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Abstract

In this study, we investigated the anti-oxidant, anti-inflammatory, whitening, anti-wrinkle, and anti-pollution effects
of Neem tree (i.e., Azadirachta indica leaf) 70% ethanol extract. More specifically, the polyphenol content was
51.37 mg/g, and the DPPH and ABTS radical scavenging activities were 34.09 and 72.18%, respectively, at a
final concentration of 1,000 pg/mL. SOD experiments showed an effect of 24.13% at a final concentration of 1,000
pg/mL. In addition, to investigate the whitening effect, the tyrosinase inhibition effect was measured, giving a
value of 47.21% at a final concentration of 1,000 pg/mL. Furthermore, MTT assay experiments were carried out
on macrophages (RAW 264.7) to determine the cytotoxicity using the neem tree leaf extract, it was confirmed
that the cell viability was unaffected up to a concentration of 100 pg/mL. Moreover, anti-inflammatory (NO) analysis
of the cells using macrophages stimulated with LPS induced an inflammatory response of 68.86%, in addition
to an anti-inflammatory activity of 66.45% at a final concentration of 100 pg/mL. The iNOS protein showed an
inhibition rate of 97.49% at a concentration of 100 pg/mL, and in the cytotoxicity assay (MIT assay) using keratinocytes
(HaCaT), the cell viability was similar to that of the untreated control at 10 pg/mL. Western blotting analysis
confirmed the inhibition rate of MMP-1. Additionally, HaCaT and CCD-986sk human skin cells were stimulated
with benzo[e]pyrene, which contains fine dust and heavy metals, and then treated with neem tree extract to measure
the effect of the extract on the cell viability. Indeed, the anti-pollution efficacy of the extract was confirmed. Overall,
the benzo[e]pyrene-stimulated cells presented improvements of >92 and 81% for the HaCaT and CCD cells at
a concentration of 25 pg/ml, while improvements were observed at a concentration of 100 pg/mL HaCaT for
fine dust-stimulated cells. Moreover, HaCaT cell and CCD cells showed improvements of more than 85 and 76%,
respectively. The obtained results therefore indicate that Neem tree 70% ethanol extract is expected to have value
for application in cosmetics due to its pharmacological activity and its fine dust-blocking properties.
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Aol Abaell= oF 95%9] F2 ket of 5% =9
VHE A7) ok 2 ATt oju g 4 a1 o
A Ao g Qlal AAE ol WstE|o] AA o faf gt
i 2kl 844 Ak oxygen radical, oxygen free radical,
reactive oxygen species(ROS)] 7} HT/}(Choi 1998). o] &4
Aae AEE g5t 54 G4 S Asliste] AkshA
&= ”(ox1dat1ve damages) S F-23lo] thekal AW S do
7l dRlelH, w35 37t "g‘ﬁ?‘ﬂJ AR
Z FAX 07 AR = AL T2 fiee radical 2 Q1 gH
oo R A 8 B AE w3lE toet AW
oF7|gttl(Beckman &, 1998; Haddad, 2002). ©]2] 3+ &4
AALE AASE FL E5AELZE L-ascorbic acid
(vitamin C), eplgallocatechln gallate(EGCG) butylated hy-
droxy anisol(BHA) %0] o, o]AEL free radical S
A AsHE - OH group< H DAL E 2AGHE Y
A 7, BE ﬂ%"é A FAsiA = g
7 9JthDing %, 2009). 13| EGCGE H|EMW EX.Th
254, WIERR CEB 1008 g =o] &Hibsl gk 7HA 1
A THBagchi, 1999). Z < Al Akg]el] nIAHA] 7} 2 FA4
7F EaL Qltkh 37 & Eotthd e rlAA <F Zr|AwA]
© PMys= A7} ¢ 2Fom AlA| B2 7] (WHO)ll A
15 ZAEAZ A w9 XA o] thKim 5, 2018).
ZAA 7} P AA] A sk Q19121 EA Lol o] &l
#9929 470l 0y e, o dAE FNE
HEA R FFE(C, Cr, As, Pb B)oH WS gl
Z~(benzo pyrene 5) &= vﬁﬂ?—?} dio] o 2301
O (Lee, 2003), TH2 FH o B2}
ZFErk o] & <l JH:" o] oFs

[e)
2 eS ¥t} 38 ol R nAHAE v

0{

ff

glols EAA el A& Welsta EallE S7H
719, debd MaE 256 of2 7HA] 9% dds do
2o ok =g, viAA] o] 23 FaEel Il
SEER Ay BojA v Aol AdoA| 1 &=
s HHA 95 =5k AlRRE o] FEou A
sol vehd = slvk ol= M e xS st
ot iAoz Aehs olEde F 2 dle] 1t
A FRARE, v ARA| o] FEEoly FelEdol gl
27] {1 W& FEs 5730l oskE 5 3UtkSeo 5,
2016). ©]21 & o] = aH| RS nARIA| = Qe T
She TRt Arge] o Bl A5l #ile] ol 9le
™, o]e] w}ﬂ‘r IF-2FE vARAE HolFAY 2 AA

W dlFe e o % Srleta dth
H E2(4zadirachta indica)= neem =, nim tree}al

L, dpsubrael vlsg Folo st v, 9]

A58 A A27d A3 (2020)

g, e, 229k Brine ge G o ofg
o AelA AAea Eelsk 1520 m2 FHE &
A AT ek A% WFA 33 PAA, A2,

APshA] Bl 5ol 8k o 2 ARE-E %] 2™, phytochemical
= Fstar QoA i, dete]of, 7S A, AY
AT R R} 2 bshbA Aol #l AW (Clayton
5, 1996), FrtEl 2~ #d 9 A8 dE9 Gl A8
(Van der Nat 5, 1991)= A}&-5 3 9t} &A% JE] 9
52 Hrsl7] S8l ¥ A= neem tree oil?] S5
AW A9 gle Aot

B AT s HE] LS 70% ethanol 2 FZ35}] Ag
224 A3y} LPSE Fd A EE o] galo] ¢
’d cytokineZ} iNOS, COX-2 Tz o] Wty FJ= & ?i:r’-O}
3, AAAES AROAEE AT S G ant-
pollution) &3}, v A HA] ZRE]o] B H g3} gt
< B3 8% A5S F3Y3}aL, anti-pollution 7
2A9] &8 ARE goli izt 3%

I %2

Y E2(4zadirachta india)= TNVHH

% stof ]33tk 70% ethanol
FEES HEZY S X3 dxd "]u- %0‘/] 1004
o] Su| = AFofA 24 ]Zl’ HAA|sto] FE8h= AS 39
HhEslo] FZHS o] 7X|(No.20 filter paper, Hyundai
Micro Co., Ltd., Seoul, Korea)Z 13}, %, HA7Z3}0]
skt &2 29.32%3A T %—%%g 4T 3734
of Bysta, & AEo A5E AHESFATHFIg. 1).

54 A<f

Aol AHE-H A2 th53 2t} 2,2-Disphenyl-1-
picrylhydrazyl, 2,2-azino-bis(3-ethylbenzo-thiazoline-6-sulphonic
acid) diammonium salt, potassium peroxodisulfate, butylated
hydroxy anisole, L-acorbic acid, tannic acid, xanthine, xanthine
oxidase, nitro blue tetrazolium(NBT) 52 Sigma-Aldrich Co.,
Ltd.(St. Louis, MO, USA)2] #| &S AF-&-3F3ith. Folin-
Junsei Chemical Co., Ltd.(Tokyo,
Japan)2] #| &S A3} T} potassium phosphate mono-

Ciocateu phenol reagent+
basic, potassium phosphate dibasic &< Duksan Pure
Chemicals Co., Ltd.(Ansan, Korea)2] A|&& AFE-3l 2
™, 3 4-dihydroxy-L-phenylalanine, Tyrosinase from mush-
room 5 Sigma-Aldrich Co., Ltd.2] A& AF-&-3} T}
Sodium phosphate monobasic dihydrate, sodium phosphate
dibasic anhydrous &< Duksan Pure Chemicals Co., Ltd.2]
A &S AF&-3 Th. MITF, Tyrosinase, TRP-1, TRP-2. 23}
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Fig. 1. The procedure for extraction from Azadirachta indica.
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antibodies= Biotech(Santa Cruz, CA, USA)°| A -4 3%
t}. N-Succinyl-Ala-Ala-Ala-p-nitroanilide, Elastase from
porcine pancreas 5 - Sigma-Aldrich Co., Ltd.2] #| &%
A48} ©F. MMP-1, Filaggrin 22} antibodies= Biotech®l|
A FUEA L, FFEE Escherichia coli KCTC 2441,
Staphylococcus aureus KCTC 1916, Staphylococcus epidermidis
KCTC 1917, Pseudomonas auruginosa KCTC 1750,
Enterobacter cloace KCTC 2361, Propionibacterium acnes
KCTC 3065, Candida albicans KCTC 7965 5-©] AH-&-% 2
t}. WX Z = Gifu anaerobic medum(GAM)+ Nissui
Co.(Japan)©l| 4] Nutrient agar(NA), Tryptic soy agar(TSA),
Yeast Mold agar(YMA), Yeast Mold broth(YMB), Nutrient
broth(NB)®} Tryptic soy broth(TSB)= Difco Lab.(sparks,
NV, USA)lA Fdste] Abgstlth. AlEF Murine
macrophage cellRAW 264.7)-2 ATCC(Manassas, VA, USA)°]|
A 811 o™, Keratinocyte cell(HaCaT) gHeFl St
(Gyungsan, Korea)oll A &ito} AFE-SFSITE A3 vl ok
$13t fetal bovine serum(FBS), dulbecco’s modified eagle
medium(DMEM)-2 GE HLS(Logan, UT, USA)°|A -3}
AHgglom | trypan blue stain, trypsin-EDTA>  Gibco
Co.(Grand Island, NY, USA)°lA F9435 1, MTIT AleF
Sigma-Aldrich Co., Ltd.o|x F43te] AF&3IATE Griess

reagent, Lipopolysaccharide 5 Sigma-Aldrich Co., Ltd.]|
A Tl ste] ARS8 2™, Benzo[e]pyrenes Sigma-Aldrich
Co., Ltd.9|A] 333t} X3}, Fine Dust(PM10-like)=
Sigma-Aldrich Co., Ltd.ollA] T 3tc] AR&-st3Att.

Aol ALZE 2171

B A3 AF2-H 7]7]= ELISA reader(Spectra max 190,
Moleculer devices, Sunnyvate, USA), freeze drier(Ilshin,
Korea), autoclave(Hanbaek Scientiffic Co., Korea), Microscope
(Olympus Co., Ltd,. Japan), Rotary vacuum evaporator
(Rikakikai Co., Ltd., Japan), Digital reciprocating shaker
(Daihan Scientific Co., Ltd., Korea), Western imaging system
(CAS-400SM, Davinch-K Co., Ltd., Korea), TP rofessional
basic thermocycler(Thistle Scientirfic Co., Ltd., UK), Step
one real-time pcr system(Thermo Fisher Scientific Co., Ltd.,
USA), BOD incubator(Hanbaek Scientiffic Co., Korea), CO,
incubator(VS-9160GC, Hanbaek Scientiffic Co., Deajeon,
korea) & AH&-3t3ATh

ABTS™ radical 2+ &1t &3

ABTS" cation decolorization assay Y% (Rice-Evans 5,
1974)° w}2} ABTS radical S o] 83 &Hatsle 2 =33}
T} 7 mM 2,2-azino-bis®} 2.4 mM potassium persulfate S
2 HER 43, Apgete] 12 - 24413t F1F x| st
W2 A7 & A Adsiith A5 sEE 5, 10,
50, 100, 500, 1,000 pg/mL F==Z 3|X3le] FH]SHH 11,
& 2T ZE = epigallocatechin gallate(EGCG)E A&
3t} o] % 96-well plateo] & 100 uLo} 2 F&5%
100 pLE 7}8ke] 25°Cell A 787 wkg-A171 5 9b3 734
nmell A FFEE St A& (%2 YER AT

DPPH radical 2H4s &1} &3

DPPH radical £271'5-2] &%} 57-& Blois(Blois, 1958)°]
o2 =331t 2,2-Diphenyl-1-picrylhydrazyl(DPPH)
= 045 mM =7} H == 99% ethanol 2 o] S|},
Al89] F%E 5, 10, 50, 100, 500, 1,000 pg/mL 5%
3| sle] FH|skH T A RS 2= epigallocatechin
gallate(EGCG) & A8 Th o] F 96-well plateol] 7} 2
5 120 uLe} DPPH 60 pLE 3 7Fsbar, 2 Lollx 2135}
155 St vk3-A17]9, 517 nmol|A] ELISA readerS Al-&
sto] aAGAH S SHsHAT

=
=)

Ul

2ld= 3E=E &e £

ZZ9 = FE-LS Folin-Denis WH (Folin¥} Denis,
1912)0.2 ZFat}. Al g 275 5, 10, 50, 100,
500, 1,000 pg/mL =2 8]Asto] FH]gT} 0.2 mL Folin

N
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Ciocalteu reagents H7}ste] & &3t & 33 &<t A&
o HFx|8}9ith 38 & 0.7 M NaCO; XE3F89 0 =
7hete] & = 7 FE= 05 mL”/“ %’—Etaﬂ ge
IA1ZF wkgA]71

Tannic acid& AH8-3F EF342 o] %5]’04 F= 2
FTEYuE S Er16kiTh

Superoxide dismutase FAIEA F1} §’é‘!
Marklund(Marklund®} Marklund, 1974)2] =l uje}
superoxide dismutase(SOD) A& S =4 0} Itk A&
o] F=E 5, 10, 50, 100, 500, 1,000 pg/mLE =H]3}F] 1L
G N ZT O 2= L-ascorbic acidE A&t} 96-Well
plated]] Al &8 20 uLol] 50 mM Tris-HCI buffer(pH 8.5)
130 uL, =F5ol =<0 7.2 mM pyrogallol 20 lLE ¥
203 B Ao A Apdste] ¥HgAIZI - 420 nmellA]
FHEE S5 pyrogallol®] ¥ 43T

Superoxide anion radical &7 &1t £3
Nitroblue tetrazolium(NBT) 21 " (Fridovich, 1970)°]
w2} superoxide anion radical A 5= S48t A&
£ 5, 10, 50, 100, 500, 1,000 pg/mLe] FE2 3]235}]
Z} A& 0.1 mL9} 0.1 M potassium phosphate buffer(pH
7.5) 0.4 mLol] NBT(0.24 mM)<2} xanthine(0.4 mM)<= =<1
substrate 2 mLE % 7}l 1L xanthine oxidase(0.2 U/mL) 2
mLE H7lsle] 208 B<F 37CelA REEAIZ] & 1 N HCl
1 mLE 37Fsk] F4% 560 nmellA] S 31 eh 4 o
ZT O 2 epigallocatechin gallate(EGCG)S AM&-3FAth

s

= o

fot
Fe 29 A8e dad Ade Mg 2 Age
wlFS 98l E coli, S. epidermis, P. aeruginosa 2 E.
cloacae®] YA W] A] = Nutrient broth(NB)E- S. aureus2]
A Wi A &= Tryptic soy broth(TSB)Z AHg&-3l3lew, P
acnes®] YA A 2 Gifu anaerobic medium(GAM)S A}
L3R e, C albicanstd2] QA A] 2 yeast mold broth
(YMB)E A1&-3133t}. 24| wiA] = nutrient agar(NA), Tryptic
soy agar(TSA), Yeast Mold agar(YMA)<} Gifu anaerobic
medium(GAM)= AFH8-811 om, Aol glojA] £ ulj=] o]
agar powderE F7lete] Ao A2

ot

M= x3l|&(Clear zone) &3

Paper disc(Conner?} Beuchat, 1984)5 ©]-8-3to] A& A
sEe 24kt =, AA wiA] 15 mLol] B wjR] ol 4]
g ZF 75 1 9ol sl 18 - 24A13T k]
A7 5 u}g— DA #i#] 15 mLol] FHS 0.1 mL
HEdto] 4-8AIZF vt vk HhlA] N 75

58t3]#] A27d A3Z (2020)

7 <k 1x10° cells7} E)7] A Este] Htd B8-S AHE-S
of Td3HA Z=aatdth. B E filter paper dlSC(8 mm,
Tokyo, Japan)Z 1A HFHjA]dl] S e A BS F=
2 005 mL/disc7} H =5 SFAIA Al 37T Q15 o]
Elol, 2132 25T <QlFulo]Elel 12 - 4841k )] ale]
disc 7919] Clear zone(mm)2] 27 S% ot A &4
= ZRlsksith

Mushroom 2l tyrosinase X4 =3

Tyrosinase A3 &S Yagi 52 ®WH(1986)°) Wk =
sttt AlZE 5, 10, 50, 100, 500, 1,000 pug/mL &L=
3] ske] 1|5k AL, P R 22 L-ascorbic acidS
AF8-3FATh 67 mM sodium phosphate buffer(pH 6.8) 80
uLell 10 mM L-DOPAE %] substrate 40 uL2}t Al 5 40
uLE 412 &3l mushroom tyrosinase(125 unit/mL) 40
uLE #H7lsted 1083 37CoA WeA7l & E3 =S
492 nmellA 7ttt

Elastase X3l EI'—} £3

Elastase A3l 242 Cannell 5(1988)2] W= a3t
o A zlgst M‘jr. N-syccinyl-(L-Ala)-p-nitroanailide
£ AR&3ste] 36TolA 2583 7[AZFEH AAEH=
p-nitroanilide®] A E = F= 405 nmol| 4] ELISAZ =73
SIATh 1 3 AlRE 1,000 uygml FEZ 84 5ke] AR
NS 40 pLZ FH3taL 50 mM F=2] Tris-HCI buffer(pH
8.6)° =<1 Porcine pancreas elastase (0.5 unit/mL) &<}
40 L= 7Fet T 7142 50 mM 559 tris buffer(pH 8.6)°]]
=21 N-succinyl-(L-Ala);-p-nitroanailide & 3 7}8ke] 204
Bt WA & AFE ST Y dHET e EE

epigallocatechin gallate(EGCG)E AF-8-3} T}

M= Bl

B Ag oA o]-83 RAW 264.7 macrophage cell, CCD-
986sk cell, HaCaT keratynocyte cell= 10% FBS¢} 1%
penicillin/streptomycin(100 U/mL)< % 7}3+ DMEM H|A|
£ 288k e, 37T, 5% CO, incubatorell 2-3-A17 Al
vkl th RAW 264.72 cell scraper ©]-8-3 4], HaCaT
cell?} CCD-986sk cell®] 7% phosphate buffer saline(PBS)
2 AA F trypsin-EDTAS A88|A A5 83 &
ATl v ¥k

MTT assayofl 2/st Mz S4 =l

M E 54 =% 2 Carmichael(Carmichael 5, 1987)2] W
Holl e} S35 th 96-well plateol] RAW 264.7, HaCaT
cell-& 5x10° cells/welle] EA] HF3}a1, CCD-986sk cellS
1x10* cells/wello] EA] 53+ 5], RAW 264.7, HaCaT cell,
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CCD-986sk cell =5 A|EZ 5, 10, 25, 50, 100, 250, 500
pg/mL = HWZ A Z3k] 0.02 mL 37} & RAW 264.7
cell, HaCaT cell= 37C, 5% CO, incubatorol| A 24A| 7} ul]
oFstsd a1, CCD-986sk cell2 37C, 5% CO, incubator©l A]
4817t H kel 1 % 2.5 mg/mL FEE A 23 MTT
£45 0,02 mL H7bste] 4A17F Bt wjFAI AT 2 F
Hj el & ek Al AstaL ZF well & DMSO(dimethyl
sulfoxide, DUSAN)Z 0.1 mLZ 7}8to] 2 2o|A] 3087t
Z 53] dF2-A]7 ELISA reader® 540 nmol| A S4=5
ke

Nitric oxide MM X3l &o} 3

Nitric oxide(NO) &2 A L2 52 NO9| 4=
nitrite and nitrate® =7 3} tH(Green &, 1982). 96-well
platec]l Al RAW 264.7< 1x10* cells/wello] ¥ == &
38}aL, incubatorol|l A 37T, 5% CO, 71 2.F 24|37t F<t
vl AT 1 FH ol wiekal-S 3§37} DMEM Hlj#]
2 w3}, lipopolysaccharide(LPS)S ] X]3te] = wt
52 stk Wb LPS 1 ppm/welle] S =3 X E]s)
3, ZZte] Ag8NS T2 23 £ incubatorol A
37C, 5% CO, 2702 24A17t Bt v FAIZ ) 1 H el
A ZE 96well plateol] A|3Z vl FH-E- 100 uL %7131 Griess
reagents 100 pL H7}ste] oA 53 Bk ¥HEAIZ]
el 540 nmoll A 3 =5 S5t 235 AlLkskTh

Western blot2 E8t & gzl 53

iNOS, COX-2 18] 31 MMP-1, Fillagrin, procollagen THe
A FE =4517] Y3l 6-well plateol] Al 5 RAW
264.7, HaCaT cell S 5x10° cells/wello] ¥ =5 33},
37°C, 5% CO, incubatorol| 2] 24A17F E<t v FAI AT 2
el w2 3 7371 DMEM WA 2 w2k &
RAW 264.7-Z lipopolysaccharide(LPS)Z *]2]3}aL, 7} Al
F89E TR A F 37T, 5% CO, incubatordl| A
24A13E B AT

HaCaT celloll 4] MMP-1, AHR, Filagrin, Procollagen T+
A T =35 ¢35 HaCaT cellol] 2 Al 2898 5=
H2 2] & UV-B I+ benzo[e]pyrene(BP) 2 A}=-3}<]
37T, 5% CO, incubatorol| A 24A|7F Bl UFA]A A E B
9 FEE SAYE S

3 5 wiAE A7kl PBSE 13] Al1H § RE AEE
RIPA buffer® H2]3le] A|ZE 8aiA7]|a L4lEel7l &
o83t 47T, 16,000 xgollA 15 &<+ 2] A2
H & AEdS Al FE &X1th Membrane- digital
reciprocating shaker 7]7]&- ©]-&-38}o] 5% skim milk 2 2A]
7} blocking@! TF2- primary antibody 2 347t BFS-A| A 5
& TBST solution®. 2 1054 31 A2 & wkaalgict. 1

o

o5l 5% o) primary antibody”} -2 membrane
<= 7} A9 &l alldSh= Secondary antibody S 14]17F

RS [<)
A2 & WHE-3k 5 Davinch Western imaging system< ©]-8-
N FA RS S5k

il

ol
ok,
£ g
av)
z
N

0

=324 g3l (Anti-pollution) =1t X

FTEE e 22 S-S gR18] a8l 96-well plate
o] M3 HaCaT cell2 5x10° cells/wello] ¥ &2 B33}
31, CCD-986sk cell2 1x10* cells/well ¥F & incubator®l]
A 37T, 5% CO, A CE 2447F B9k v AT 1
Holl mgds &3 T/} DMEM WiX|2 wmEstal,
benzo[e]-pyrene(BP)= A 2]5td Al=3t5ith whebA] BP 150
ppm/welle] H =5 A gstar, 2H7e] A5 &ds w5
2 23k 3 HaCaT cell2 incubatorol| 4] 37C, 5% CO,
Z70 2 24A1ZF Z<b w A7), CCD-986sk cell-S
incubatorell A 37°C, 5% CO, A C.2 48417 B3k A
Zth 2 Holl 2.5 mgmL TE=2 A 23 MTT £9< 20
uL/well2 7Fste] 3 -4A12E B2k mjofet & wjokd S
AAStAL dimethyl sulfoxide(DMSO)E- 100 uL/well &2 3
7¥ato] A-ZollA 10 B REEAIZ] £ 540 nmell A

= =) = = =]
=5 59 295 =E39

\©

OMHXZRE LFHZ 25 &3 £F

AR ZEE 9] FEAE BT ZHE B ¢
&l 96-well plateol] Al £ HaCaT cellS 5x10° cells/well©]
E =2 B33k, CCD-986sk cellS 1x10* cells/well 5
3 incubatorel| A 37°C, 5% CO, 202 24417t B4t vk
AlZtk 1 Fol vl & 3 F3H7F DMEM HiAI = o
gkatal, Benzo[e]pyrene(BP)= A 2]dte] 2= gttt whebA]
BP 150 ppm/welle] H &2 Agjsla, ztzte] Al ggoS
FTEHEE A3 & HaCaT cell incubatorel| A 37T, 5%
CO, 0.2 2473 F<2t vl %A 7] 1, CCD-986sk cell
incubatorol| 4] 37°C, 5% CO, 271 2.2 48A17F B2t vl A
Zo 2 ol 2.5 mgmL FE=2 A| 23 MTT €92 20
uL/well= 7Fsto] 3 - 44130 F<k v oFgl & wj ko=
A A}, dimethyl sulfoxide(DMSO)E 100 pL/well &=
A7kete] A-oA] 1023t ¥-gA1Z1 T 540 nmol| A 53
5 33 2AE =&

4m o g

ABTS" radical &+ &4

2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid(ABTS)”} potassium persulfate$} HF-8-3le] ABTS'
radicalo] A= o] 5F2 A 542 b=, Al
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B2E UM HH gk mao=z el hydrogen
donating antioxidant®} chain breaking antioxidant 55 =
28 Jde S zeth ilst 2247 9kl w
o} §REo Wal AVIER DPPH &A% A9 o
7 B2 ATolA o]8= L Utk HEZ S FEES it
st S8E YolHr] 9@l tiET  epigallocatechin
gallate(EGCG)Z AHg-3lo] ABTS' 2tz 2AZAH S =
Attt 1 552 1,000 pg/mLell A 69.60%2] E S
Hebd AL g = Utk T EGCGR Y=
FITF AT kst 75 AR 24 S A dEE
A o=z AlsETKFig. 2).

DPPH radical &2Hs &1t

1,1-Diphenyl-2-picrylhydrazyl(DPPH) & HA3ols =
Aol AlgEw, B2 ~~27) vf-$- ¢Fd 3 free radical S
7HA 3L 517 nmel| A B8 33t 8 E = 35S vE
W Eebd S M= 8 Eo|th DPPHE #718v<1 &2
< ol g3, gitsl S-S Fo = f7 gt 4
& Aol ATHMolyneux, 2004). HEZ] Y F2E9] 3
2k TS doli ] 918 thZt epigallocatechin gallate
(EGCG)Z AM&-3te] DPPH &)z 2AZA S =389
th HEY FEE] kst 559 54 29, v=
o] &A1l kst AITF YERR O™, 1,000 pgmLe] &
o A 34.09%°] &S YEVETHFig. 3).

EE0H= sgtE g2 gl

sz FIES AAE &l Bo] diHo] glom,
A 7S AASHE Blo] o5 F8 Aol
A7 Bol BaEo] glon, Tt o]gjdt ZEfE ol
U Hzsi 9 dEAlold 5ol #HeAd 8 E°] DPPH

I
I ‘ | |
500

100 1,000
Concentration (ng/mL)

Fig. 2. ABTS" action radical scavenging ability of solvent

fractions from Azadirachta indica 70% ethanol extract.

AIE, Azadirachta indica ethanol extract; EGCG, epigallocatechin

gallate.
Data are pressed as mean+SD of one separate experiments.
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Fig. 3. Electron donating ability of solvent fractions from
Azadirachta indica 70% ethanol extract.

AlE, Azadirachta indica ethanol extract; EGCG, epigallocatechin
gallate.
Data are presented as meantSD of one separate experiments.

2 Z-83HMoon 5, 2004). ¥ AHxE 7 &
tannic acidE o] &3] XFJAS ALESle] HED] &5
o] Zevls S 24sla, 21 7S Table 1] YERY
Aok 1 A7, 5137 megg®] FES A e As I
g I e E FEEC] ZEEE I BA0Y)
oA Y& 23H6.46 mg/g), ZH(5.50 mg/g) P (248
mg/g) 53 vl wd S v YEZ]Y 70% ethanol FEE2]
ZEvE dfo] B2 RS RIS o|2A thE &
AEERD 22 EP0E g /R EE iks 7E
g A E AAERAZA] E8o] Thsdd Z oz Alsdh
(Table 1).

Superoxide dismutase(SOD) RFAIEMS
Superoxide dismutase(SOD)= A A4 H-3ll 3t superoxide
anion radical( - O, )¥} Whg-3te] H4bstrA(H0.)E A
Al AR, AAE AJEEE BE A ZA15
Aol A B ikl Tt ol o] o] 285 sk tisE
# ol A2k A8 Al o] Th(Jain, 2003; Choi, 1999). 3}
AaEA7) S Elo] A7) superoxide anion radical( - O,
2:0,+2 — 20, ) AASE ol WAYF &
oJehe A0, + 2H— H,0; + 0,)Z, 4] -

Table 1. The contents of total polyphenols of Azadirachta indica
70% ethanol extract

Sample Polyphenol contents (mg/g)"”

AIE? 51.37+0.60”

UTAE standards for tannic acid equivalents.
YAIE, Azadirachta indica ethanol extract.
DAl value are expressed as meantSD of triplicate determinations.
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7J3 hydroxy radicale] ¥ = RS o

she 95 AU 95 =3PA| S f1g nl8-A <l AA)
2 3% T 2 7R ARl E 3 A TKGrasbon,
1999; Mckers1e 2000). SOD FAMEA] a3E =% sl

HED) SEke] i3 £318 547 A3k A
Q1 1,000 pg/mL E=oA] 24.13%2] FAFEAA S EATt
(Fig. 4).

Superoxide anion radical &7 =1}

Superoxide anion radicalNBT)& =714 M ¥e] &4 &
= HEALAQ] dAA g e S0 AAE=
radical 24 =3}o} Fdsto] AFshk-g-o] A|eA o 2o
ek R, UL, 0| ERA i, AFTAL
S3 2o XA E] A Hoddte] x| DNA, ©
W Fol Aksld & freste ez dHA Ut
(Ghosh, 1998; Feng, 1999). ©]2] &} 745 ata} B2o|
superoxide anion radical®} ¥H-g-3to] AAEH Betdlog
s = Aol o5 Ha, o] §3%e] HstE o&
slo] shiksl 5395 =% OH: A o]t} Superoxide anion
radical &7 5% 3l ‘éE— ?ul. FEE s &
I} =4 Ay, Hu 000 pg/mLoA] 96.04%
VERTE o2 v 52eh S48 2he Blo R Kol g4t
3} 71578 AAlR ZAARN YIS vE Ao AlsHTt
(Fig. 5).

Mg Xal&(Clear zone) &¢l

b W b (paper disc agar diffusion assay)S 53t
HEZY F559 It BHE dotiton, 1 434S
A5 A3l 3K Clear zone) - ZHX =7 3l] Fig. 63} Table 2°]|
bt 1 A% HERS] FE5E E i S. epidermis,

-
[3
=)

AIE

B L-ascorbic acid | |

5 100 1,000
Concentratlon (ng/mL)

-
=3
=)

o«
=]

SOD-like activity (%)
- (=)
<@ <@

[
<

=]

Fig. 4. Speroxide dismutase scavenging ability of solvent fractions
from Azadirachta indica 70% ethanol extract.
AIE, Azadirachta indica ethanol extract; EGCG, epigallocatechin

gallate.
Data are presented as mean+SD of one separate experiments.

120 ¢
ATE
= 100 |
Gy =EGCG =
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Fig. 5. Speroxide anion radical scavenging ability of solvent
fractions from Azadirachta indica 70% ethanol extract.

AlE, Azadirachta indica ethanol extract; EGCG, epigallocatechin
gallate.
Data are presented as mean+SD of one separate experiments.

P. aeruginosa, E. cloacae, C. albicansttol tste] g+t &
= 7R A B3 Aew Jeltor S aureustoll A 2
mg/discoll A 5-E] 1.040 cm ©]/3<2] Clear zone®] YEFIL
P. acnesttol QA= 5 mg/disco A FE 1.1£0 cm ©]7d
9] Clear zone©| YeRd A& &1 5 Ut o] A7},
=599 P acnestol| A ?ﬂ EYE HolBmE ouES
71548 aAzEA e Efo] 7Hed Ao Algdrh

Mushroom 2l tyrosinase X3l &4
Melanocyte= %3] 7|4 52| A=A 32 Y]] melanosome
A A ==, 714 melanine 352 x2S A
Hale z83 AR gt opn|gke] dFQl
tyrosinase®l] ©]3}| L-3,4-dihudroxyl phenylslsnine(DOPA)=}
DOPA gninone 2.2 4+e}E ) 1 3 thA] DOPA quinone©]
5,6-dihydroxyindole, DOPA chrome, indole-5,6-quinone®|
3ol 2]&ll melanins A4 5=
Aoz AHA UtHLee 5, 2007). o] ZA FF Lol|x Q]
melanin®] A AIFAAS A3 4 A= tyrosinase2]
A &S =43H7] YAl A mushroom 22 tyrosinase
A& SHska, 1 A3 Ha w59 1,000 pg/ml
ol A 47.21%2] A3l&o] ‘4’5}%0@ F HEzTe R A}
2% L-ascorbic acid 2.t W2 E37F YEIHA T HE
2 FEES HAEEA e A7) ERlE o n9
Agol B F F Us 3oE AdEKFig 7).

%] 11, indole-5,6-quinone

Elastase X3l &
Elastine Z13] ol &
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b
E?i‘

BN
AN
2

N

A

H

T
rrj

lastase =



400

Fig. 6. Antimicrobial activity of Azadirachta indica 70% ethanol extract.

a, control; b, 1%; ¢, 2%; d, 5%; e, 10%.
A, Escherichia coli; B, Enterobacter cloace; C, Propionibacterium acnes; D, Pseudomonas aruginosa; E, Staphylococcus aureus; F, Staphylococcus
epidermidis; G, Candida albicans.

Table 2. Antimicrobial activity of Azadirachta indica extracts Table 2. Antimicrobial activity of Azadirachta indica extracts
(continued)
Bacteria AIE clear zone  Diameter (mm)
Bacteria AIE clear zone Diameter (mm)
control -

, Pseudomonas 10% }

1% - auruginosa
Enterobacter cloace 2% - control -
5% - 1% -
10% - Escherichia coli 2% -
control - 5% -
1% - 10% i
Staphylococcus aureus 2% 10 control -
5% 13 1% -
10% 16 Propionibacterium acnes 2% -
control - 5% 13
1% - 10% 15

Staphylococcus o
epidermidis 2% ) control -
5% - 1% -
10% - Candida albicans 2% -
control - 50 )
Pseudomonas 1% B 10% -
auruginosa 2% _

UDismeter (Disc 8mm).
50 _ INo inhibitory zone was formed. Values are meantSD of triplicate
° determination.
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Fig. 7. Tyrosinase inhibition ability of solvent fractions from
Azadirachta indica 70% ethanol extract.

AIE, Azadirachta indica ethanol extract; EGCG, epigallocatechin
gallate.
Data are presented as mean+SD of one separate experiments.

< wellshe Zaoln, 57 9 A7 59 IFwsE
gl 1L 191 = 3} Uro 1HAn 5, 2009). WebA] elastase
AeAl e 5 FENLE B3 w35 WA= e
SHAI 5]* 1, HEZ A -Zl‘%g«] elastase A8 &4 &3}
5 343 A= Ha FE< 1,000 pg/mLell A s e
o] 24.24%= JEFSTHFig. 8).

Macrophage cell(RAW 264.7)2| MZ=H &el

HEz]of| 2]3F macrophage cell®] Al AEES MTT
assay = &l A3t om, AEE0] 80% °]/d YEM=
FETRHE A%s] 100 ppm olstE A E S XPsi3l
(Fig. 9).

[uy

4

<
1

—

>

<
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" n A
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Concentration (pg/mL)

Elastase inhibition (%0)

Fig. 8. Elastase inhibition ability of solvent fractions from
Azadirachta indica 70% ethanol extract.
AIE, Azadirachta indica ethanol extract; EGCG, epigallocatechin

gallate.
Data are presented as mean+SD of one separate experiments.
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Fig. 9. Cell viability of Azadirachta indica 70% ethanol extract
in RAW 264.7 cells.

C, LPS-not treated.
The data represent the mean+SD of gne separate experiment (significant
as compared to control. "p<0.05, “p<0.01).

Human keratinocyte cell(HaCaT)2 M=ZS4 &eol

HEzZ]o| 2]3F Human keratinocyte cell®] A AJE=&2S
MTT assayE &3l &<lgh A& Fig. 109] YeERAATE
=73 43, 5% 5, 10, 25, 50, 100 pg/mLolA] F%= 10
pg/mL7HA] 80% ©]7d2] BEES
i o=

203, western blot &

M O}AM| Z (CCD-986sk cell)2 0|23t M= A

HEg ] 93 CCD-986sk fibroblast cell®] A= gt%
<= MIT assay® 53l gQlstslon, sz 333 4
3}, = 5,10, 25, 50, 100 pg/mLoll A 90% ©]de] &S

HATKFig. 11).
5 50 100

Concentration (pg/mL)

ntlo

mlo
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®
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' N
=) =

53
<>
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=

Fig. 10. Cell viability of Azadirachta indica extracts on human
keratinocyte cells (HaCaT).
C, UV-B not treated.

The data represent the meanSD of one separate experiments (significant
as compared to control. “p<0.05, “p<0.01).
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Fig. 11. Cell viability of Azadirachta indica 70% ethanol extract
on CCD-986sk (fibroblast cell).

C, untreated group other than DMEM.
The data represent the mean+SD of one separate experiment (significant
as compared to control. p<0.05, p<0.01).

Nitric oxide(NO) X3l &4

HE=Z] 9] macrophage cell?] Raw 264.7° 4] chitosan-
gluconate®] NO2| A J =5 ZF4317] 93] s=H=
AMEZ st NOY= 543 AZE Fig. 129 2o
YeP AT} 225 %91 100 pg/mLol A 68.86%2] A8l &
2 Btk o] 23, FAEHE e HE LA
o] &% 4 & Bolgtn ATHTh

Western blotg &8t INOS, COX-2 & &gl
HEZ|7FINOS, COX2¢l A= 9= H7] #l8) LpS
2 =% mouse macrophages cel(RAW 264.7)l 70%
Ethanol F%5< 10, 50, 100 pg/mLe] F=2 A2lg &
24 h Sl 3]4=3}o] western blotS F3l WS 2l
o} U7 S 2 ammonium pyrrolidinedithio-carbamate

120
100 + 1
80

60

Nitric oxide levels (%)

20

N C 5 10 50 100
Concentration (pg/mL)

Fig. 12. Inhibition rate of Azadirachta indica 70% ethanol extract
on nitric oxide.
N, LPS-not treated; C, LPS-not treated.

The data represent the mean+SD of one separate experiments (significant
as compared to control. p<0.05, p<0.01).

(PDTC)E AH8-3F T} House keeping gene 2.2+ B-actin
= AH&-skelT Fig. 130 e A3t iNOS w2 of A
Z 1% 100 pg/mLol| A 97.49%9] JA|&o] Yeht AL
e 4 ATk o] e Hol iNOS @] ofgh
NO A< dAlsts Aoz dddnt

Western blot2 &8t MMP-1, Filaggrin &8 &¢I

MMPs= 379 A -fopA 2, ZHAPPA 2 E v Es}
o B2 A XEEFY BHEH, AA7A] oF 200] £
771 dvkal &4 A k. MMP-1-2 Collagenase 12 &
HA ow, ZFEH type- 17 MS 7|2 E ITH(Wang
5, 1999). Profilaggrino] 2ta &&= A= o] &4 ¢
TRl ogh Wojut A3kS ob IR YHERE
TS ARt AletEs] el 2 (keratohyalin glanules)
o] EAlst=t HARFUA} Aol A5 filaggrin &
A -S E3HDale 5, 2001). £ ANM =
MMP-17} filaggrin T & & &1L 3to A2E Fig.
140 JEPAQITE 2efzellA] g91e 4= gl%o] sk
1 10 ug/mLolA] MMP-1& 9.93%2] A4 &S B o,
Filaggrino| A & 32.52%2] HEEH}E 710 AL golgd
T UL

1o,
o

Zta @M M= (HaCaT cell)2t M70IM2E(CCD-986sk
celDE ol88 F3% &3dH(anti-pollution) &t

HaCaT A 355l benzo[e]pyrene?t ] 21312 w] 30% %
Zo] APE-E B 31, CCD Al X5+ benzo[e]pyreneTt |
23S ul 31% F =2 APE-E H T} Benzo[e]pyrenes
2] et Al JEzZ] 70% ethanol F+EE2 5, 10, 25,
50, 100 pg/mLE #] X3S v HaCaT 4| £FE benzo[e]-
pyreneRt A 2] gk A 3ol tiv]a] 25 pg/mLoll A 90% ©]/d<]
MAEIE B o CCD Al 3EFE benzo[e]pyrene7t
28k Al ol theal] 25 pg/mLellA] 80% o]/de] 7} &}
£ HSlth o] 23, FEEHC 2R JRES LAZA 9
ggo] 7158 Aoz ALRHTKFig. 15).

ZHE ¥ MZ(HaCaT cell) 2t M7OMMIZ(CCD-986sk
cel)E 0|2¢t O|MHUHXZRE mRAM=Z 25 50}
HaCaT A| 3250 w]AlaA T A2 P2 o 23% % =]
APEE HR1aL, CCD Al 250 vlAIRAE A2 S v
23% F =] APEE Btk wAHAE A2 Az
HEZ S 70% ethanol FEE5 5, 10, 25, 50, 100 pg/mL=
A2 < v HaCaT A EFE wAHA T 2] g Al ol
] 100 pg/mLell A 76% ©/de] /A EoHE Blom,
CCD M EF= nlAHA T A2k Al tiula] 100
ng/mLoll A 85% o]/de] W&ok Hlet o|Aow K
of MARA RN A FHT LA D8] e AL
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Fig. 13. Inhibitory effects of Azadirachta indica ethanol extract on the protein levels of iNOS and COW-2 RAW 264.7 cells.

N, LPS-not treated; C, LPS-treated.

The data represent the mean+SD of one separate experiments (significant as compared to control. “p<0.05, “~p<0.01).
UV-B UV-B
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Fig. 14. Inhibitory effects of Azadirachta indica ethanol extract on the protein levels of MMP-1 and Filaggrin Human keratinocyte cells.

N, UV-B not treated; C, UV-B treated.

The data represent the meantSD of one separate experiments (significant as compared to control.

2 Al ¥ tH(Fig. 16).

o (o]
L =
AT = HE 70% oehE FEES o] &3t
kel g4, v, 5 2 vAEA o} FEHoRRE
AEZEZ g5 AF-sto] 7154 B A 2M 7hs
& ARSI EelHls SR 5137 mggs Freka

p<0.05, "p<0.01).

e, DPPH &}t Z 2753 ABTS #tHZ o752
ZZF FEQl 1,000 pg/mLol A Z}F 34.09%, 72.18%2] &4
< YeRAIth SOD A& E HF Hx=91 1,000 ug/mL
NA 24.13%°] EHE Bt v F9E gl 9
3, E % 1,000 pg/mLA| A E] ZA|olA| oA E=
47 21%oﬂ\;} m:s], %Eﬂi’:l _zr%%a o]_Q.gH Aﬂa‘i E/H
S Zlslr] $1al A A Z(RAW 264.7)°] MTT assay 2
< 3t A7}, 100 pgmLe] o]l FE=AA] Al AYEE]

nd ml
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Fig. 15. Cell viability on benzo[a]pyrene of HaCaT cell (kerati-
nocyte) and CCD-986sk (fibroblast cell) treated with Azadirachta
Indica 70% ethanol extract.

N, benzo[a]pyrene-not treated; C, benzo[a]pyrene-treated.

The data represent the mean+SD of one separate experiments (significant
as compared to control. "p<0.05, ~p<0.01).
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Fig 16. Cell viability on fine dust of HaCaT cell (keratinocyte)
and CCD-986sk (fibroblast cell) treated with Azadirachta Indica
70% ethanol extract.

N, fine dust-not treated; C, fine dust-treated.

The data represent the meaniSD of one separate experiment (significant
as compared to control. “p<0.05, “p<0.01).

%52 AT LPSE A58 AFw

G2 nHA] &5 3|

S A=A U2 A ZE o] 83 Al o] APNOo) 4
M= HEFFE2 1,000 pg/mLol| A 68.86% L 66.45%2]
29 A4S YeEdTh 31 INOS © A 100 pg/mL
rc

s A 97.49%2] AA|&o] YERST). Z2H A 3 (HaCaT)
E ARG AE 54 BAMIT assy)oll A, AE AEELS
10 pg/mLollA A8 s|A] 2 tlx2wte] AlxE AE&T
AVSFA T T3 western blotting ©- 2 MMP-12] 9JA]&-2- &
Attt FrHHoz Algt 35 MEQ] HaCaT cell#}
CCD-986sk cellZ PIAHA] &F T35 A% benzo[e]pyrene
BP) o2 A5 ¥ HEE FE5< Al A549 Al

XEo] FEE o AR} MEYEES SH 3
anti-pollution &-5-5 <13t} Benzo[e]pyrene o2 A=
3k Al EE 25 pg/mLe] FEo|A HaCaT cell®} CCD cell
717} 92%, 81% ©17de] A g7E Bolm, nAUA =
A3 Al EE 25 pg/mLe FEol| A HaCaT cellZ} CCD
cell Z} 85%, 76% ©]’d<] 71 aoE BT e JE
2] 70% A& FE52 PAHA] Apd SPgE DA =A
o] 3= 2 715A a7} S Ao AlRdEH.

B A3E ZhuA7)g R
(A 3 S2746447)2] Aol 23] 3= em, o]
A=Y
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