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Q ok B oo A= Hy0y 9 rose bengal® A 2]¥l HaCaT Aol oA isoquercitrin®] AI¥ B3 &35 ZAFSFITH
Isoquercitrin®] I|4- AGAIAR O R EFR 4 B 2| XxFS Alxsty YA=7], xJas 9 95 55 T3 595
H7V8FA Isoquercitrine HaCaT Aol thal] 50 uM 2] sTollA 548 YeRfA] @i3kct 5 mM 2] H0, 25 uMe
rose bengal® HaCaT AIXE A 2|3F3& W isoquercitrin AFs}d &Akoll tdsto] F & &4 (625 ~ 50 uM) o2
AE RS G5 YeRIT 0.03 % Isoquercitring B4 3 ol EFS] 92k 2715 222,85 nm, EHEES 82.26 %A
t}h 003 % isoquercitrin 3 AEFS A § 257U Bt s, A3t A A71E FAEA A% T2
AR A7 EFS At grFoy deke Sdox B} 9%k 33 Fi5g BTtk 0.1 % Isoquercitring
HA % ' g 2F0 HA o] AF2 At 271(341.2 nm), 7PAEAI(59.89), EHEE(54.3 %) H HRFIF (7]
A3}eE tiv] 544 %) ER1e F8l AAA o AE/dAL] vlEo] 85 ¢ 1591 AFPo] 7P sk v Y xS AHUS

el

Abstract: In this study, the cellular protective effect of isoquercitrin against HsO, and rose bengal-indued HaCaT
cell damage was investigated. The ethosome and elastic liposome for enhanced transdermal delivery were prepared.
Particle size, loading efficiency and cumulative permeated amounts of them were evaluated. Isoquercitrin didn't show
any characteristic cytotoxicity at 50 uM. When HaCaT cells were treated with 5 mM H:O; and 25 uM rose bengal,
isoquercitrin protected the cells against the oxidative damage in a concentration dependent manner (6.25 ~ 50 uM).
The size of 0.03 % isoquercitrin loaded ethosome was 222.85 nm and the loading efficiency was 82.26 %. The ethosome
loaded with 0.03 % isoquercitrin was stable and maintained the constant particle size for 2 weeks after being prepared.
The ethosome exhibited more enhanced skin permeability than general liposome and ethanol solution. The optimal ratio
of lipid to surfactant of 0.1 % isoquercitrin loaded elastic liposomes was observed to be 89 : 5 through evaluating par-
ticle size (341.2 nm), deformability index (59.89), loading efficiency (54.3 %), and skin permeability (54.4 %).
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e A wFEH o] I|FoA = BAAAF (reactive
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2 &g faehe Fo3 FdAkeE 0 -OH T
o7 deA Ut 59 =
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I 5 Aol oA 10,0] collagenase?] #E-S Gk
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t}, o]g 3t 4tsld AEYAV} Al&GEE AEZ W FHo]
I AAe R vz 5 W odehd 449
95137} 7HES ke th weba] 95 eskE A A
Aat7] S = T F-elA AdE GRS &
AAGt] SR TE AL Y 245 BT
FakskA] o] 28kt 10-13].
sT32E 7Y 24 23], 19, JsHAY
Uz 5 Utk o] F x99 7P g Ee= 7
de Xl v o]l EAET o= 2t

= 9142
FE oy 9 RS REshs T3 43S 3
Aoz
3

=1 [ o
O, & o] 1 ¥h-g-Ado]

OEEE

S T WA O
2 K orlo ox
|o

b
rr %o
rr

o o [0 &

U Jo fi o

WA e WREsl glo) Folaclew

N, 0 oo rlr Jl m o
“ oz M iz

so T
2 cic
o "7 oi
2 o
P “i‘ it
F&' HU o4
—; > oX
=t M
=
o —
o A
of\

o
i
-
ox
il
2 F
39
2
X
Kl

5
ol

2

e o
K

N

sl

-z

10

o £ W
ey

o 32
£
=
o
I ox
W
)
e
kel
o

rfr; o
- of
2l
i

3
X
()
o
ol
ofj
L
1o
(I
)
i)
e
2
o

&
o
fol
ifo
ol
N Lo

2 o
§2 fL
s
&
e
oL
o
2N
gy do ot lor
-0,

3971 wrh16,17]. o1&
thoksh wheto] ol tEoj gl
TS ol7] Yste] R A

= 5 I~
Z Bpg ¢ 9l s

e X
fol
)
¢

ook N Ry F%HEJE-H—W

I A o
PR ox
N .
o, ato) .
kel oL
o ox
10 M
o 1o
-z plo
lo

o

-

>
o
)
oft
=
)
=
1
=)
i)
of\
o

£

ShalEsks|x), A 38U Al 2 T, 2012

oL

Figure 1. Chemical structure of isoquercitrin.
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of EASTH27]. tEZAQ ZER 0] =F = querce-
tin(3,3'.4'.5,7- penta- hydroxyflavone)©] it} ol&= 7
35t bl 248 FAF, de Fes) T sk o
3159 92 72t Zow deA Qv 28], Isoquer-
citrin (quercetin 3-O- 8 -glucopyranoside) < quercetin
o] wiFAo]th(Figure 1). ©]x¢] A -ollA isoquercitrin
< A A[29], FEF[30] 2 kst 24[31] 5 A8
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Isoquercitrin®] A% BE 23} 9% F5 & 93 Y2F AF A7 105

EFUISlaL, UVB ZAF] &8k HaCaT A2 &4 9l
AME T AL BT G} JSS Felgt vl Av32].

2 AT = A7 AJEQ isoquercitrin®] AHshd A~
EgXo] Ot AE 25 g3E Lol ] $I3Fe] HaCaT
Aszol FE7HA1Q) rose bengal A& S Ea 10,8 A

AZIAY HoOx8 AHelate] Absha] &5 fEste] o]
of st Alx BE gyt AEAE Il =5
isoquercitrin®] 4§ S5 SIS Y3 o]F EX|3 &
d B EEY A EFS Azt olE AP JA A7,
YA, 2R ES B 9N S5 el g A E
At o] ATES E3 isoquercitrin®] At3HH AE
2 7oA AE Be giE veRdS g1k iso-
quercitring 3407 IR Z ALs7] 93 APog
A B B EFY EFS] 9 53 58S Brslth

2. Mz 2 diey

2.1. 7171 & Al<k

Age] ARg-sk 1A A<l L- @ -phosphatidylcholine
(egg PC, ~ 60 %) ¥ isoquercitrin= sigma (USA)A}
o] AFS A, olekEd EEEEF 2 &
v AlE SFAkS ARESETE AEel Al FAbel] ARS-sE
CL-1000 Ultraviolet Crosslinker+= UVPAHUSA) A
EF& AMESIITE BXEE AE Ax Aol A S
(Buchi, Switzerland) 2} %53} 9371 (Branson, USA)
E AHgala, Al A A7 ELS-Z (Otsuka,
Japan) & AHg-sto] S7skith 9% b Ay AR
8t Franz diffusion cell Permegear (USA)AFS] 9 mm
Franz diffusion cell (receptor volume 5 mL)¥} V6A
Stirrer 295 ARSIl EF Aol A iso-
quercitrin®] X3 ®&% 9% 53 s S4s7] 9
3] AF23F HPLC (high performance liquid chromatog-
raphy) = Shimadzu (Japan)A}e] A#F& AFE3FITh
HPLCE SHIMADZU (Japan)® LC-20AT pump<®}
SPD-M20A UV-vis detector®@ TFd%o] §lom,
AL Shimadzu (Japan)2] Shim-pack (VP-ODS)
C18 analytical column (5 ym, 250 x 4.6 mm)-2 A3}
Ak BEFe] 7EAY 54E 218kl Mini Extuder
(Avanti® Polar lipids) ¢} Syring pump (KDS330, Revo-
dix Korea) 2] AF& A3k

2.2.1. M|X H{2F

At ZhA A A EFQ] HaCaT A3 Dr. Fusenig
(German Cancer Research Center, DKFZ)EP,—H =
&F whol ARg-ainh Alazuf kel ARE-# 8] (Dulbecco’s
modified Eagle’s medium, DMEM)+ 10 % fetal bovine
serum (PAA, Austria), 1 % penicillin—streptomycin (PAA,
Austria) & &g3sto] ARSI, 37 C, 5 % CO, =71
oA af sl

2.2.2. H,0, Mz

96 well plateel] 1 x 10" cells/well® §2A171 HaCaT
Aol iR &2 FEX isoquercitrin®] ¥ =
A5 ¥l h WY+ 5 mM 0.5 8 miAl & A
2]t 30 min &<t WSSl

2.2.3. Rose Bengal A2

96 well plateel] 1 x 10" cells/well2 ¥-2A171 HaCaT
A3z iR =2 F 5 isoquercitrin®] $-+E Ml
A2 Y¥Ya 1 h viF 3 25 uM rose bengal S &3t Hi
A& Aelste] 156 min AL SF3ATH

224 N MEE =3

M| E AL 3-(4,5-dimethythiazol-2-y1) -2,5-di-phe-
nytetrazolium bromide (MTT, Sigma, USA) assay=
=3 slg ) Aolgle AHE 2] mitochondria dehydrogen-
ase?] 8& o] &3ato] et 584 7]HI MTTE
Aol H|4=84 formazanO E WA= W o R
A E formazan®] > AolSlE Al el vl St

HaCaT Al¥ZE 96 well plateo] 4] 24 h =<t 37 C,
5% CO, £0E 2 wigket & 7} FEHE iso-
quercitring A3 AE] 5 mM H,0z, 25 uM rose
bengals A2l 3F3ITE A= AE] ¥, 24 h FF wjgFst
MNEZ PBSE AlFH3stal MTT €92 pug/mL)S 37}t
3t 3 h &<t WA &, A E formazans DMSO
of %o 570 nmellA A3k

OMFAE A E SHA ¥ H|ERARNS ST S
2 319 100 % 71e o2 Fot AtiARl AE BEES T
shlth AlEE AHEehA ¢ 2ARSS U ET o R

spalom, Ao BEES thae] Al wet Arkssl

Az FHbre] SYE
EESEE S

ool

NEBESE (%) = % 100
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2.3 MY M=

2.3.1. IEE M=

NEZE] Az Sk 9 3 WS AME-SFITH 33-
35]. Egg PC (2 %, w/v) %} isoquercitrin (0.01 ~ 0.05 %
w/v)< 50 mL &< v ZEkATe] Ya EREX
10 mL9} WEHE 5 mLE Yol =91t} 1 5o 34 %
47 (rotary evaporator) S ©]-&a|A F7] WS ZdkA
At #7187 SHEEA EekAaa B A7 gk
o who] 90 9% SEFE GANS Wi 27 Ao] L% o]AF
oA 500 rpm &2 WSk AT o] A Aozl
oEFo] F U wdd A7) AXAV HEF & 771
Q34 glass beadE B 23 327]= 30 min 7+ 7}
SER=g

232 B 2|ZE M=

B AT Az EE AP Az} sds W

el oF2 o sPHof oste] o5 o] AZskt)
50 mL & BFe Sk~ 0.1 % isoquercitring -

%, egg PCY} Tego®care 4508 7} TF2 W]4:(100 : 0, 95
©5,90 :10,85:15,80 : 200& Yol 10 mLe E22XE
5% 5 mL wEkZo] gaAZIt) 7] 8= 3 S
715 ol&3to] AAst, oluf Fekiaa Mol X ut
o] A A8¥ gR> AAu= phosphate buffer
(1.6 mM NaH,PO, - 2H;0, 9.6 mM Na,HPO, - 12H,0,
pH 74) 10 mLZ F3lsle] &4 g)LES JAA 7T}
olglAl Lol ' BEFe] A AV1E dHdstA &)
7] 9138to] glass beadE 9L 30 min &<t 534 3H)7]
= 7helFaieh ® e EA A ¢ isoquerci-
trine 1.2 um BEE o]&3to] AAG o, &4 22
= Aol HEF A4 5= 05 % (w/v)°]al, isoquer-
citrin® %+ 01 % (w/v)Z 3

24. 4R 27| EH

gol Zof Balgl 9z} F7)df wpe} Hake
she) ofu 3 AR Hw 2 YA =7
YA ﬂfﬁg thehie) o] o] 43

r tlo 0% X
o Mo
mu Hd oo o rlo o

= ABe A7+ 99 43}7&5—‘5’ 0]9—6}01 ?jx]—flj]
A e Q=847 Otsuka ELS-Z% o]&3to] =43}
At} He-Ne laserS o] 43t0] 24319 0n 9x97)=

HEANE olgalqint w3t JAEE e

ujetaldEste] =), Al 38 Al 2 &, 2012

o

Conting ©]&38to] YARZEE 7319t

25.1. EE =E S8 =H
A E o EF e N 1 mLE FH3H 1.2 ym sy-
rmge filter (Minisart CA 26 mm)f‘L ol g3t 23 A
< isoquercitrine A| AT 1 F ARk o] &3}
ﬂliﬁ‘«] uhS gAY oehES 3l FH)E o
g3sto] SHAZ - Al 1 mL9] oEES YolFt} o]
g7 FHlE AlSE HPLCE ol 84l isoquercitrin®] &%
£ S48tk HPLCE o] &3l W= #t& ool et
w2 (D)ol tiYste] olEFe xda&S Atk
Loading efficiency (%) = {(Cy —Cr) / Coix 100 (1)
Cr : 1.2 ym syringe filters F3sH+] H3ot
isoquercitrin &%

Co © A& ¥Yo]= isoquercitrin ¥ %

252 BV 2|ZE EZXSGE =X

AE B g xE dY dAZS
syringe filterS o]g3lo] €M 2|2 U EHE A ¢
isoquercitring AA 3} I & o er-SS o] g35to] A
YrFo vhs A7 vy CeEe 3 SRS
o] g&3t] THAIZ| AL thA] 1 mLO] oeheS Yol
HPLCE o] &3] ¥4 gl¥xFo] EHE isoquercitrine
Aerstdl w3k 59 isoquercitrin®] AEALS ZHA
sl ¥HA gl EFo| EHH isoquercitrin®] 55 A=
sk, '3 B 2EFY] A &S oheol vl 4 (2)
of &l Alrkereict.

Loading efficiency (%) ={ ( T -1)/ T} x100 (2)

& 2o]F isoquercitrin %
I 1.2 um syringe filterS S3}a}#] 53t
isoquercitrin &%

26. EMM 2|ZZEo| JIHEA =X
Axd B gE2Fe 7}&16“3 B7Fe 913l mini ex-



Isoquercitrin®] A% B3 #g3} vF

ZF= polycarbonate membranes E3}sfo] & @ EE
FHerono] ok =43}31 membrane s £ 13 8] T E 9
272715 F30n ' 2laE 2o B 3 Jaw
x (ry/1p) %l W& S}

Elasticity = Jaux % (r/5)° (3)
Jaux © membranes T3 2]ELS
I, : extrusion ¥ ¥ ¥EF YAV
1, : membrane? 7]¥ 7]

2.1. In Vitro T|5 F1t A& (Franz Diffusion Cell)
EZ BA g EFo| isoquercitrin® I Fi}
Sl ojw st a7 F=A FIs7] $13) Franz dif-
fusion cell& ©o]-&3ste] I T3} HAS 2133t
a5 T Al AR FH o v A
A1Z1 ICR outbred albino mice (8%, &%) 2] &
2 Z3}o] /\}9- stolth A&t 9= AN 2AS
AAE Z AFEEFATE Receptor chamber®l| receptor
phase (HCO-60 : Ethanol : PBS = 2 : 20 : 78
(w/w/w %)) 5 mLE A& F Z}él%ol A= Tt
donor &} receptor phase Atelel FF-5 TAAFHTE AY

o] WY E TG FFExE olgdl 25537 +1 T
2 fFA89 . 7 AR 02 mLE donorE Este] I

¥ 7sk &

phaseE sampling port&

AlZrel] whel uf 3] 0.5 mL2 receptor
&ato] AT AH A5
549 receptor phases receptor chamber®l %3}
o} 23 A B £ isoquercitrin®] & HPLCE o] &3}
of ST 24 h & ZAAF I 93¢ Holl= iso-
quercitrin®] ¥& FAet7] 918l F¢] 975 PBSE 3
3)of] A AlH AT A2 T receptor phased} 4] &
& BES Hehfu F2 5o thél tape stripping H
S o] &3 ZHEZ el Foll isoquercitrin®] %S whE
7t Sl Foksl= isoquercitrin®] &
A3st7] Sl ol E o] &3} % IR AT s
3]

o

o d

=0 T

glo]3Zefl 10 mL2]
22 93 1 h B¢ E—%J} A A 715 o] &3} iso-
quercitring &3t 1 3 3)d =) 2 o] &35}9]
of 28 FAl7]aL FEF49 isoquercitring 0.5 mL<]
receptor phase®l =W It}t. Tape strippingt= A%
$ A To] AA B IH= T8 7HE o] &3l AE
sk At 949 A el Tapest sAsHAl z18yst
gt} o]gA dojH A& £ isoquercitrin®] & HPLC
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Figure 2. Cell viability of isoquercitrin by MTT assay.

2 ol g3l ZYagch

HE A 33 wlEael T

=

SARAE 5 % FolF
Atk

2.8. EAHIAE|
4] Student’s t-testE 3}

.2 =

3.1. Isoquercitrin®| H,0, Mz[of| [HE HaCaT M= E&

st

3.1.1. Isoquercitrin®] MZ =7

Isoquercitrin®] AE HAdo| vX&= L5 FALSH
Ao AHeE s= HY A4S 218l MTT assay &
A5, HaCaT A3E o] thet isoquercitrin®] Al E 543
& S A3 50 uM =N AR AEE] A< 100
% = WFERFOLE, 100 uM SEelA = A AZEgo] 60
% JAEZ MESFE JeEFATH(Figure 2). 2 AT-lA
= isoquercitrin® MEZES 312 =517 Y3 iso-
quercitrin®] %5 100 % J =] AZAYEES e
= H1 5EE 50 uME AR

E >

3.1.2. HO0, == Xz|of| E HaCaTl Mz=Ze| dHE=

2] Aol efs) Wy of *hdﬂ E4E ek 24
Akl H,0,Z HaCaT Al Aow EEHE (1,5
10, 15, 20 mM) A 2l&kaL xﬂi AEEC vA = G
AT 1 mME H0.5 A3 e A9+ HOE A
28hA] eke Aol vl 60 % FE] AE BEES U
ERfISdth 5 mMQl ¢ AlZ =S 50 %5 WER
a7, 10 mM-2 30 %, 15 mM= 20 % ~12] 3 20 mMell
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Cell viability (% control)

Figure 3. Cell viability on H>O2-induced cell damage in
HaCaT cell system. HaCaT cells were treated with 1,
5, 10. 15, 20 mM H2O; and stained with MTT to show
survival cells compared to non-treated group.

120 4

. 100 -
°
E %
6 80
=]
s
2> 60
;:
240
3
20 A
o
H>0> (5 mM) - + + + + +
Isoquercitrin (uM) - - 6.25 125 25 50

Figure 4. Cellular protective effect (cell viability) of
isoquercitrin on HsOs-induced cell damage in HaCaT
cell system. HaCaT cells were treated with 5 mM HO»
and stained with MTT to show survival cells compared
to non-treated group.

A= 15 %2 BESS UERITH(Figure 3). & A7
e 0028 E AXRT g5 F435H7] -4@ HO,
ol FEE50 % AL AX AEES el 5 mME
o]-&-sk3dct.

3.1.3. H0.2 RE=El ME &40 CHEt Isoquercitrin®]
2 &g

59 isoquercitring *]2]3F o] HaCaT Al|XEe]
5 mM HoOp 5 33k viA & Mﬁi . 30 min Hjeka}
o] PBSE A3t 24 h wjekst Axe] AE&S
MTT assayE &3l 5433tk 5 mM H:0.5 &gt
A BEES HOE AEehA] 92 tizatel vlsto]
70 %2 AEES UEMIATE H0, A2 & HaCaT Al

ujetaldEste] =), Al 38 Al 2 &, 2012

T

T

J
5
o

120 4

100

g ™

60
40
» m m
.
25 50 100

N.control 10

Cell viability (% control)

Rosebengal (uM)

Figure 5. Cell viability on '0p-induced cell damage in
HaCaT cell system. HaCaT cells were treated with 10,
25, 50, 100 uM rose bengal and stained with MTT to
show survival cells compared to non-treated group.

Eof 625, 125, 25 9 50 uM 2] isoquercitring A2 $+ 73
L AlE HESL 72, 80, 85 Z 90 %=, isoquercitrin=
5 oA 0 ® HO, Aol ok Alxze] AbEE oA
sk @37t Sl A ox Yebsth(Figure 4).

3.2. Isoquercitrin®| Rose Bengal Xz|of [HE HaCaT
M=Z 25 g1t

3.2.1. Rose Bengal == X2 |0f| = HaCaT M|Z2| A4

HaCaT AI¥E tio =z, Fw3dle glojA B?} 13
2212221 10,8 A A 7] rose bengalS 54 (10, 25,
50, 100 uM) 2 A 2lskal A3 AcH“J‘EE =338kt 10
UM®] rose bengals * 2|3t 749+ rose bengalE *1]
SHA] o2 790l HBH 85 % *% E/] Al AEES Ve
itk 25 uM Q1 A9 ME AEEL 50 %5 YERYSL
a1, 50 UM 25 %, 100 M2 22 %2] <8-S ek
QA tH Figure 5). ¥ A= 10,07 L9 AE &
Ao 2HE AE WS a3E 543817] 13 rose bengal
o] F=+ 50 %9 ME BESS e 25 uMS o] &
shaitt

322 '0,22 |E= NE
23S A2
HaCaT A3 isoquercitrin% %E%‘i i{ﬂﬂ % o]

Z=Atof| CHEt Isoquercitring

ZARSE 5 Al PBSE Hl 2313tk 24 h F<t Aﬂ*
% HH“OP.T’_ /‘1]4_«] ABEES MTT assay = =73 38F9
t}. 25 uM rose bengalS # 7}t -+ rose bengalS
A shA] ek ozt tiu] AlEZ BEES 50 %5 LHE

H~



Isoquercitrin®] AX ®HE 283} 5 F5 FHAE 98 g

120

. 100 4
E
g 80 -
o
ES
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Isaquercitrin (uM) - - 6.25 125 25 50

Figure 6. Cellular protective effect of isoquercitrin on
'O-induced cell damage in HaCaT cell system. HaCaT
cell was treated with 25 puM rose bengal and stained
with MTT to show cell viability compared to non-treated
group.
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Figure 7. Size of ethosomal vesicles with different con-
centration of isoquercitrin in a system composed of 2 %
lecithin and 20 % ethanol.
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Figure 8. Loading efficiency of ethosome treated with
different concentration of isoquercitrin in a system com-
posed of 2 % lecithin and 20 % ethanol.
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Figure 9. Size of ethosome containing isoquercitrin (0.01,
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Figure 10. Loading efficiency of ethosome containing
isoquercitrin (0.01, 0.02, 0.03, 0.04 %) during 2 weeks.
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Figure 11. Comparative cumulative amount of isoquerci-
trin permeated from ethosome, liposome, hydroethanolic
solution, and distilled water (DW) solution with time
during 24 h via mice dorsal skin.
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Figure 13. Total penetrated amount of isoquercitrin mea-
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and distilled water (DW) solution after 24 h via mice
dorsal skin.
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Table 1. Composition and Size of Elastic Liposomal Formulations Before and After Extrusion through Polycarbonate
Membrane with a Pore Size of 80 nm

Formulation code pcY : ¥ Isoquercitrin Size before extrusion (nm) Size after extrusion (nm)
ELI-1 100 = 0 10.0 195.75 + 15.75 182.15 + 345
ELI”-2 9% 5 10.0 290.85 = 1.35 261.15 = 045
ELI”-3 90 : 10 10.0 303.05 + 1.15 343.65 + 11.15
ELI”-4 85 1 15 10.0 3412 £ 15 340.75 £ 13.95
ELI”-5 80 : 20 10.0 251.65 £ 17.65 193.85 + 7.05

a) PC : Egg phosphatidylcholine, b) S : Tego*care 450, ¢) ELI :
represent Mean + SD (n

= 3)

Table 2. Deformability Index Value of Elastic Liposomal

Formulation

Formulation code

Deformability index

ELI-1
ELI-2
ELI-3
ELI-4
ELI-5

16.51
34.05
59.47
59.89
18.65

+

I+

H+

H+

0.63
0.12
3.86
4.86
1.35
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Table 3. Permeated Amount and Proportion of Ethosome and ELI-4 containing Isoquercitrin through ICR Albino

Mouse Skin after 24 h Incubation (Tape : Stratum Corneum, Skin

Transdermal : Receptor Chamber)
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