} ARyH oz A 5}, microphthalmia-associated transcription factor(MITF),

sto] a4 B/dS AdiRith(Kabadayr 5, 2024). EJ2A|LOH] E|ZA|UOA], TRP-19] mRNA H&@Z |FootA HaAZT
Q)o]%= tyrosinase-related protein(TRP)-12} TRP-2+= E2hd Al (Ramadhania 5, 2023). AAN|kAlO]E Rg59} Rkl SA4t9]
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9 3E ¥ JEo g SQIE oH(Jin 5, 2018), XA
ARO|E Rg3+= UV-BE ZAHHE QI7F ZHA g A 2ol Fehd
RS ABHTHLim 5, 2014). EF FA| Al = Rg3:
4 A7t 3] WA} BI6F10 A|lZoA 5= oJ&2 0
& dzid gL At oH, A2 bl EZA U] 84 2
MITF, E|ZA|UoA], TRP-19] UE-S AAAFTHLee 5, 2015).
Protopanaxatriol(PPT)< a-melanocyte-stimulating hormone
(a-MSH)2.2 &% B16 melanoma A|ELO|A] 5 O]&% 0
E AxE W Fid g FYoHA FaAF T (Lee 5,
2019). o]2[et AT A= 1T o, & Aol HEH
KBG F&&2 E2AIUo] A 9 dahd A4 oA 8t
+ Sl RE JA|ARR|E7E Hold ZhsAdo] Al

2 Aol THE KBG 589 did A4 oA 2
= Ot AAE F i A9 Bl we Wt ol &
8 (arbutin)¥} F&4H(kojic acid)> Uz E2| AEE]
= HEAYoH| AAA Z(Ho 5, 2023; Zhang 5, 2022), &
AT KBG F2EL o538 FARE 29 A4 ads U
ERllet. dehd B2 MITFO] &fsf 2 A== (Lee 5, 2019;
Lin 5, 2014), MITF= E]ZA|YotA|, TRP-1, TRP-29] ZA}
£ ZAsl= HA AHARCIAo|tt. MITF= cyclic adenosine
monophosphate(cAMP)/protein kinase A(PKA) ASHE AR
o 9J3] &Asl=H, cAMP response element-binding protein
(CREB)?] QIiHeHS &dfl MITF IS S7HA 71t (Jeong 5,
2013; Lin 5, 2014). b KBG 2%2] Wehd 44 o)
+ ole Aedg A2 28y} o] 9l AR F4H
t}. o]E AHZEZ3| YA Western blot2 £3F MITF 2
p-CREB £4, qPCRE &3+ MITF, EZA|Uo}A|, TRP-1,
TRP-2 mRNA @ 24 S¢] 27} 77} Bash

40 ¢

30 -
ok seiek

20 r

sk

Elastase inhibition (%)

£ Ao 5T ¥ KBG F2E0] A oA FA
X AA"HED B et E|ZAIUoH] A4 a3E YERte
Zolt}. o3t Zpoli= Almut F3h, AE W thA I, B
AlZ W AzAg F29] 28| 7|0 75/l ik
E AFofA KBG FZEL2 100 pg/mL7HA] B16F10 A E2
BEE] FF= HIAA GAL2H(Fig. 1), o= HHE 2A4=E
A9 PHAE AT

ZAEH0E, & A= KBG FEE°] HEAUOH &4
AAL} detd B4 AAE B oF e 539E YEdE
elstict. APAT S 1T o, o]t av: IS4
o TE KA kAte]E7L E|RALOHA] BA &4 9 Wi
G T ASHY AEE U0 EN yfE AeE =7
ot FERt 28 7149 12 Aoiie T AAE A=
of tigt =7H4% BA4 =29 A7t 8Eoh

FLs

3.6. KBG ==59 HfAEfOfN X E&

W3 e Aehe Wesjel 22 54 F i, Agad
A6-9] Balj7} 29 Yolo|thDesmiaty 5, 2022). AetAE}o}
AL T2 Anae] deARS Rejele 542, 184 57}
L W2 we Aelel 75 F4o] IPHow slojwn
(Papaemmanouil 5, 2022). & JFo|A= KBG 259 H
Al # detAEropAlof] digt oA avE B7FsHItH(Fig. 6).
KBG 3288 BE 92408 dekasiol] 24 oAl
9k 13 mmLe] ABEAL Relat o] Hnprt LEh}A)
QIgror. 4 mymL=E EAH 0= olgt ol st B
7] AAFSEATH3.340.5%, p<0.05). AAl&S & 7ol wet
HAAO T A25t0] 10 mg/mLOJA 27.4+1.2%(p<0.001), 100
mg/mLol|A] 32.8+1.5%(p<0.001)2] o} oA 8-S ehd.

u

seiok.

5

Skt sefok

sieiek

0 L= élfllfllj
5 6

3

(=]
—_

7 8 9

10

20 30 40 50 60 70 80 90 100 Uselicacid

200 pg/mL

Concentration of Korean black ginseng extract (mg/mL)

Fig. 6. Elastase inhibition activity of Korean black ginseng (KBG) extract. Inhibitory effect of KBG extract (0-100 mg/mL) on porcine
pancreatic elastase was evaluated using N-succinyl-Ala-Ala-Ala-p-nitroanilide as substrate. Ursolic acid (200 pg/mL) was used as a
positive control. Data are expressed as percentage of elastase inhibition and are mean+SD (n=3). Statistical significance was determined
by one-way ANOVA followed by Dunnett’s post-hoc test compared to control (0 mg/mL). "p<0.05, ~p<0.01, and “"p<0.001.
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SHEAE dEfAEor] A 842 10 mg/mLo|A F25
S7koto] 27.4%0] TGt &, 11 o9 skoA= ANt F
7Fe B3t o] 10 mg/mL 5=ofA ofu] At 72 A
gtAEoA] A7 GAEASE AARITE A dRToE
AREH 224 AKursolic acid, 200 pg/mL)< 23.0£1.4%2] <
A&S 2P, KBG 325 7 mg/mL9) JA4&(22.9%)7}
FARE SZol A,

Aefreie TR0l Bels B S B Blde,
EE3F g4 WHE(elastic recoil) E4& 7}tk Tohgasaki 5,
2021). AefAeol ofat BekiE HGE Bafste F
aaolth SAke] dkagiol] oA BHL ofF AT B
JIEQIE R AR UV-BE 2AR QI7F X] Ao
A dEtAEoRA] EA4S AISkL, MMP-13 MMP-9& 404
7]= BAloll COL I mRNA ¥&-Z F57HZ{tHRamadhania 5,
2023). Q4 Gl FEE2 A% o] wet dekiEobA] o
Xﬂ /o] S7tetg o, 4948 A ol 71 w2 84

£ YEFdHSong 5, 2019). AFF4(wild-cultivated ginseng)
70% OJEhS FZE-L 200 pg/mL SEo)A 86.74%2] detA
ElobA] oA FA4S HATHKim 5, 2018b).

MMP+ A|EQ]7] & (extracellular matrix, ECM) T2l
Bl BATOR, Fohdl, Aehid, WY 58 &
Stth(Pham 5, 2017; Son 5, 2023). MMP-12 COL I ¥
Adsta, MMP-28F MMP-92 o] ddtd dHES 5
7k Bfait UV ZARE TROJA MMP-1, 2, 3, -9, -13¢]
Wy BH]E S7FA 71tk (Hong 5, 2017; Hwang 5, 2014).
Saccharomyces cerevisiaeZ WAE SAF2 QI7F H-FotAx
ol HS689]4] MMP-1 &dE 18.41-27.41% ZAAHLH, 10
pg/mL S04 MMP-29F MMP-9 &S 247 45.15%S}
66.65%% TAANZTE ESF ¥tg SARS tissue inhibitor of
metalloproteinase(TIMP)-29] W& 154.55%71A] S7FAIF
tHPham S, 2017). TIMP:= MMPs9] 42 Ask= ol
A ZEQIAZE, TIMPEF MMPs9] #3 0] ECM9] 3] S-4]

of Za3lth

WAl Bate] 0 B4 4R, dofet Uy v
& 4% L, lAol= Rt vvaz 24
7P A A ERK, INK, p38 MAPKY] QIAHE}E of
16} tHLim £, 2014). 0|23t MAPK A£9] A= MMPs
W act dusol Utk B4 A2 U FEET WA
AolE P2 UV-BR ZAME Q7 A A-Sobd Eo]A
MMP-1 2H|E AaA711 A 2252 BAe S7H13
SH(Hwang 5, 2014). 112 7}¥ X 2|5 Sun ginseng 2l17F
213 oAl oA MMP-1-& ZH4A17] AL TIMP-1-& S7HA
A Zﬂlﬁé 2 YA £A59KSong 5, 2012).

2 A4 KBG FE5&52 H 14 £2 FE(mg/mL +F

oA defAEtobA] Al B/S UEROY, ol=

—

[o

11
S

.

=
]
=
=]

mlm
)[4

) r\l

“IZ‘EE
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(crude extract) FEHZ H7IE 7] 2oz TdFEch A o
ol WE FHE AT Tt 2 DA HEe
o B2 sroAe avE UERth Ha 32 AA Aol
Lo 325 WA A0 8ES =ol= AR IHA 3
tH(Lee 5, 2012). 92 ZAAM|=AO| =91 Rbl, Rb2, Rc7F Rg3,
F2, Rh2 Z+2 minor AA|Alo|E2 ASIE|HA] oFg] 40|
Z7FskH(Piao 5, 2020).

A2Hoz, 2 A7 KBG 2250] Aehariol] B4S
SE JEdow ofEe Jstat 49 A7 %L 1
2 o, o]23t Adte St FE A kAo BT dekA
ElolA] B4 B A AAlstal, MMPs TS 25k,
TIMP 98g S7H17)E 23} B2l Ao 23Ec. ol
S 71 8-S AZ5H] YdA= Western blot = qPCRS £35t
MMPs 2 TIMP 4l E&o] g3},

3.7. KBG ==&59/ 5/2ZE=L Foflgt YA &
S|YFEARS TR uEo] EAole F8 SYIAM| =
2]7H(glycosaminoglycan, GAG) 2.2, A £1]9] 1,0008]0] &
SR e RRT 4 e P A stRolck Vs
5, 2021). S|YFEA Holass S|YFEAY B-14-22F
/\]‘:(ﬁ 1,4-glycosidic bond) A3 7I5E5)5ta] | TFEA
2 AEA} 2o g Bifsl= g4 F, o] §49 rst &
e HE 4T g3 AHE 23k (Lee 5, 2020).
& AFollH= KBG 529 o|gFEA Bafjas oA axt
£ B7eklth(Fig. 7).
KBG %82 5% &0 3¢ 24 Bolas T4
OBt oL, Aekaslobd] oA Aol Hls) Aoz
3o 522 Bt 13 mgmLe] ABEoAE oA i}
FEA] A oH, 4 mg/mLEH FAZOE FORL A7}
AAE ATH2.1£0.56%, p<0.05). JAEE &= 710 wet
HARAZ 0 R A53lo] 10 mg/mLoA 6.7+0. 76%(p<0 01), 100
mg/mLo| A 20.3+1.8%(p<0.001)2] Xt} A&L vrepct.
FANETQ S oF=AH50 pg/mL)S 34.3i2.8%4 A&
= YEHT S|YFEAT Blas oA 42 10 mg/mL7HA|
H w3 et S71HE Holthrt, 11 o9 sEollA T %7—1?}
F7HE UEH: o= s koA KBG 259 &4 A&
o] S|UFEAF Hflaset o aupHog JoAEItE /\V\}
=g
YRS AT 2 B G
o] $83% A= 5tH, o]&L Edllote AAES
1}4E of7|3tth(Afandi®}t Sahudln 2022). 3|YEZ2AL E3f
AF S|YFEARS Eflolo] Ha, A4
52 TYHA F3HA| i(Correia 5, 2022). 53] A
S 4= JHM =5t (Desmiaty 5, 2022), °]= gt

w AEFAL HAREY BoEl, Sepiold|, dekiet

tlo

i

O u] AH 3171
A E R 34
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Fig. 7. Hyaluronidase inhibition activity of Korean black ginseng (KBG) extract. Inhibitory effect of KBG extract (0-100 mg/mL) on
bovine testicular hyaluronidase was evaluated using hyaluronic acid as substrate. Oleanolic acid (50 pg/mL) was used as a positive control.
Data are expressed as percentage of hyaluronidase inhibition and are mean+SD (n=3). Statistical significance was determined by one-way
ANOVA followed by Dunnett’s post-hoc test compared to control (0 mg/mL). “p<0.05, “p<0.01, and ““"p<0.001.

opA|et B2 240 B4S F7HAIXItKCorreia T, 2022). S}
Hio|te} Hlis SihES] o|dFEA Bolas oA 4L
ZF W 98] #Hl=7]9} ortho-dihydroxyphenolic 7]12] 42} B
o] o, SYFEAr Hoflah A S Fuls A ¢
FEHEIC|EY Jo HUHAE UEhHtHMohamed 5,
2020). KBGO 74 Hl= SietEdt STt eo|=7} ol gt H
AUES B0l S|LFEA BolaAE JAT Ao 8 S«

U4 Araliaceaed}o] &ot= EAER, o] Fof &=
02 A5k d¢FEL 2dlad A4 48 vehle A
o7 BUEQIty 7M. 4T (Eleutherococcus divaricatus) G
) FEE2 4 F4 S|YFEAL Eef i) tis) 9.06-37.70%
o] A &g Hlon, 55| 54 gy &9 Izt %
S| YFEAE B ade] oA 76-86%2] w2 JA S48
UEFRITH Gebalski 5, 2024). S04 “2- Q"o 2 E¢
= Lycopus lucidus F-2]% S|YFEA Bolgs JA E4S
Hth(Pandey 5, 2022). o|2|St A= Araliaceacd} A &5
o] FFHOE S|YFEA Holash A HES IRE 7He
e A, KBGE 94 BHE of2ig A2 e 543
A 4 Stk B3 A 342 HAES S|gFEA a
A A S-S S7MAE 4 Ut} Weissella cibariaZ S a%
HAES(4sparagus cochinchinensis) 2552 Waq AXTH A
g S|UFEA Eflaa A E4F UEith(Lee 5, 2017).

W% KBG 2289 4840l S|AREA Bohis o I
HE FEE 22O, W ) AAEAOlEE TR S8
Aol T2 HAUZOZE 7T 5= ). AA, 5| FFEA
&4 X mnolrt. Compound K= QU7F ZHEF A oA
S|AZ2AL PA A A(hyaluronic acid synthase, HAS)-13}
HAS-29 WS Z7hIA SUREA 4R Easn
(Kim %, 2018a). PPT= HaCaT ZFAEAA| 204 HAS-1,

ok rfe

e

d

2h
:Oé
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HAS-2, HAS-39] 1@ Z 15 J7HAFeH, ol A=
Src/PKB/NF-xB ¥ MAPK A% AZE E3) wj7j= A tH(Lee
5, 2020). A4 A FEBE UV-B 2AE RR o9A
1] 7oAl HAS-1, HAS-2, HAS-3 §-312 W& S7HA A 3]
YFEA AFS JEAFTHLI 5, 2021). =4, 37 FH 7]
s 7NAolth. XIAleAto]E Re= HaCaT ZHEYAJA| 3ol A
filaggrin(FLG)¥} transglutaminase-1(TGM-1)9] ¥Wd& &7}
AlA T G 715Z HAASHIEHOh &, 2016). PPT A
FLGSF TGM-1 88 2710700, ol M3 58 &4
AA5l= o) 7]odFth(Lee 5, 2021). A, 14 thdEo] 2]
WH9l v Bl Ginsang THT W FFRE SA
Azol WY 24 75 HEo g 3E 7HE & 9loH
(Kim 5, 2009), o] SIYSEA Be|as Ao =gl
HAYECE Hi $E FA 9 7194 4 Qieh

2802, KBG 228L FHE JUFRA Bofns
A /S eI HIS A5 A 2a A D/ A
Hog I oA A f AA|kAtolE= F|ERE
A B, AR g Sl AN, PR AYHY B
2% 5 O MAUES 6 wF E A ' iA
of A2 7]ofd & S Ao wad.

>

29

£ AFolAE KBG F2=9 bt 1 Jest S
THHor PrIelYth KBG &2 5 Ao HE
ALobA], detietobA], s|EFEAT 23 aas] E4e oA
stglom, 2t mad tigh oA E3ks AR tE FE B
ch. B 2o A 242 100 mg/mLoA 20.3%2] A
&S5 UEHeH, ole 35 Ala & o] 7] 4 Aok
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detaetolA] A E4L 100 mg/mLoflA 32.8%2] FE%=
JAIEZ HAo, 7 mgmLolA Fg dixael ¢2E4
(200 pg/mL)¥} FARE #22] A IS YEH ST
ZYtor] oA 2442 100 mg/mLoflA 20.3%% o=
92 oo, Wi 2 fA0] 7192 £ e T
Bt o]z a4 oA &4 KBGO TH-E thast A
B Es, 59 ve o9, St kolE, IAEARlE,
g 5ol 7IRlshes AoR €. 74 Jie2 a4 &
3 FoAee] 4o, 54 ol dEold, #24 Wt =
5 ot HAUESS B3 a4 AL Ak Ao wdt
ot 53] F58 A2 KBG F&20] 9 4#°] ofd &9
FEEEA, o8 24 RS AYA adE FE o
5 2o g yehd 4 ok Zolth. detad ] 29
AAIE S w7 &9 74, dehd A oAE B HF 1|
W a3 S|AREA 23 AAlE S R B, 22 it
AIE B P} oY 5ol HHHOR 2ot T
Ql s} AIE AT Fog J|gHct. A2 0%, KBG
FEE2 1 Lolof AHH F8 5459 TS atFo
2 A= AL FIHg 0w, 53] AefAEtobA oA &
gol 7V S5ttt ol#fdt A3ks KBG F&=°| 5 7
A, w5 =g 34, v, B 538 7 71 shE A
A=A M 7hsdE AARIT. FF KBG +&29] 84
AE B AL FH s A%, AR M 59 5% d7E
ol A8AR1 Pt FE Jde] 7 Aor wEE.
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