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Purpose: One of solar radiation components, ultraviolet A (UVA), has
deeply penetrating capacity and generates reactive oxygen species (ROS)

05029, Korea in the skin, These characteristics arouse oxidative stress in dermis, such
Tel.: +82 2 2030 5181 as photoproducts, senescence, cell death, inflammation, and alterative
Fax: +82 2 2030 5179 gene expression, Thus, UVA is considered a major factor of external
Email: kjahn@kuh.ac.kr stimuli that irritates the skin, This study aimed at investigating the

X antioxidant and anti—inflammatory effects of ellagic acid on UVA—
ﬁz::rie;zgdxi}; 176‘2?)ng irradiated human dermal papilla cells (HDPCs). Methods: The cell
Accepted June 98, 2016 viability of HDPCs were analyzed using the water—soluble tetrazolium
Published June 30, 2016 salt (WST—1) assay. 2,7—dichlorofluorescin diacetate (DCFH—DA) was

used in evaluating intracellular ROS scavenging activity. All the mRNA
expression levels were carried out via quantitative real—time polymerase
E E chain reaction (QRT—PCR). Cellular senescence was evaluated using

1 senescence—associated B—galactosidase (SA—B—gal) staining kit. The

- wound healing assay in HDPCs were performed to assess effects of ellagic

acid on the cell migration activity., Results: No cell cytotoxicity of ellagic
acid was observed at concentration up to 25 uM, In irradiated HDPCs,
ellagic acid showed protective effects on UVA—induced cytotoxicity.
Further, ellagic acid represented ROS scavenging activity and regulating
antioxidant gene expression, catalase transcriptional levels under UVA—
irradiated condition, It also modulated tumor necrosis factor alpha
(TNF—a) and interleukin 6 (JL—6) mRNA expresison levels and cellular
senescence on UVA-—stimulated HDPCs, Cell migration assay showed
the protective effects of ellagic acid on movement of HDPCs damaged by
UVA. Conclusion: These results demonstrate that ellagic acid protects
UVA—induced oxidative stress in HDPCs,
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Introduction &A1) 351E g (Wondrak et al,, 2003; Bickers &

Athar, 2006; Cha & Kim, 2015: Kim et al., 2015). A+JA

g2 3714 §39 A oR JAdElo] Stk ApeA of o3 AdE /g4t Al YiollA] DNAS &44AI71 ALY

& 2 3] Wt ultraviolet A (UVA), ultraviolet B (UVB),  @5HH-E f=3P7]% ahal, 747 Hdo= g3 71A=
ultraviolet C (UVO)Z UH=d], o|2oA= 713 71 oA Aoz A A Qch(Vile & Tyrrell, 1995).

(820—400 nm)E 7HA1L Y= UVAE= A EHo| =d3l= A} 017t 285 A*E(human dermal papilla cell, HDPC)=

9)49] 95% ol Ak glom 2 B og ui X AfotMl2e] dFor F7|H o7 Y= o] s 2

4S7HA] AFsto] BAALE st A7|HeR s wR Aot 2AAA 9T sh= AR g#A ot (Inui et
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al., 2003; Gao et al., 2008; Shin et al., 2016), =45 A3
£ myo] S FEIT AHRAAAE Bulstel By
g s 2Eske AlZE Hyshiel YAk gl
(Driskell et al., 2011) =4k YA =712 HH oz 23t}
(Choi et al., 2012), 0|23t olf-= Bmol FAH W A
B9 AEA F2 A7ED gt

Ellagic acide 23} A7, 53 SolM 2= &
His GOz A7t Aok AlEzollA] FAlFol o't &4 Al
o 7188 FAek Tl wd 28o] oet ABATI 3
tHGarcia—Nifio & Zazueta, 2015; Soong & Barlow, 2006
Plundrich et al,, 2013), 17t} 55 iAo 2 AESHE o]
4L YT AT W SBAT AgATETo) gy,
EaRo], AR, AlZAET oSS AsfistaL of |
o= gt FHlolglA T avtel Ayt HAs = et
glof, 7, B, AFEZ 5ol fag a9 Hel Aew o
A thZahin et al., 2014; Rehman et al., 2012; Li et
al., 2005; Khanduja et al., 2006; Abuelsaad et al., 2013;
Park et al,, 2014; Soh et al., 2009; Dhingra & Jangra,
2014; Malini et al,, 2011; Kwak et al., 2005), ©}=0], A
Vol 4 TRt Alol=7hel, AR, RAEA, a5 U
< 24ste AR IEA = RhHo) A7 Ao gk A
T2 of27hA) wlulalet, whaka] 2 s, UVAS] olgt AlsiY
AEY AT} St BGE A2 &A1 ellagic acid9] Al
32 B3 7|14 sl &t

Methods

1. M= HHF AR X2

OI7F 85 Al3E(Innoprot, Spain)= Dulbecco’s Modified
Eagle’'s Medium (DMEM; Hyclone, USA)o 10% fetal
bovine serum (FBS; Hyclone), 1% penicillin 100 IU/mL,
streptomycin 100 pg/mL (Invitrogen, USA)& =3¢t vjoF
HiZ|E o]-g3to] wjeFstslaL, 37, 5% CO,7F F-AIE= Al
ZujF7] Woll A vigFetitt, A" ELFEH Y ellagic
acid (Sigma—Aldrich, USA)+= dimethyl sulfoxide (DMSO:
Sigma—Aldrich)ol| -&-afiste] Azl A z]stsict,

2. UVA EA}

UVA ZAJo|| OFA, Q17 B9 N ZE A ufjeF HAlof] &
datA B AlE] BHE=ZF 90%7F B w7t mgAIR]
o} UVA A+ A4, s gFejA|E A ASF3L phosphate—
buffered saline (PBS) 84& o]&ste] vjFgAlof dofsl
L iR AR S AANET. N2 PBSEAL ok HAlq

192

A3, UVAS 2ARH UVA 2AH= DeE 2A17]7] Yol
A UVA 91= (UVP, USA)E AMgsto] o]fojfle}, =AY

L fiberoptic spectrometer system USB2000 (Ocean
optics, USA)E AME3to] ST, ZA7F B A%,
PBSEHE AATL wijduiAE dof wjd7]olA 24417
S 7t Rt o] %o Aol ARE-SHAT

M ZAYZH-L water—soluble tetrazolium salt (WST—1)
HH(EZ—Cytox Cell Viability Assay Kit: Itsbio, Korea)
< A8t S5kt WA ellagic acid®] AEZ54S &
Asl7] Y&l Izt m{F HZES ellagic acid (0—-25 uM)
£ 24X AEste AEZEGE ERlEtglon tgos
UVA] 23t A ZATE A aIE Lot 7] 3 ellagic acid
£ 6AIZF AA 2] £ UVA (20 J/em?)E 2AFSH] Al ZEE
< ZRIst, WST—1 Alek2 uljeka<l Alzzufek Al
7F5ke] 37T oA 1 h 8jSF &, microplate reader (Bio—Rad,
USA)E ©]&3t] 490 nmollA| FE=E SHse S 5
o NZAEES Rlstt 47 33 viESA & Pt

FHAE BEste] Aot B Ag St

4, M= L gdiia =3

A Y 44k S0l EgAIQ] 2,7-dichlorofluorescin
diacetate (DCFH-DA)<& AR&3Ht 42 flall, v
Ao 25 uM DCFH-DA & #7}18te] 37 ¢ollA 1 h5<t vl
oFstgon Wkl7l== BD FACSCalibur (flow cytometer:
BD Biosciences, USA)E ARE3Ste] of7|a}At 485 nm, &
a2} 535 nmE 2439 th N—acetyl—cysteine (NAC)= A
Ao SR TR AREE ST

5. RNA =& U cDNA M=
T AFA|EZE= Trizol reagent (Invitrogen, USA)
5lo] 83 =, 0.2 mL chloroform (Sigma—Aldrich)
of oA ¥rSAIFTH ¥Hgo] EuU 12000
rpm, 4C RALE 2087 GA Egste] Taldo] 234 st
TH mRNAZF Z3Hd A5HS 25l 45 0.5
mL isopropanol& F7}ste] ThA] 1087 4204 k&
AR 108 3, 12000 rpm, 4C A Z AR5}
RNAS HAAZ|3L 75% ethanol& ©]-&3te] AAE RNA
£ o] Wi Ao AxAFY, A2H mRNAE
diethylpyrocarbonate (DEPC; Sigma—Aldrich) water®
=o] Ao AHgstg o, 5% RNAE MaestroNano®
microspectrophotometer (Maestrogen, USA)S o|-&3}o
260 nm/280 nm9] ratio 1,8 o]A49] £&=9] RNATHS: A

2id

e
)
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UVA7} REsh= A5t AE™|A0 Ellagic Acid?t O|Xl= Q17 2RF MZ HSS0t

Fol| AF&3ITh cDNAL PCR tubed] 1 ug RNA, 0.5 ng
oligo dT18, DEPC water& total 10 uLZ2 A= & 70C
oA 1087t Hsle] RNA HAS 4= o M-MLV
reverse transcriptase (Enzynomics, Korea)< ©]-83}¢]
37ColA 1AIZE BHG-A1AH cDNAS $/dsh3itt.

6. AR RXix} Y £S5 U £ (Quantitative real-time PCR)
Ellagic acid=2 I3t Al 22| AL Tde 24517] $i3)
AXZEe 2 FAR} SES ZAF= quantitative real—time
PCR (qRT-PCR)& ARE-3}4tt. Evagreen (Solis BioDyne,
Estonia)& AME-51] mRNA @S AAIZEe 2 HA51%0
o, A= Line—Gene K software (BioER, China)E ©|
&5ttt Aol AR primer A1 E-2 Table 13} Zth,

Ay

7. L= SH

L3N AL LA Z A LEEl= B-galactosidase
S Az o= M= SA—-B—galactosidase assay
(senescence detection kit: Biovision, USA)S AMSIIcH
A, vioke] it AAAIEZE BiAE AASKAL PBS & w2
# Zrouf R dE-S 2 o AlASIEDE o] Fof, A8
0.5 mL& F7Fsto] =20l A 1587t ¥EGAIA S A3
7]a1, ©]o]A 20 mg/mL X—gal M A|eF (staining solution
470 pL, staining supplement 5 pl, dimethylformamide
25 uL)& 0.5 mLA 718t 37ToA 24 h ¥-3-A1ZIch, 24
AIZE 2, AAE M| Z= PBSE 7HEA d7o] & F FEdn]
Zd(AxioVert 200 inverted microscope; ZEISS, Germany)
= AMESt] JAE A E S5k B4

8. M=o|S¥ £d

AZ 9 o]FFs &t H8 AlZolsdE SA5t
APE AASHATY. BRF AEZE AZujgEAed 44
Al B &, s Bt w7l WellA Al DR=7F 90%
7} 8 w7 Ejggi), ol o] 2% FBS7} ZEE HjA )
FHiAE wASt{24 h PGS ek 24 h F, AlEo|
ellagic acidE& Agdl= AES A3PskaL, 200 ul. pipette
tip (Fisher Scientific, USA)2 AME-3lo] AlZH|ASFHA] Yjo

ot e

Table 1. Primer list using quantitative real—time PCR

120 mEA W UA(R0 Jjend) +EA

25 (M)

Figure 1. Determination of HDPC viability using WST—1 assay.
The black panels indicate the cytotoxicity of ellagic acid on
HDPC at the indicated concentrations. The white panels
indicate the protective effects of ellagic acid on HDPC
cytotoxicity induced by UVA (20 J/cm?). Cell viability
was expressed as a percentage of control, and values
represent mean+S.D. *p<.05, **p<.01, and **p<.001
compared with irradiated cells without ellagic acid.

B YA EFS 33] Fofdth, ol 24 h F 10% FBS
7} 325k uljefR] = AlazuieRS Zlgseh, 333kan] 3 (Olympus
Microscope System IX51; Olympus, Japan)< ©]-&3}
of o|u|R & &gstgict, FF3t o|u]| A= oA EAZZT
# ] Image Pro Plus 6.0 (Media Cybernetics)S AR5}
umTHR| 2 Al ZolF AR E S35kt

9. &4

2 A9 2E AYL SHFoR 33 AAsigen, 7
Aof th3}e] student t—testS 083+ p—valueS 3t
SPSS version 17.0& AREslo] 43519t p—value Fo)
0.05, 0.01, 0.001 °J&}Ql A SAACE Fosirtal &4
SHATHp<.05, *¥p< .01, **¥p< 001).

=~

Gene Forward (5—3') Reverse (5'—3’)

CAT ATGGTCCATGCTCTCAAACC CAGGTCATCCAATAGGAAGG
TNF—a CCCAGGGACCTCTCTCTAATC GGTTTGCTACAACATGGGCTACA
=18 GATCCACACTCTCCAGCTGCA CAACCAACAAGTGATATTCTCCATG
IL—6 TAACAGTTCCTGCATGGGCGGC AGGACAGGCACAAACACGCACC
B—actin GGATTCCTATGTGGGCGACGA CGCTCGGTGAGGATCTTCATG

http://www.e—aijbc.org
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Relative fliuorescence
intensity (DCF)

EAWM) - - 10 15 20 -
WA (0 Jfer?) = + + + +
NAC (mM)  — - - - - 2

08

06

04

Relative expression levels of
Catalase mRNA

02

0

*
| [
* I
EA (M) - - 10 15 20

UVA (20 J/enr?) - + + + +

Figure 2. Effects of ellagic acid on antioxidant defense mechanism in HDPC cellular levels.
(A) UV—induced intracellular ROS scavenging effects of ellagic acid via DCFH-DA fluorescence dye. (B) Effect of
ellagic acid on CAT gene expression in UVA—irradiated HDPCs. Gene expression was quantitatively evaluated by

real—time PCR with the 2722¢ method, and data presented normalized to B—actin. *p<.05; **p<.01;

compared with irradiated cells without ellagic acid.

Results and Discussion

1. HDPCsOl|A{ ellagic acid2| UVAO| 2|8t Mz=M HS st

HA Ql7F B&F A|EZoA ellagic acido] &3t A|EZ=A4
< I}, Ellagic acidE 22+ 0, 10, 15, 20, 25 uMZ
AE|sto] 247 Wi & A ZBEES ST 2, AEF
ZojlAs B 540 UehtA] ggtthFigure 1), ©]olA], &
A3t F= 9 ellagic acidE AA 3 Ao UVAE A5}
o ellagic acid®] M RSaIE goll= AFE APt
A3}, ellagic acidE Z}2}F 15, 20, 25 uM AA et Ag+
A UVA AR Q18] 64%7HA] 7rAst Al AEL0] 75,
87, 82%% AZAPHO] g AL AT 4 gict w2t
A, UVAZ} freste A2 54 9 N ZA8% #|8fjof ellagic
acid?] 5% &2 Ax RS FaIE FRIsH3Tt

2. UVAZ Ql5lf MAME EMAtA0f CHSt ellagic acid2| EHAtE}
k=l

APArAae] W2H UVAE Al W) Sg4k0] A4S
T3to] Abgld AEF A9 DNA A4S doyitka Hilgo]
Ak Maverakis et al., 2010; Aroun et al., 2012; Jaszewska
et al,, 2013). WEtA & A= SA 3T AlxEg A
TS HgeR, UVAR Qg A ZEHE B35 ellagic
acid®] &7} Alx f Sd4ta BAFE Adfiste= 71A
I B g Agks 7HEE HE o)E 455 9
3 ellagic acid®| @H4tet a5 gQlst= AdS shaith
11 A}, UVAR Q13 ABAE AE ) EX44E47T ellagic acid
AXEY = gEFog 742 AL AT £ glen,
2 AYY FAHELLE AHEE 2 mM NACS H| ekl
W= ellagic acid7} A3 AALA A A3adts L

[¢]

~|
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***p<.001

BhiS & 4= Ach(Figure 2A), BlE0], DCFH-DAE A
g AFA ellagic acide AFS A AT BE 5=
(10, 15, 20 uM) oA oI5t ZaHE Uehff i, o]ojAl, o
£43) A2 o) F45} 714 sikel CATe] MR}
g dolH 7| 3 qRT-PCRE ©]83t CAT mRNA &&&
RO CATE: Aop) 29271 7 o A

pash 282 GEst 23H B4 3 ShE 2 Ago
*1’“ UVA 2] o3 A2 | mRNA $=20] Zoj53 o,
ellagic acidE A 2o wet 5= 2J&£2 02 mRNA &

o] 27kt A& 8ol SHieHFigure 2B), A7) Atz T},
UVAE 7 BR/-F Al Wollx] 84945 A sHARE 84
Akeo] ARE RS AL o) A e Byt A
7= ellagic acide] A T2 7Pl AL £l Ak}
A |27} AZEE 2 st & A7ane )
ellagic acidZ7} UVA7} §E3l= AlSHe] AEFAZRE AL
2 Basie AN} 98S AT

ru$ it

H=XHIS

3. UVAR Qs R=E HSHS0] ellagic acide| SS4E7|H
X5l =2t

UVA AR Q3 f25E= AF584714 ellagic acid7}
H| 2= Y GotE7] flste], hEAQ AFFE At &7k
(pro—inflammatory cytokine)¢l tumor necrosis factor—a
(TNF—a)9} interleukin—6 (IL—6)2] mRNA Hd4+Z2
qRT-PCRZ 3l &elstaitt. TNF-a= 424 52 ¥
A 279 5 SR8k, AlEZ FFo w2t AE A
g, $4 4 235 EZ3deke ot v A= #ut of
yzt, dAAIZe} NKA|Z(natural killer cell) 52 A3}
Al7IH M2 2@ WHIHE of7|gth(Park et al, 2002:
Zheng et al., 2016), Ati7} A7HEu|AAQIAH autocrine

http://dx.doi.org/10.20402/ajbc.2016.0048



UVAZt RESh= A8t AE

8r = TNFa
= L6

Relative epxression levels of mRNA

EA (M) - - 10 15 20
VA (20 Jfen?) - + + + +

Figure 3. Suppression effects of ellagic acid on immune
response via regulating pro—inflammatory cytokines
expression,

TNF—a and /L—6 was used in this experiments, and
each gene expression was normalized to B—actin. Gene
expression was estimated using quantitative real—
time PCR and expression was calculated using 2722¢,
*p<.05; ¥p<.01; *p<.001 compared with irradiated
cells without ellagic aC|d.
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Figure 4. Inhibition effects of ellagic acid on cellular
senescence in HDPCs.

Cellular senescence measured using SA—B—gal assay.
**5<.01; ¥*p<.001 compared with irradiated cells
without ellagic acid.

growth factor)9] AAAZ 28317 =
ko] Y8 AetT o] RAFPE BT EYr] Yot
AV WS 7| Aoz A QloHLaurikkala ef al.

2002). IL—6= 4 €% &= f&stH mgoxe= 714
A2 FAZ Asfistar 2o E3|E 7HESH) 7 AeR
H3E v} QthKwack et al,, 2012), Figure 3°|A] B+ u}f
2} Zro), 217 B{-F A3 ellagic acidE 10, 15, 20 uM A
Agstil UVAE 2ARE 23, UVAR 18| TNF—-a®t IL-6
o] mRNA do] Fx2] djztof vste] zk2 6.4 (£0.4)
Hli, 5.1 (+0.2)8] 7kt A& gRlIstel e ellagic acid A4

2 S o2 0w §ojm9l vt ekt olefat Ak,

sheA oAt

http://www.e—aijbc.org
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Figure 5. Effect of ellagic acid on cell migration activity
under UVA=irradiated condition.

The scratch images captured after 24 h, using an
Olympus IX51 microscope. *p<.05; **p<.01; **p<.001
compared with irradiated cells without ellagic aC|d.

ellagic acid7} UVAR Q3| =5+ AYeksa ASA47]
Aol QoA MZRZaTE 7HIES YgFsh, 53] Z8-F Al

oA o] AT sk ofu gt muke] FAHFT| o= FFS
o3& 4= loke JS AAlskAL Qlot

4, UVA XM2|E 2R
O|Xl= g

Aol W2, UVAE A2 f E4d4k40 S
o718t MZo] w32 S E3tHYang et al, 2015). wat
A 2 AR T BR{F A4 UVA ZARR Q18] 34
8= Alazieste] ellagic acid7} PIX]& S ARNEY
o}, SA-p-gal kitE ©]&3to] A|lZ3E SRIgH A}, 20
J/em’Z UVAE ZARFGZ W, 60%0]/32e] Alzo|Al AlZ
=3 #EEJAT, IHY ellagic acidE 10, 15, 20 uMA
ZollS i = YEHOE A|EZ3}Ho| ATl UEte
o, o]t A= AdsT HAoA FYFoR I}
(Figure 4), wWetx] 2 AFATE HIgo R 7 BR/-F Al
ZoA UVAZ} f-Esh= A|Z3HE ellagic acid7F 348 2
2 Agfste As & o Aol =5 A5 F8 A
7)70] W& XIThH A|iZ =3t Asf| avlol disf A|A 2l At
Hu7t 7bsd AC 2 Alr €t

= MI=0lM ellagic acid?t M==5}of|

5. UVA xz2|g 2zt BR]F
o|S=0il oixl= S&

Alz2] AR 9l o] FHBE EeIst] fiste] Al o] FE &
A AYS s A 3 5 2443k0] At 2IEE Al
29| o]F52 YA ZEZE 200 uL pipette tipS ©]-§stq
Folde =N BYE FAEZ G (&I A)o| Lokt W3t
Ue=A], Fekdn| B3 ojw| A EH 22 M S ANSt] St

MIZOIM ellagic acid7} M=

195



Protective Effects of Ellagic Acid on Human Dermal Papilla

$om Aik= Figure 59 2tk UVAE 2ARE AEFolA=
FAE izt vl A=e|A] 714 0] 2,58 o] WA e
U A|aZg/o] gk4ds] ghastar, Alize] o]FsE o] d|sHA
ZEol& AZ AT & AUk, o]ofA, ellagic acidE AA
3t UVAE A A2 AL ellagic acid & o9&
Aoz Zragt 2383 1H4E Yele, ol=3t 29E &
al], ellagic acid7t UVAZ <Q13j| QIZF H{-5F Ao {23
£ 2EHAE AT A2 BT} olFFolE It

uAE e AFs,

Conclusion

£ A= UVA AR Q8| A5t AEH A7 fdrd <l
7t 2G5 A ZoA ellagic acid®] MEZEE EIE 3213 7
072 ANzEY, 4t B, dF4 HoEke, AlZk=3let
Az 9] ol5Fol sl Agste] 25 AUt WA A= A
288 4% A2, ellagic acide UVAY gt A%
A& sEYEH o Agfstglen UVA 2ALE QI3 f2
= AlIZ W B4R B3 FA t27Q] NACY] H|ske] Az
0] gle s=olA afE o g A= RS I 4 3
oth, TlEo], qEAQ FAkSE G409l CAT S 2Hd
Asto] A|iZ f ZAdAkae] tisto] 21 &2 7 H e s
3} 7™ FaFE mAE AE 4SS o2 UVA
AR QIS fFEEE A5 "R nX s 9% &
517] 95t BS54 Aol EFFQIQI TNF—a2t IL-69] §-4A;
S AYe 2n, 22 A= Aol AUARE =2 AFol
283t ellagic acid®] =0l Q& o2 Wdo| Adf== &
5 gelste] G571 2ATE RISk olojA
AN|Z=3ke} A28 o]55 HIE Yoti= AES B9, 5
Mo R w3t autel A=l ot NZ2EY AaE
o2 A7 AE SIS = Rl AHo=,
A7 ATE E3l] UVA AR 013 AksHa] AEF A7
e 7F BGF Ao A ellagic acide] AIZR S ai-E
i

DES

1

oot
N

2

do fr o

References

Abuelsaad AS, Mohamed I, Allam G, Al—Solumani AA,
Antimicrobial and immunomodulating activities
of hesperidin and ellagic acid against diarrheic
Aeromonas hydrophila in a murine model, Life
Sciences, 93. 714-722, 2013,

196

Aroun A, Zhong JL, Tyrrell RM, Pourzand C, Iron,
oxidative stress and the example of solar ultraviolet
A radiation. Photochemical & Photobiological
Sciences, 11: 118—134, 2012,

Bickers DR, Athar M. Oxidative stress in the
pathogenesis of skin disease, Journal of Investigative
Dermatology, 126:. 2565—2575, 2006,

Cha HJ, Kim YJ, Procyanidin Bl regualtes matrix—
metalloprotease 1 mRNA expression using JNK-—
AP1-TRE axis in normal human dermal fibroblasts,
Korean Journal of Aesthetics and Cosmetology, 13:
761-765, 2015.

Choi SJ, Cho AR, Jo SJ, Hwang ST, Kim KH, Kwon OS,
Effects of glucocorticoid on human dermal papilla
cells in vitro, The Journal of Steroid Biochemistry
and Molecular Biology, 135: 24—29, 2013,

Dhingra D, Jangra A, Antiepileptic activity of ellagic acid,
a naturally occurring polyphenolic compound, in
mice, Journal of Functional Food, 10: 364—369, 2014,

Driskell RR, Clavel C, Rendl M, Watt FM, Hair follicle
dermal papilla cells at a glance, Journal of Cell
Science, 124: 1179—-1182, 2011,

Gao J, DeRouen MC, Chen CH, Nguyen M, Nguyen NT,
Ido H, Harada K, Sekiguchi K, Morgan BA, Miner
JH, et al, Laminin—511 is an epithelial message
promoting dermal papilla development and function
during early hair morphogenesis, Genes &
Development, 22 2111-2124, 2008,

Garcia—Nifio WR, Zazueta C. Ellagic acid:
pharmacological activities and molecular mechanisms
involved in liver protection., Pharmacological
Research, 97. 84—103, 2015,

Inui S, Fukuzato Y, Nakajima T, Yoshikawa K, Itami
S. Identification of androgen—inducible TGF—betal
derived from dermal papilla cells as a key mediator in
androgenetic alopecia, The Journal of Investigative
Dermatology Symposium Proceedings, 8: 69—"71, 2003,

Jaszewska E, Soin M, Filipek A, Naruszewicz M, UVA—
induced ROS generation inhibition by Oenothera
paradoxa defatted seeds extract and subsequent
cell death in human dermal fibroblasts, Journal of
Photochemistry and Photobiology B. Biology, 126:
42-46, 2013,

Khanduja KL, Avti PK, Kumar S, Mittal N, Sohi KK,

http://dx.doi.org/10.20402/ajbc.2016.0048



UVAZt SESh= LSt AE|IA0 Ellagic Acid?} O|X|= 212t 2RF MZ 2SS0t

Pathak CM., Anti—apoptotic activity of caffeic
acid, ellagic acid and ferulic acid in normal human
peripheral blood mononuclear cells: a Bel—2
independent mechanism, Biochimica et Biophysica
Acta — General subjects, 1760: 283—289, 2006,

Kim KB, Jo A, Cha HJ, Shin SH, Lee JJ, Lee HK, An IS,
Synergetic effects of sericin and alpha—mangostin
on anti—wrinkle effects, Korean Journal of
Aesthetics and Cosmetology, 13: 729-734, 2015,

Kwack MH, Ahn JS, Kim MK, Kim JC, Sung YK,
Dihydrotestosterone—inducible IL.—6 inhibits elongation
of human hair shafts by suppressing matrix cell
proliferation and promotes regression of hair follicles in
mice, Journal of Investigative Dermatology, 132. 43—
49, 2012,

Kwak HM, Jeon SY, Sohng BH, Kim JG, Lee JM, Lee
KB, Jeong HH, Hur JM, Kang YH, Song KS, Beta—
secretase (BACE1) inhibitors from pomegranate
(Punica granatum) husk. Archives of Pharmacal
Research, 28: 1328—1332, 2005,

Laurikkala J, Pispa J, Jung HS, Nieminen P, Mikkola M,
Wang X, Saarialho—Kere U, Galceran J, Grosschedl R,
Thesleff I, Regulation of hair follicle development
by the TNF signal ectodysplasin and its receptor
edar, Development, 129: 2541—-2553, 2002,

Li TM, Chen GW, Su CC, Lin JG, Yeh CC, Cheng KC,
Chung JG. Ellagic acid induced p53/p21 expression,
G1 arrest and apoptosis in human bladder cancer
T24 cells, Anticancer Research, 25. 971-979,
2005,

Malini P, Kanchana G, Rajadurai M. Antibiabetic efficacy
of ellagic acid in streptozotocin—induced diabetes
mellitus in albino wistar rats, Asian Journal of
Pharmaceutical and Clinical Research, 4. 124—128,
2011,

Maverakis E, Miyamura Y, Bowen MP, Correa G, Ono Y,
Goodarzi H, Light, including ultraviolet, Journal of
Autoimmunity, 34:. 247-257, 2010,

Park JG, Yuk Y, Rhim H, Yi SY, Yoo YS, Role of p38 MAPK
in the regulation of apoptosis signaling induced by
TNF-alpha in differentiated PC12 cells, Journal of
Biochemistry and Molecular Biology, 35. 267—
272, 2002,

Park SW, Kwon MJ, Yoo JY, Choi HJ, Ahn YJ. Antiviral

http://www.e—aijbc.org

activity and possible mode of action of ellagic
acid identified in Lagerstroemia speciosa leaves
toward human rhinoviruses, BMC Complementary
and Alternative Medicine, 14: 171-178, 2014,

Plundrich N, Grace MH, Raskin I, Ann Lila M, Bioactive
polyphenols from muscadine grape and blackcurrant
stably concentrated onto protein—rich matrices
for topical applications, International Journal of
Cosmetic Science, 35. 394—401, 2013,

Rehman MU, Tahir M, Ali F, Qamar W, Lateef A,
Khan R, Quaiyoom A, Oday—O-—Hamiza, Sultana
S. Cyclophosphamide—induced nephrotoxicity,
genotoxicity, and damage in kidney genomic DNA
of Swiss albino mice: the protective effect of ellagic
acid, Molecular and Cellular Biochemistry, 365:
119-127, 2012,

Shin H, Cho AR, Kim DY, Munkhbayer S, Choi SJ, Jang S,
Kim SH, Shin HC, Kwon O, Enhancement of human
hair growth using FEcklonia cava polyphenols.
Annals of Dermatology, 28: 15—21, 2016,

Soh PN, Witkowski B, Olagnier D, Nicolau ML, Garcia—
Alvarez MC, Berry A, Benoit—Vical F, In vitro and in
vivo properties of ellagic acid in malaria treatment,
Antimicrobial Agents and Chemotherapy, 53:
1100—1106, 2009,

Soong Y, Barlow PJ. Quantification of gallic acid and
ellagic acid from longan (Dimocarpus longan Lour.)
seed and mango (Mangifera indica L.) kernel
and their effects on antioxidant activity, Food
Chemistry, 97. 524—530, 2006,

Vile GF, Tyrrell RM. UVA radiation—induced oxidative
damage to lipids and proteins in vitro and in human
skin fibroblasts is dependent on iron and singlet
oxygen, Free Radical Biology and Medicine, 18:
721-"730, 1995,

Wondrak GT, Roberts MJ, Cervantes—Laurean D,
Jacobson MK, Jacobson EL. Proteins of the
extracellular matrix are sensitizers of photo—
oxidative stress in human skin cells, Journal of
Investigative Dermatology, 121:. 578—586, 2003,

Yang SR, Park JR, Kang KS, Reactive oxygen species
in mesenchymal stem cell aging: implication to
lung diseases. Oxidative Medicine and Cellular
Longevity, 2015: 486263, 2015,

197



Protective Effects of Ellagic Acid on Human Dermal Papilla

Zahin M, Ahmad I, Gupta RC, Aqil F, Punicalagin and
ellagic acid demonstrate antimutagenic activity
and inhibition of benzola]pyrene induced DNA
adducts, Biomed Research International, 2014:
467465, 2014,

198

Zheng C, Zhou XW, Wang JZ. The dual roles
of cytokines in Alzheimer’s disease: update
on interleukins, TNF—-a, TGF-p and IFN—y,
Translational Neurodegeneration, 5. 7—21, 2016,

http://dx.doi.org/10.20402/ajbc.2016.0048



UVAZt SESh= LSt AE|IA0 Ellagic Acid?} O|X|= 212t 2RF MZ 2SS0t

UVAZ} SE5H= ASIE AE A0 Ellagic AcidZt O|X|[= QIZt BQF ME ESED

Al 51452 23 23
AAS, I RIS, At

8
SASSE GRS TR, AL,
gRTRTATA, FYRE 3R, U

2x: glokgs TASk= AR Z shukel UVAE 1)) A EAJAMA (reactive oxygen species, ROS)E AJAlsaL o] Z14:3] I &
. olEEt EAL 1w Fof FEAEFEI AELS) Al AP, s

AStA AEHAE fEgith mEby, UVAE ZRE A=F6He £ 9RAAR AR L gtk £ A7) E4L2 UVAY 9%

A= ellagic acid®] Akst E g G35 A7t B{F NZE o|83te] ERIstTt,

HhH: Az P22 WST-1 e o] =335}9. 2, DCFH-DA & ©]&3t Al W &4t

£ Aol AlFE ZE mRNA qRT-PCR= §3l 24515 om AlZedh= SA—B—gal HES

AlEzo| 55 48 53l ellagic acid7t HDPCO] o]%5-59) H] A= FaFS gotR sttt

ZA3}: Ellagic acid 25 pM7HA] A ZEAL SRIE|R] 9Fgro ) UVAR Q13 Al ZEA 9] ellagic acid7} B 58k G11E SRelatgi),

ojEo], FAkst mAl CATS A HEHSIE FEdhe antel A2 U E94aE a7ske autE A8 B9 dSstart

ot ofg}, UVA AR QI3f Wdo] 371t A=A, TNF—o, IL—69] mRNA T@ £5& 2Hsk= 202 UegeH

UVAZ Q3] &4 Al29] A2 o553 Bodhe Aol= 5924 a7t 9132 &I 4= 9%t

Z2: B 1AL ellagic acid7} UVAR Q8] SEEE A5t AEHASE BIsM= IS Q7 HO%E AZE 0|83l 9=

atglct,

g
rd
flo

SHAl0f: UVA, Absta] 2B A QZF BGF A2, 43, Ellagic acid

ral

T

718 ol ABlE, AL, o] o]d7, 9kl SericineT} alpha—mangostin®] FEIHA ASaE T} gt/ H o) 8 55]X],
13: 729—1734, 2015,

stz 719F, A7 T G-GotH| oA ZHoF A EQ] procyanidin B19] JNK—AP1-TRE axisE E3%F matrix—
metalloprotease 1 DHZXH v|z|= &, Hffelz/Zr]£543]%], 13: 761-765, 2015,

e

http://www.e—ajbc.org 199



Protective Effects of Ellagic Acid on Human Dermal Papilla

R HE

Ellagic Acid¥fUVARREHEFHIA KA I LSRR R R RIP(ER

SHON, BINE, BRION, REE™
'BEAFR EMIFH, &R, HE
BEAFERAZERN, B8R, HE

B E R BRIRARRIFHZERT, SEI0E BN, HE

B8Y: UVARILUFARBCRERIA L SR, EIZEHEIAElagic acid JUVARREHES SRR AGEIL L AInEt &
MAR,

FiE AR4TFEE WST-1 A7ERIA, FIF DCFH-DA FRZSAREMEM SR BRREES T, FiB mRNA RAEIqRT-PCR /5%
o, HREENFIFASA-B-galRINAE, BIHHEREEIEEN DN, Hitellagic acidxt HDPC 4RREAYFE ThAE 1= RIFEMH,
3. Ellagic acid BUREE25 uMULTREY, &EEIMAES %, Ellagic acid ¥ UVA A SHENMEERRIPIER. @Ik
KWIERRTY ellagic acid EFSMELES, B, SRUSHBERNFATERAEIIEESR. Rtz , EEI ellagic acid x4
TEATTUVARRSTTISMMIAIERR, TNF-o MIL-6MERKRAEFRETHR AR FRIFUVA 15 AENAMRE IR RERIT
BEXHIHR,

it BmILINIEEA 7 ellagic acid MUVAIESERIHRIAAGESL LA/, BENEMRMARR.

SRE: UVA, BRI, ABESLKM, XE, Ellagicacid

200 http://dx.doi.org/10.20402/ajbc.2016.0048



