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Antioxidant and Protective Effects of Palmul-tang
on Ultraviolet B (UVB)-induced Damage in Human Keratinocytes
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Abstract

Objective : In this paper, we investigated the anti—oxidative capacities and protective effects of water extract
of palmul—tang (PMT) against Ultraviolet B(UVB)—induced oxidative damage in human keratinocytes(HaCaT).
Method : To evaluate the anti—oxidative activities of PMT, we measured scavenging activities on 1,1—diphenyl—
9—picrylhydrazyl(DPPH) radical, hydroxyl radical, hydrogen peroxide, superoxide anion, lipid peroxidation
and reducing power of PMT. To give an oxidative stress to HaCaT cells, UVB was irradiated with 40 mdJ/cn
to HaCaT cells, To detect the protective effects of PMT against UVB, we measured cell viability, apoptotic
bodies and reactive oxygen species(ROS) generation,

Results : PMT showed the anti—oxidative activities by scavenging DPPH radical, hydroxyl radical, hydrogen
peroxide, superoxide anion, lipid peroxidation, Also PMT showed high reducing values, The UVB—induced
oxidative conditions led to the cell apoptosis. However, treatment with PMT reduced oxidative stress
conditions, including inhibition of cell apoptosis and expression of ROS,

Conclusion : PMT had anti—oxidative activities and exhibited protective effects against UVB on HaCaT cells,
PMT would be useful for the development of cosmetics treating UVB—induced skin aging,

Key words : Palmul—tang (PMT), Ultraviolet B(UVB), Human keratinocytes(HaCaT), Anti—oxidative
activity, Apoptosis, Reactive oxygen species(ROS)
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(Table 1) Prescription of Palmul—tangzo)

Herb Name Latin Name Weight(g)
A& Ginseng Radix Alba 10
Hft Atractylodis Rhizoma Alba 10
B Poria Sclerotium 10
HEE Glycyrrhizae Radix et Rhizoma 10
Fhthag Rehmanniae Radix Preparata 10
H7A5E Paeoniae Radix Alba 10
EEE Angelicae Gigantis Radix 10
NI Cnidii Rhizoma 10
Tatal 80
rescein diacetate(DCFH—DA)-= Thermo Fisher 2. ghH
Scientific Inc. (USA)Z%E, 1,1-diphenyl—2—picryl—
hydrazyl(DPPH), iron(II) sulfate heptahydrate, 1) EELO| StAls} & =X Al

hydrogen peroxide, 2—deoxy—D—ribose, thiobar—
bituric acid(TBA), trichloroacetic acid(TCA), 2,
2'—azino—bis (3—ethylbenzothiazoline—6—sulphonic
acid) (ABTS), peroxidase, potassium ferricyanide,
linolenic acid ¥ 7]€} A]2F2 Sigma Chemical Co.,

(USA)ZFH Fdst3ich.
3) Mz W M|EHHRE

H Ao ARE HaCaT Al*EF= Cell Line Service
(Germany)ollAl Z¢F Wgton, =35 wigstr] 9
3to] A= Dulbecco’s modified Eagle’s medium
(DMEM), Fetal Bovine Serum(FBS), Penicillin/
Streptomycin, Trypsin—EDTA 18|11
Phosphate—Buffered Saline(DPBS)+= Life Tech—
nologies(USA) 2R E] 13}t HaCaT AZFE
uijoFst7] €15ke] 10% FBSQ}F 100 unit/m¢ Penicillin/
Streptomycin®] 23HH DMEM iX|E ARgslict,
54% HaCaT A|225=5 DMEM HjX|& o]-85}o]
274 siEA17]aL 1000 rpmeflA 527t Yl sto]
A2e] 4 HENS AA skt ATl 10 mee
DMEM HiR|E A7F5lod 100 mm culture dishol] A
FotaL 37T, 5% CO7F skl 2xlollA viesksl

Dulbecco’s

oh. HiX= 5 39 ﬂiﬂé}oﬂ ©m culture dish Bl
9] 70% ]” Asre o AhefFstleh, Al
Al Al2E 2] HOFOZ] 0.25% trypsin—EDTAS
/\}%‘5})«5}.

(1) DPPH =tz #4919

Brand-Williams 52| A@WH"& Wgdste] 1,1~
diphenyl—2—picrylhydrazyl(DPPH) @}cjzto] st
=99 AASES S45%n 25, 50, 100, 200
ug/m FEO] TEY B4FEE 500 wE 1.5 ml tube
o] ¥i 0.3 mM DPPH &5 500 w 7}sto] 10
Bt A ST vk, A2oflA] 204 FF WESAIX] &
microplate reader(Molecular Devices, USA)E ©
gsto] 525 mollA =S S745H3ict. DPPH 2t
2 AFE (T enernr ~ 8500 / T8 nry
A X1009] FA o2 ALkl A dxdeze 1
ug/ml vitamin C& ARESFITH

(2) 3l=24 gt)Zhydroxyl radical, - OH) 44

Chung 59| AFYH? L Wslo] s|==4 i
Zol itk TEEY S S5 50 w e
10 mM FeSO,2F 50 w®] 10 mM H,O.& ©]&3t
Fenton H}_Q_o =4 3]:§/\1 g}r,] ;4& HL}%J A] zﬂ&q_ uug
= oS 25 w02 10 mM EDTA, 25 w2] 10 mM
2—deoxyribose, 150 2] 0.1 M phosphate buffer
(pH 7.4)9] &4 3lolA 25, 50, 100, 200 ug/ml &
=o] IET Oﬂ)\zznlﬂl QESAIZ] ohE 37°CollA 4
ks SAIFTE 9719 250 wee] 2.8% TCA
| g w®] 1% TBA &4 247}6P Fof 100T
= 7t I % ARoA ARl s 1000 % gell
A 5 &8 Yalie] kit It e
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plate reader(Molecular Devices, USA)E ©|-83}o]
532 molA FBEE 4 siglon Akl S
[(’g‘"%]_ ABRHL T ’gjél_iaﬂ) / ’?\?’6]—5/\]&%@7}]X10094
Ao 2 ALtelnt, 4 RS2 10 ug/me
vitamin ES AMESFICH

(8) TAtSlra(hydrogen peroxide, HoOs) H-41HH

Choi 52| AgHi®e HFsto] pakslaof o
et BEFO A4S S5 25, 50, 100, 200
ug/ml E=0 TEY ErFEE 74 80 wE 20 w
10 mM ZHaFskRas 9100 we] 0.01 M QI4AHEE-8-H
(pH 5.0)%} 37TCollA 58 FF ¥RSAIHLE 1 %, 15
w09 1,25 mM ABTS 2 30 w9 peroxidase® 37C
oA 105 <t BR2-A)A microplate reader(Molecular
Devices, USA)S o]&3sto] 405 molA TS =
ot o kst e (T8 Eanas - 385,
2) | FEEgmman] X1008] FA o2 ALXSHct &F
A 2o 2= 200 ug/ml vitamin CE ARESFATH

(4) $H2AlolE 2o|&(superoxide radical, Oz )
A

Liu 59| Ag?e] wal $uf2Alo]= Zo] Lo
e ZEge] aAggE s 25, 50, 100,
200 ug/m¢ %2 A& 7+ 20 well 62 uM nitro blue
tetrazolium(NBT)2} 98 pM B—nicotinamide adenine
dinucleotide(NADH)E 333t 20 mM Tris &M (pH
8.0) 800 wE ST v, 20 mM Tris 84 80 ul
2} 33 uM phenazine methosulfate(PMS) 100 wE
7}z A7)skelet, H|aad PMS / NADH= 8%
FHEAR|E ol 2o o8| A=MO] formazan O =
3¥E NBTE =A43}7] 98l microplate reader
(Molecular Devices, USA)E ©|-8&3}o] 560 mmol|A]
102 5% ¥E9] S 3=E S50 AR
SAIE Fol2 AT (T8 Eyenyy — F8E,
2) | FEEgmnan] X1008] FA o2 ALXlSHct &F
4 20 2= 10 mU superoxide dismutase(SOD)

& Apgsts

(5) X &ASKlipid peroxidation) E-41H
Shlafer 50| AHPH»S WFslo] A QuAilslo]
gt ZEFe] st avkE Sskoict, 25, 50, 100,

200 ug/ml F&=9] TER 4355 2 wE linolenic
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acid emulsion 98 w9} &£3st Fof 0.8 mM H,0,
50 w®} 0.8 mM FeSO, 50 wE st s|==4
gz WAL §AT} BAIRE Bt WS ¥ 0.4%
2—thiobarbituric acid(TBA)Z 200 w! A7}5}al 95T
of| A 2A17F HEGAIX] The A2ofl4] 1047 B2t BEEA]
Atk 1 thE 15 ¢ 1 H]&9 n—-butanol : pyridine
| 500 w F7FsEAL 1000 x gollA] 102 &<t 4
gt & ASHS F3}o] microplate reader(Mo—
lecular Devices, USA)E ©]-83}0] 532 mol|A] SF

= S5 AR A [(F 8 genar) —
TR [ T Egmnan] X1008] FAlO & ALkee]
o} oA tixto 2= 10 ug/ml vitamin EE AR5}
At

(6) 3Hdgy B4

Oyaizu®] WH¥o| ulz} TEeto] gz e =
k. 25, 50, 100, 200 ug/ml =] TEH o
2% 1 m0of pH 6.62] 200 mM 4F S5l = 1%9]
potassium ferricyanideE ZF 1 m¢¥ === 715k
WHIRE & 50T 9] 4304 204 Bt RSAIFT
o7]e] 10% TCA EHE 1 m¢ 7Fske] 13500 x gofl A
158 F2F AEeshal e 1 meoll SF7<= & ferric
chloride 2t 1 m(E &3%3t & microplate reader
(Molecular Devices, USA)E o]-&3Fo] 700 mmol|A]
FEEE S5 AR SEe (T8 eny
- 5T n) [ T8 gnnanl X1009] FA 02 AlAlst
Rk, A 2t e== 5 ug/ml vitamin CE ARE-S}
Ak,
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TEE Pz Z=Ro| HaCaT AEF0] AJE-go| 1l
2= GRS dopr 7] QJ5ke] 96 well plated] 2 X 10*

cell/wello] E=Z NEFE B3l 37T, 5% CO,
7} SaERe 2204 16A17F Bt vieFstGiTt, of7]el
gae 94353 25, 50, 100, 200 ug/ml EEE
Akl 24417t &9t 7} viSF & MIT 7835 2
TEE log/m7t H== vizlo] ¥ar 1A7F 30& &
¢k 37T, 5% CO7F skl 24olA vkt
0|5 HjAZ A|ASL DMSO £HE 7} well & 200
wl B2 F 308 H& oA st AEEA &

3 microplate reader(Molecular Devices, USA)Z
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3) UVBE REE EMAMAZ(ROS) AN A1

HaCaT A|Z3Z 6 well plateo] 2 X 10° cell/well
o] HlE= HFslaL 37T, 5% COyt sFEE 20|
A 16X Bt uigsigic vk wixE AlAsSkL
FBS7} ¢l DMEMS Z718lo] 4417t B¢ 3271 wjoF
stgich PBSE 33] A1 & 5702] UVB #Z(G8T5E,
Sankyo Denki, Japan)& ©]-83}% 40 md/ar Al7]
2 UVBE AR o1 0 ug/me, 200 ug/ml &%=
o] WEEt d4FZEo] IFHE DMEM HiAE Z}zt
H7ksto] 12412 F<t wjgsiglt. vk AlLe 10
uM DCFH-DA7} 37}l DMEM Hj|9l|lA] 37C, 5%
COy7} Fa=l= 204 3057 vjofst & PBSE 3
3] N1 5 ¢330 4 (EVOS fl, AMG, USA)E o4&
ato] stk

4) UVBZ K= MEZEAIE AN A

(1) MTT 243

6 well plateo] 1 X 10° cell/wello] EEE A|xz3=
& B3l 37C, 5% COy7tF BaEhe 27A 164]
ZF &}t wiesislct, vk wixE AlASKL FBS7E ¢l
+ DMEMS 37Fsto] 4417t &<t 571 viefalqict,
PBSZ 33] A& & 57129 UVB #Z(GS8THE, Sankyo
Denki, Japan)& ©|-&35l%] 40 md/at Al7|=Z UVBS
ZAfsto] ARZAPEE skl o] F FBS7F gk
DMEMe| &% 4432852 25, 50, 100, 200 ug/
m¢ FEE APkl 48AF B 7} vk & MTT
8IS AT 1mg/m7t H=E viR|of] Wil 14]
7k 302 Bt AxollA vkl o]%- viR|E AlA
313l DMSO 898 7t well F 1 m4 E& ¥ 308
A= FolAo &ulsel AEHA ¥ ¥ microplate
reader(Molecular Devices, USA)ZE ©]-85}0] 540 mm
oK FHES 24slel Alme] AELE 2ttt

(2) Hoechst 33342 HAUHH
HaCaT AEZFE 6 well plateo]] 2 X 10° cell/well
o] H&E& HFstaL 37C, 5% COy7t a5l 270
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FBS7} §l= DMEM= 715k 4A7E 52t 371 vl
skt PBS®E 33] AlF $ 5712] UVB HZ(G8T5E,
Sankyo Denki, Japan)E ©]&3to] 40 md/at Al7]
2 UVBE A3 ©1% 0 ug/ml, 200 ug/ml 5
°of IEY F4FEEC] At DMEM HiXE 742}
A7Fsto] 12417F F2t vieFslaitt, AlEe] 3s HAs)
7] fl8to] vjR| 9] AFHS AAR & A7k DPBSE
33] A|A3}al 4% paraformaldehyde® A-2ol4 30
21t APste] Alx2E 11selth thA| DPBSE 33]
A2 % Hoechst 333425 DPBSof| =31 1 ug/ml =
golo R 1581 AAslaL FFArF(EVOS fl, AMG,
USA)E 0|83} apoptotic bodyS IH2Fst4ich,
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DPPH zftize] tigt TE2o] kst avs €<l
317] 9J5to] 25, 50, 100, 200 ug/mee] =& A3t
A3}, DPPH b 27552 12.55%, 21.69%, 41.15%,
71.28%% = oEX o FHES TES 4 Uit
(Fig. 1A),

Fenton §hg-0 =2 WA s|==4 gr)zd] 5%
< 25, 50, 100, 200 ug/m®] E==2 Ae]gt A1} 3]
=22 gz 2458 74 9.17%, 10.02%, 12.88%,
15.79%= Yepd-Z g1 4= ¢3ickFig. 1B).
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7] $Jsted 25, 50, 100, 200 ug/mie] =2 gt
A3k 50, 100, 200 ug/ml sE=olA 22} 2.35%, 6.54%,
14.41%2] 2A%S L}E}lﬂ o1 200 ug/m2) FEo]
A 17.06%2] 4
J13 eie B 4 ASICKFi, 10)
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7] Y3}t4] linolenic acid& Fenton®k-$-

S=SA eeizel wgAl7|n BB

Sl Aol golo] tiet wael gust At
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Fig. 1. Scavenging activities of Palmul—tang(PMT) on 1,1—diphenyl—2—picrylhydrazyl(DPPH) radical, hydroxyl radical,
hydrogen peroxide, superoxide anion, lipid peroxidation and reducing power of PMT. DPPH radical(A), hydroxyl
radical by Fenton reaction(B), hydrogen peroxide(C), superoxide anion(D), lipid peroxidation(E) and reducing
power(F) was evaluated in the presence of PMT. After PMT at the indicated concentrations was reacted with
each radical, the optical density of each reaction mixture was measured at a specific wavelength with spectro—
photometer, Data are given as means of values = S.D. from three independent experiments(n=3). Level of

significance was identified statistically( * p { 0.05, **p<0.01, **p{0.001) using paired t test compared with
control group.
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36.40%, 40.07%%2 A wxoA §24 U= %
Aks) oA eyt SEE Itk Fig, 1E),
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200 ug/mi] T2 Aa|et AT} 11.57%, 26.03%,
58.62%, 116.24%2] 422 S = AUrh(Fig.
1F).
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=90 HaCaT AZFO] AEE vX]= F&
ot 7] 9t MTT EAHS AASHATE ot
AYE sHA] 2 2] Y= HotbE 10002
skl ZF S0 3RS EHAlslo] Aaker Aal ZEE

o ox
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Cell viability(%)
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ko=

200 vg/mi®) BEAA Tt HOIFE Hfol7t W
Sic}, webd TEEE 100 ug/nt olale] BHEAA
A BEET FAS Ak 9 Ao BlE

tHFig. 2).

3. BEEQ| MEL SYMAF(ROS) 4

UVB ZAP} ROS S f=sheAls &
UVB7} AR Al HoflA] ROS Aol vlAl= Z=
Fe| S WEstLA DCFH-DA assays A
23, UVBY] A= AlZ W ROSY| A4S FAI9]
S7F e, olgjgh ROS2| A4S 100 ug/mee]
=% Gegdm AElof g5t oAlEE 2T 4 9l

et

Lo
QL
R

PMT(pg/me)

100 - +
80 -
60 -
a0 -
20 -
0 : : : :
0 35 50 100 200

Fig. 2. Effects of Palmul—tang(PMT) on the cell viability of HaCaT cells. Data are given as means of values *
S.D. from three independent experiments(n=3). Level of significance was identified statistically using paired t

test compared with control group.

Normal

UVB(40 mJ/cm?)

UVB(0 mJ/cm?) +PMT(100 ug/md)

Fig. 3. Ultraviolet B(UVB) induced intracellular oxidant generation in HaCaT cells. The cells treated only UVB(40
mJ/cr) or with Palmul—tang(PMT, 100 ug/mQ) were stained with 2',7'—dichlorodihydrofluorescein diacetate(DCFH-DA).
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4., UVBZ F=El MZAIHO| Chet
Z=g9 &4 3= &t

UVBE frkl= AlZApde] izt 2599 35
= EIsE7] ffste] Allazol UVBE 40 md/ar= FAF
T FEERS (0, 25, 50, 100 ug/m= AH|et A},
50, 100 ug/meollA] &4 Bl&of ofgt AEEo| S7Fst
SchFig. 4). UVBE f=9 AlZAPEoA] Yeh=
apoptotic bodyS Hoechst 33342% ¢AHs}o] &%
du|F oA S A3}, UVB 2A & ZER 100 ug
/miE AJgt - UVB T ZARAT B]also] apop—
totic bodyE /4t AIZ(EHEsE)7F dA|s] TAashal
= EIsHAH(Fig. 5). whehA FEFS UVBRE
L Al ZEe] tiste] Sl Al Sles ERlg

A3,

s

4 4

120 ~

Cell viability(%)

v, o &

qroshal ol edhe Rl Aot oi¢- U
of Aok, GG A= A A, S
£} slo] Aol fuMel 2Hg-02 Akl siglonf,
(B - SEER) oM E "EE 2RI, HAAH,
RO, T SRR, HEREATE st sl R
1Mo} AoFo 2 ARt skGiT), (Fifli - KE)ollH=
SN IURGEE, IREE - Tk RAGHE,
A R - =k, TsoRE, WIUAIERIE], I 5UE -
POk, TSI+ AEIR, S AEATTIE,  REAAET,
SAERK, SHUER, REAE - Sk o RN
oAbk e BOER e SuteE e DUREEIRZERE. B
Bk, TURSEE, TR, R e st A

PMT(pg/me)
UVEB({mJ/cm?) -

100 +
80
60 -
40 A
20 A
0 - T T
o o
+

*
*
I T I T l
25 50 100

+ + +

Fig. 4. Effect of Palmul-tang(PMT) under Ultraviolet B(UVB) irradiation on cell viability. Cells were radiated with
40 mJ/er of UVB and then incubated with different doses of PMT for 48 h. Data are given as means of values
+ S.D. from three independent experiments(n=3). Level of significance was identified statistically (* p { 0.05,
** p ( 0.01, *™* p < 0.001) using paired t test compared with control group.
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Fig. 5. Ultraviolet B(UVB) induced apoptotic body in HaCaT cells. The cells treated only UVB(40 mdJ/cr’) or with
Palmul—tang(PMT, 100 ug/md) were stained with Hoechst 33342,
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