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Abstract We analyzed the antioxidant and anti-wrinkle activities
of berberine, isolated from dried rhizome of Coptis japonica
Makino, to determine its cosmetic potential. We performed the 3-
[4,5-dimethylthiazol]-2-yl]-2,5-diphenyl-tetrazoliumbromide (MTT)
assay to evaluate the toxicity of the berberine. We also measured
the ROS and hyaluronic acid production, and expression of MMP-
2, MMP-9, TIMP-1, TIMP-2, and tumor necrosis factor-alpha
(TNF-o) to evaluate the antioxidant and anti-wrinkle activities of
berberine, respectively. The cytotoxicity of ultraviolet light, in
presence of berberine, was measured by the MTT assay using
CCD-986sk fibroblasts, and no cytotoxicity was observed at
concentrations less than 25 pg/mL. We also found that berberine
decreased ROS production in a concentration-dependent manner
and promoted the synthesis of hyaluronic acid. Further, berberine
reduced the protein levels and mRNA expression of MMP-2 and
MMP-9, which are associated with wrinkle formation, and increased
the expression of TIMP-1 and TIMP-2. In addition, the inhibitory
effect of berberine on TNF-o, known as pro-inflammatory
cytokine, was inhibited by TNF-o. gene in a concentration-
dependent manner. These results suggest that berberine holds
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cosmetic value owing to its antioxidant activity, by inhibiting ROS
production and anti-wrinkle activity by reducing MMP-2 and
MMP-9 and increasing TIMP-1 and TIMP-2 expression.
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R=sE 2 g9l weh WAA =3k(intrinsic aging)e} £]¢1
2 3l(extrinsic aging)Z T 4= ATH WAIA sk ME
2] 714 (extracellular matrix)®] 2Fs}d] XEg2e] oJgh A
Z29] 4, telomere @5 2 apoptosis o2 3l IF-AZX
2 e hao] EAS doFlti(Meinhard 5, 2001; Jeong}
Kim 2006). 2]¢14 =3}e] 9l diylel] 9% vjF=sbr} +
Q3 Qo FTA, &5, 2EHL Fo Q9% ¥IHTH
(Farage 5, 2008). ¥ AojMe)] wEEw Sk, Fg, M
Az g YRS FMTE SAS VERH 9xFe] A
oM 324 superoxide anion, peroxide, singlet oxygen 52
x3ete A fFallgt &4 4FA(ROS, reaction oxygen
species)E A§AJsIAl ETHChung 2003). FtlskAl A4dE ROS
= A7HA 2 DNAWA, AlxEte] gi3E doA o, U
W5 2 S doym aRdet 2A3ER] collagentt
2] ¥2lo] == MMPs (matrix-metalloproteinase)S 57131
th(Yaare} Gilchrest 2007). MMPs + ©}(Zn) &4 A4
il FaEAR collagen®] E3l B Wl Hosie] mHx
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e dodle oM FLoF 9E FthKim 5, 2011;  AFeRE S vk A Byt ik
Hwang &, 2014). MMP+ gelatinase, collagenase, stromelysin

9 AR MMPFOE 7 EHu H Ao o 17k
oA 2671A]2] MMPs7} EA]gtial R E At Greenlee &,
2007). MMP &, MMP-1-> 54 SR 133 339 22k
< 1A=2 F3shH MMP-29F MMP-92 gelatinasew & 2 4|
MMP-10] 93] #alle el 2458 o A Ediste] 9
sl 83 4Lk (Moon 5, 2008). MMP-2= ¥4}
% 72kDa 2|2 T FRel Mmeld A waHEol
laminina} 714 9ke- A3l= type IV collagens E3lsl= &
A2 TS &, MMP-9 221 92 kDaS® 75 HSA
Ao ol FrEEH 7Y s Eellshe AoRE dEA
A THGirolamo 5, 1997; Wong %, 2002). 53] MMP-9&
tumor necrosis factor-alpha (TNF-ar), interleukin-69} 72 1
54 454 WA AFoE o] Frkske Aol 5ol
Aol 2 A collagen®] #3E Z31AZITH(Sanceau 5,
2002). MMPs2| #41S Z2Hs= odxzE dExl MMPse] %23
] A 1 A}(tissue inhibitors of MMPs, TIMPs)= 21-30 kDa<]
RS 7 TIMP-1, TIMP-2, TIMP-3, TIMP-4 5 4%°]
A Jom tpkst F39 M s W ECHIwata 5,
1996; Ries 2014). TIMPs= MMPS} H] 2522 AgS 3o
MMP] 7l5& oAlete Aoz dEA AL, TIMP-1<
MMP-9}, TIMP-2& MMP-2¢} 77+ Aftsle] A2 7+ 7149
e} PG 7ke] #¥E 2Hse 9T dth(Johnson F,
1994). o]¢} 3ol H HAES o83 s} sPdF A A
ol 9lejAl MMPs¢ TIMPs®] A& AZFske A7 A
&Aoo 2 XY=L Tt S (Coptis japonica Makinoy> H|Lh
ZloAH]ZH(Ranunculaceae)dll &3 ThaAl 2502 FoE
O 2= berberine 5.20-7.69%, coptisine, epiberberine, palmatine,
jateorrhizine, magnoflorine, worenine, ferulic acid 5°] 2™
olojoll = gg4e] wEIA2l Fe, Cu, Zn, Mn 50| Hi1¥o]
UTHAn 5, 2005; Zi-Min 5, 2017). 3| FHE A+=
olglg AEEC] /ME & B oMol ths &ds] ]
o] o FAEQl isoquinoline”] alkaloid$! berberineS &3
QAT+, T, AT, Felekt, SAHEsel o
8 7e A aFrT Aok B Foidtk(Yamahara 1976). &
Bl A AFe o 27 sl sl dFE g
™ (Choi®} Lee 2006; Chae &, 2009) o= 8&He| = &
s o199 T FINLI T, 2006) X AFEAE T2 &3
(Yoo 1996) 5°] YS=HAUTE o] A7lA berberine =2l
ek oFEhy g%o] 5] APHA o, FE HEE 4~
APRES 218 MMPseF 2 22212 TIMPs®| AzHdel ot
A5 vHEth & Aelrs FEola] Egh berberine
< ol&ste] kst 9 g5 el s ASskich

A Z Iy

HEAS

2 A AR 8-S 20164 A
FlHE BB Axd AEE 7Y
e ALgsdrt 28 B2 2 22

1 I F2A2590] 25mL B2 WAL A 33] S
% 3 t}2 filter paper (Whatman No. 2, Tokyo, Japan)S
AREElS] oJ7et & Ae FE5E 22598 Sephadex LH20 2
H FA=vEa R f8iiitt. Sl H,0-MeOHS 0-100%
7] FEE ERNo™ TLCE AAIS 49 #3(Frl, Fr2,
Fr3, Fr4) o2 WFATh Fr3o& FE MCl-gel CHP 20 (75-
150 pm, Mitsubishi Chemical, Tokyo, Japan)ollA] Middle
pressure liquid chromatography (MPLC) H,O-MeOH, 0-100%
S |83l Fr3-1, Fr3-2, Fr3-322 7H7} olth Fr3-32
MPLCE ©]&3ld H,0-MeOH, 20-100% Z7A YMC-gel
ODS-A-HG (50 um, YMC group, Kyoto, JapanyS 53l =%
2O berberine?] 3}FEQR0mgyS AU A ARSI

Berberine

yellow amorphous powder, 'H-NMR (600 MHz, CD;OD): §
9.74 (1H, s, H-8), 8.65 (1H, s, H-13), 8.09 (IH, d, J=
8.3 Hz, H-11), 798 (1H, d, J=8.4Hz, H-12), 7.62 (1H, s,
H-1), 6.94 (1H, s, H-4), 489 (H-6), 6.09 (2H, s, OCH,0),
418 (3H, s, 9-OCH;), 323 (2H, t, J=6.4Hz, H-5), 4.08
(3H, s, 10-OCH;), *C-NMR (150 MHz, CD;OD): 150.9 (C-

10), 150.8 (C-3), 1487 (C-2), 1452 (C-9), 1445 (C-8),
1384 (C-13a), 1339 (C-12a), 130.7 (C-4a), 1268 (C-11),
1233 (C-12), 122.1 (C-8a), 120.6 (C-13b), 1203 (C-13),

1082 (C-4), 1053 (C-1), 102.5 (OCH,0), 61.3 (C-9), 56.4
(C-10), 56.0 (C-6), 27.0 (C-5).

A F g 2 AESY 334

M B4 Ao AMEE AFoldlE CCD-986sk= American
Culture Collection (Manassas, VA, USA)IA T8t AME-3}
Avh AZ 4 =Y W Fe A% RARYLS 99
dulbecco’s modified eagle medium (DMEM), fetal bovine
serum (FBS), penicillin/streptomycin, 0.4% trypan blue stain
£ Gibco BRL Co. (Rockville, NE, USA)IA 43k,
3-[4,5-dimethylthiazol]-2-y1]-2,5-diphenyl-tetrazoliumbromide
(MTT)= Sigma Chemical Co. (St. Louis, MO, USA)ol|lA]
A3ttt MMP-2, MMP-9, TNF-o,, TIMP-1, TIMP-2, GAPDH
9] primary antibody®} secondary antibody= Santa Cruz
(Santa Cruz, CA, USAYPIA TSi3loith. 2 A3 o] g-gt 7t
M E2] BiYS 10% FBSS} 1% penicillin/streptomycin (100 U/
mL)S #7Ist DMEM MR & ARE8em, 37°C, 5% CO,
incubatorl] 2-3-A17 ATl wiFsiaiTt.

MTT assayoll 93t Al 54 33

CCD-986skAl £2 96 well plated]l 5x10° cells/wello] %7
0.18 mL ¥53}3., berberineS 27+ 625, 12.5, 25, 50, 100
ug/mLe] F=2 A 0.02mL 718 3 37°C, 5% CO,
incubatoro Al 24417F wkslSith. &171o Smg/mL FE=Z Al
23 MTT €4 0.02mLE #H7Iste] 4A17F wjeFet & uljodd
< AABIE Z} welld DMSO 0.15 mLE 713fe] 22004 15
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7k ¥k8- AIZ1 F ELISA reader® 540 nmolld S3=5 =4
Aok A2 54 542 58N Hrkeel 7479
s

T s E YERiITH

ol HE
Eloll

ol

ROS (Reaction Oxygen Species) A% =3

CCD-986sk M*EZE 8l3 3 96 well plateol] 2x10° cell/well
2 AL 2427 Hgslsidint. wd viAE wAlgE F 20
ml/cm??] UVBZ A= 3 H, berberineS 5, 10, 25 ug/mLe]
FTER At AMEgk & 48A17F wigEith 1 & A=A
o] uj5<L(Thermo Fisher Scientific, Waltham, MA, USA)°|
w2} ROS Glo H,0, assay2 <=3 35}33t}.

HA (Hyaluronic acid) 343%F &3

A Ea g o] HA AA32 ELISA kit (Echelon, Salt Lake
City, UT, USA)E ©°|-&3te] SH3ttt. CCD-986sk Al E=
DMEM HjA| S o]-&3}o] 5x10* cellsymLE ZH3F 3 48 well
platedl]l HE3}3, 5% CO, incubatoroll X 24A]17F vkttt
Ao 20 mJ/em?e] UVBE A8 H 5, 10, 25 ug/mLe]
berberineS #|2|3lo] 48A17F wikBIITE. HiSke] B & S
Ag FHsld HAS =433t

Western Blot& ©]-8-3 Thjde] Wy 53
CCD-986sk AIEZE 1x10° cell/wellsZ 6 well plated]] EF3}]
24X 7F wjFEk Foll 20 ml/em??] UVBE A= 3+ ¥ berberine
S FEH(S, 10, 25 pug/mL)E A ste] 48A17F vl SISt Al
LE RIPA buffer (Pierce, IL, USA)E 8341712 AAalRe]s)
(12,000 rpm, 4°C, 30 min) ME= HEES AAsS 45
S A%t} Bradford assay® TlAS A7 om, 20 uL
S-S 10%2] sodium dodecyl sulfate polyacrylamide
gel electrophoresisE ©]83te] 7] F&t &, A9 H[50]
2 Age JAAFZ17] Y81 PVDF membraned| %71 T 60
VollA 2217k o]d transferdAT). 5% skim milk7} -2 tris
%Z gAoz |A7F blocking 3 ¥, MMP-2, MMP-9, TNF-
o, TIMP-1, TIMP-2, B-actin Z}Z}e] 12} & 22} A9} Qb3
A1#H . HEE- ¥ Immobilon Western Chemiluminescent HRP
substrate (Millipore, MA, USA)E o] &3} 6087 ®E3AZ]
& LAS 4000 #217](Fuji Film Life Science, Tokyo, Japan)
< o]&ste] @it

1o 12 & K

AR & B48 9% RNA £8 2 RT-PCR

Berberine®] MMP-2, MMP-9, TNF-o, TIMP-1, TIMP-2,
GAPDHRAA W&o wx= F3S #F3lr] sl CCD-
986sk A EZ 6 wellol 1x10° cells/welldl] == EF313 48

AlZF ot wikEtiTh MiXE A% ¥ 20 ml/em?*?] UVBE
A= @ H, berberineS FEE(5, 10, 25) ug/mLE X5k
48717 Hjeksldtt. 2 ¥ total RNAE PBSE 3¥ A& sl
MEE FE3 T, trizol reagent (Invitrogen, Carlsbad, CA,
USA)S o]&3lo] Ea]sl9th. Total RNA 2 gt PCR primer
oligonucleotideS RT-PCR mixer2} &3}5}32 RT-PCRS 2|33}
St} Lysis bufferE ©]8-3l] CCD-986sk MZE 83llA7]L,
4°C 12,000 rpmellA 207F 94 ]38kt MMP-2, MMP-
9, TNF-a,, TIMP-1, TIMP-2, GAPDH®] 97| &-2 Table I
I 7t} RTY AL 42°CoA 1A)7F HEX]Ele] cDNAZ A
Z3}al 94°Col|lA 5i7F RSt reverse transcriptases =&
A3} AT} o]F 9] PCR 27L& 9494 30%(denaturation),
50 °CollA] 30%(annealing), 72 °ColA4] 90 (extension)e] HH3-2
308] WEEShs RS 7|EO R target cDNA FFol w=} 24
o 2o m ZHEATE SEZH cDNAE 1.2% agarose gel&
AFE3 H7)|95o 2 F2SIL LAS 4000 image analyzer® =
gt

BAAE

Az SAAE = SPSS 10.02 AME3IeH, Fojat A5 &
AHEAI(ANOVA: analysis of variance) 22132 o] 83} t-
tests o83l BAIX FFE p<0.05, 0.019014 HZ3IA

A3 9 g

Ax=A H7t

Berberine®] MEZA oJR2 sIsl7] Yall(6.25, 12.5, 25, 50,
100) pg/mLe] F=5 Ao gt A3}, 25 ug/mL ©lsk]
FEoA AEAEEC] 90% olFe®E UERt CCD-986skAl
of =40l fle AR AFEEH] 25 pg/mLelste] s AF
< XY rh(Fig. 1).

ROS A4 A&}
G FROSYS 3L oUA] BEAMA, F5Rke 9 45 &
2Nk 7 S AX Mxet 2F A AE =, A
Wella #eo] Aubatsl, DNASA 2 thild Wi 59 27
= Aoz 2eA SUthShindos, 1993). e oFo] k)0
EEEY DR B2 TR AT e] A FRA
Z YelMe dsdg A 42 nA sisEa duE
AARIZES 243 AlZItk(Pentlands, 1995; Parks, 2010).
CCD-986sk Al3ze] thek UVB ZAll w2 ROS AA S
g3k A3}, UVBE 20 ml/em™®] &S 2ARE 258 tix

Ly

Table 1 The sequences of the primers of MMP-2, MMP-9, TNF-a, TIMP-1, TIMP-2 and GAPDH

Gene Sense Antisense
MMP-2 GCATGGCTCGCCTACAGACT GCAGGGAGGGAGGCAGAGGA
MMP-9 ATGGCCCCACTGAAGATGCT TGAACACCAACGGTGGAGGT
TNF-a AAGCTTCATGGTGATGCGAC TCAAGCAGAAGAGGAAGGCA
TIMP-1 ACCTAGCGGACCCGAAATAA TGGAACAGCAGGAAAAGCAC
TIMP-2 CACTGGGGTTGGGAGGTAGT GCTCTCATGATGCTACCCGA
GAPDH CCACCCAGTACAGCGTCAAC CATGGTGCTTCTGTCGCTCT
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Fig. 1 Cell viability of berberine on CCD-986sk human fibroblast cells
by MTT assay. The cells were treated various concentrations of sample.
The results were expressed as the average of triplicate. *p <0.05,

**p <0.01 compared with control
| *
- I *%
.l
+ + +
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Fig. 2 Effect of berberine in the expression of ROS in the UVB-induced
CCD-986sk human fibroblast cells. Cells were treated for 48 h with
berberine (5, 10, 25 pug/mL) during UVB (20 mJ/cm?) activation. The
results were expressed as the average of triplicate. *p <0.05, **p <0.01
compared with control

o] W3] ROS BA7e] ok 24 F7F =tk UVB 2AF §
berberineS F=R (5, 10, 25) pg/mL 2 A3t +& FEoE
Zog ROS AAZo] HaENer 53] 25 pgml FECA
= 40% ol =2 TAE BESt(Fig 2).

HA (Hyaluronic acid) A% &3
Hyaluronic acid (HAYE A 282 222 37 319F
I A2 SolA F=2 dhEY, IR FEFEE AAA
713 Sl B def"s A IR 9y 1x2E fAEe
Al @ hothKimE, 2007). HAE F2 ZHa3AdAE 2
d-fobAl 2] hyaluronic acid synthaseo] ]3] =] Al
71dol| A= UVB B Akt Z2Ed 2o 9§ HAS]
A3he x99 95, 7534, 9% 7 EF 4, 994 A3
5 YREsE dovls oz d#A UtkDibe 5, 2001;
Songs, 2013).

Berberine®] I % 2 ehEAdo] JTS u|X=A] Yot
7] 98le] CCD-986sk A Eo| UVBRAF ¥ FEH(5, 10,
25) pg/mL A|EE A8k Hyaluronic acid A4 &35 =4

o

UVB 20 mJ/cm? =

Berberine (ug/mL) - - 5 10 25

Fig. 3 Effect of berberine in the expression of hyaluronic acid in the
UVB-induced CCD-986sk human fibroblast cells. Cells were treated for
48h with berberine (5, 10, 25pg/mL) during UVB (20 mJ/cm?)
activation. The results were expressed as the average of triplicate.
*p <0.05, **p <0.01 compared with control

ol

1tk 2 A3} berberineS *2|8159S W hyaluronic acid %
fro|dog FEoEd S/ YERISH ol berberine
7 BEE JhA B R est Ao a3t e AoE
Fel= Y th(Fig. 3).

flo

o]

MMP-2, MMP-9¢] protein 4 ¥ mRNA @3 &3 23}
st @ 5= AX 9 71EE E8lishs MMP-1, -2, -9%}
722 MMPse] #d FUHR IREARTH FFo| I
Berberine®] AJ-frolAlZ W] UVB Aol 28] wdo] Z7iEe
MMP-2, 99 nX& J&FS Lolr7] $3}e] western blot
analysisS A133I0th 2 A3} oMl #2]E berberine
9] Fxrt TV E AP sA @2 ool Bl MMP-2, -99]
protein level W&ol JA =] o™, MMP-2= (10, 25) pg/mL,
MMP-9 25 pg/mL F=oA Fo4d Al iske A E)1
Bl TH(Fig. 4A). B3 berberine®] *]2]o] W2 mRNA 23S
#Z3TART-PCRE 33 A3}, house keeping gene <l
GAPDH &g 7|Eo2 Fx| ¢ A3z &7t Holglol et
MMP-2, -99] &&o] ZrAEUIL 25 ug/mL FEAA o8-S
FRIBIATHFig. 4B). ©]9} 7o berberine> MMPse| &3S
Ao zH wslo] mE FEALE AT F Ue SEE
A RS TS ARSI Sl

TIMP-1, -2 protein $ ¥ mRNA €& &3 A3}
TN SE Ale FF =3 WHs] S8 K9]
FHES AAske FERY BElE QAlske aAlE 2 A
o] el ool wet 55 AAle] MMPset TIMPse] whal
A 3 2 mRNA DAl 28S elske Flo] Fasi).
TIMPs (21-30 kDay= 2] WjollA] MMPs 845 2H3k= 5
a3k WARIAR deA Jdow =3h7b eEHE MMPs Ual
<& 37¥E]AL TIMPse] Udle Zoj5o] FFeEe 7han7|a
AFFES A8AN7E AeRE A AthUzui 5, 2002;
Lambert 5, 2004).

Berberine®| “d-frobA|lZolx o] TIMP-1, 29| &4& #Zs}
A CCD-986sk Aol UVBZAL & H=H(5, 10, 25) ug/



J Appl Biol Chem (2018) 61(1), 9-15
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Fig. 4 Expressions of MMP-2 and MMP-9 evaluated by protein level (A) and mRNA level (B) in CCD-986sk fibroblasts after berberine treatment.
CCD-986sk cells (1x10°) were grown and exposed to UVB for 1 min; the cells were then subject to 5, 10 and 20 ug/mL of berberine treatment. The
protein and mRNA levels were normalized using Image Quant software
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Fig. 5 Expressions of TIMP-1 and TIMP-2 evaluated by protein level (A) and mRNA level (B) in CCD-986sk fibroblasts after berberine treatment.
CCD-986sk cells (1x10°) were grown and exposed to UVB for 1 min; the cells were then subject to 5, 10 and 20 ug/mL of berberine treatment. The
protein and mRNA levels were normalized using Image Quant software
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Fig. 6 Expressions of TNF-a evaluated by protein level (A) and mRNA level (B) in CCD-986sk fibroblasts after berberine treatment. CCD-986sk cells
(1x10°) were grown and exposed to UVB for 1 min; the cells were then subject to 5, 10, and 20 pg/mL of berberine treatment. The protein and mRNA

levels were normalized using Image Quant software

mL AIEE A A5t 48A17F HF & TulAS western blot
analysis2 Al&3I9THFig. 5A). 2 A3 UVBTIAl TIMP-I,
2 WS HAF] AAA|F S, berberined] & FEoEHO
2 TIMP-1, -2 @928 288 F7HAZTh RT-PCR ZZoA =
TIMP-1, 2] mRNA &3 &o] FEoEH o2 IiEe= AS
RIS tHFig. 5B). TIMPse| ¥ AJESHH 2-g-o] MMPsE
AAsle= Aol® = F TIMP-12 MMP-9S, TIMP-2&=
MMP-29l Zz} tigele] T 7]A52] 71ARs|2-8-S oA
Sths 237 JtK(Terada 5, 1996; Gong 5, 2000). & 4
3 Aol ket berberined] 2] A 2 mRNALEH A
MMP-2¢} MMP-92 74319052, TIMP-13 TIMP-2+= 37Fg
S R berberine®] CCD-986sk AlXEU]ol|A] TIMP-1, -2 &&
< zFsl] MMP-2, 98 7Aooz Sk BalE oA
she Ao® FHHTH

Inflammatory cytokine TNF-o 23 &34 ZAz}
MMPs9] &2 UVB, hormones, growth factors, cytokinesl|
ola) =d=r] 58] UVBl °3k MMPsEd S71= Al
oefel Asdegs B3l E4ds8tEo] inflammatory  cytokine S
WHAIA ROSE AAAIZItHHwang &, 2012). TNF-o+= 74
g pro-inflammatory cytokine®. 24 FZuH-g-o] wjyfA = &
3, MMPs¢} TIMPs®] Aol #odste] =8l do7le A
o2 d#A UrhkSeo T, 2004).

Berberine®]inflammatory cytokine®] @&l F3FS FE=X
oli7] &l AdfolHEo| UVBE A 5 berberineS
(5, 10, 25) pg/mL= Mg A3} UVBFIIXE TNF-
AsA Z7FE9.2™ berberineS 2]k o4& TNF-

o

1= o nE S

7} 3

& &
-

2 2 mRNA o] Rol5-S SIskirkFig. 6).

TNF-o= A-gotEE 233t 2o zZ oA MMP-9 23
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