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! 2 AolX= kaempferol 2 nicotiflorin®] 3|5 g A" 2 2 QIX|Z(PC): AHEI A (cetearyl glucoside)
] B 2SS Alxsen, 2 EEE 54 2 in vitro 3% FeS B7HEITH KaempferolS ©A]
b2l 2E] YA A7) 121.5~157.8 nm, T T8-S 67.5~81.2%, 7PHEELS 2.8~17.6%= YERSLTE Nicotiflorin

o ZEFO YA A7) 125.1~143.1 nm, EH T&2 52.0~66.1%, 7PAHES 1.1~17.7%= YERTE In
vitro I T2} A9 Az} AWSAAA 7} 15%(w/w)el ELK3 2 ELN3o] ¢8t g]¥39] CLK ¥ CLNEY ¢ &&
5 Fihss 2he RS RIS FA 2702 HAE EL3S kaempferol E nicotiflorin 35 §4 $3X1& 4
3 83 dIA= o]8d Zog 7|uHTh

Abstract: In this study, kaempferol and nicotiflorin loaded elastic liposomes (ELs) were investigated to enhance the
transdermal delivery. The physical properties and in vitro permeation studies were performed using constructed ELs com-
posed of egg phosphatidylcholine (PC) and edge activator (cetearyl glucoside). In kaempferol loaded liposomes, particle
size ranged from 121.5 to 157.8 nm, deformability was recorded as 2.8~17.6%, and loading efficiency was from 67.5
to 81.2%. In nicotiflorin loaded liposomes, particle size ranged from 125.1 to 143.1 nm, deformability was recorded as
1.1~17.7%, and loading efficiency was from 52.0 to 66.1%. In vitro skin permeation studies demonstrated that elastic
liposomes (ELK3 and ELN3) having 15%(w/w) cetearyl glucoside exhibited the higher skin permeability than CLK and
CLN, the conventional liposome without cetearyl glucoside. The findings suggest that EL3 selected as the optimal for-
mulation could be used as useful formulation for transdermal delivery of kaempferol and nicotiflorin.
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%, FHT 4 AHHZ 0= o]FolA Ut} o] He7t &
A ZHEFE A EEC] T& o|FIAL YL 1 Aol ME
7R A 2 FAEe] Q= brick and mortar T3]t} o] £]
Kol 2o 2R vHE HEshs e ugdo) ofst
S JYolL o] g FATI=T oflgol Utk oF
9] I 3 AFEE A 9F FEEE 5% 5ok 7
A3E T FAE ok 2y, S 22 9 R EE
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IR FF SIS A5 oFE A Al&F o= 1XA 3 H]o]
|HE A cetearyl glucosideS ©]-8-3F B4 €] 258 A|
stleh. W3t ¥ g]2Eo] A=), £ =28, 7MY
, AR M8 2 Y] F4ss Ak Hlasith
ol gt A5 Fste] HA FASIAIR] STt ico|=E BA

3l BbA 2| AlFo] Y Ado o3t 3= Yehle
A& FRIgro =z sl 9 ksl SgE Al 029
o8 7}eAE Yolr Al 9Tt

Alef 2 7[7|. L-o-Phosphatidylcholine(from egg yolk,
>60%, egg PCY= Sigma-Aldrich(USA A £ le] AL
sltt. vlo]2 AHEAIA cetearyl glucosided gH=-Fw}
FEEEH Attt A9 W FA=2 <0 kaempferol R
nicotiflorine FotAlo] A2 (Korea)Atoll A T+ 3t ARS8
om 1 %= Figure 19 YERARITE. Folin-ciocalteu’s phenol
reagent 2 3-(4,5-dimethythiazol-2-y1)-2,5-di-phenytetrazolium
bromide(MTT)«= Sigma Chemical Co.(USA)IA Y313,
1,3-butylene glycol, methanol, ethanol, chloroform, acetic
acid, acetonitrile 52 Al SFA| S ARSI

2 EF A= 3]A S587](Buchi, Switzerland)9} 2
3} 3] 7] (Branson, USAYE ARSI, AlR9] QA =7+
ELS-Z2(Otsuka, Japan)s AR&-3te] S48ttt lx&e] 7}
H3YE =42 mini extruder(Avanti polar lipids)9} syringe
pump(KDS330 Revodix, Korea)s AH8-3te] e st3ith. 2
HEs SH= AF A4S 9180 high-performance liquid
chromatography(HPLC)= Shimadzu(Japan)A} A|&-& A3}
Fom, yFE F3 A= Permegear(USA)AFS] 9 mm
Franz diffusion cell(receptor volume 5mL)3} V6A Stirrer
TS ARSSIATE. MTT A golA AHS-El= ELISA reader
£ Tecan(Austria)AF2] #|Z+2, pH "B+ Mettler-Toledo
(Switzerland)E AR5}t

EHY 2ZFO| ME. 9y 2 EFS e o Fayos

rlo

Nicotiflorin

Kaempferol (kaempferol-3-O-rutinoside)

Figure 1. Chemical structures of kaempferol and nicotiflorin (kae-
mpferol-3-O-rutinoside).
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Table 1. Composition of Different Types of Liposomes
Containing either Kaempferol or Nicotiflorin
PC“ sb Kaempferol  Nicotiflorin
wWw%)  (Wiw%) (mM) (mM)
CLK 100 - 0.5 -
ELK1 95 5 0.5 -
ELK2 90 10 0.5 -
ELK3 85 15 0.5 -
ELK4 80 20 0.5 -
CLN 100 - - 0.5
ELN1 95 5 - 0.5
ELN2 90 10 - 0.5
ELN3 85 15 - 0.5
ELN4 80 20 - 0.5
“PC: Egg phosphatidylcholine, “S: Cetearyl glucoside, CLK:

Kaempferol loaded conventional liposome, ELK: Kaempferol loaded
elastic liposome, CLN: Nicotiflorin loaded conventional liposome,
ELN: Nicotiflorin loaded elastic liposome.

Azstom, A AR 24-E Table 191 YR AT
50 mL 5 ¥lg ZEk~Fol kaempferol 2 nicotifloring 7+
7k 0.5 mMe| HES ¥ . XA AHSYAE 717
ThE H]8(100:0, 95:5, 90:10, 85:15, 80:20)2 31} Hekes}
ELE_L_ 1: 5(V/V%) té]— _Q_oﬂoﬂ —Q-’o‘H/\]ﬂﬂ- pjz{ zm-l-:
718 ol&ste] f7I18mE &3] A A & HH| gk
A Aurs JAAI AT FAJE A A S phosphate buffer
(1.6 mM NaH,PO,- 2H,05} 9.6 mM Na,HPO, - 12H,0, pH
74) 10mLE Fslste] B4 E]*”Z‘Q PRI, o]FA 4
ozl ¥ 5] YA A7E dLsH sb7] S8t glass
beadsE B3 30% Al712 108 EJ Z53% 3718 7l
Atk AxH FEEF AHH L 12pm syringe filter
(Mmlsart CA 26 mm, Germany)g ©]-83}o] ZHEA] &2
kaempferol ¥ nicotifloring A A}, ©4 2|25 AFe] A
Azt AHEAGA 2] F FFE 1.0%(WNV)E A
AKX Ato|= H HMEt ZHIM. g EFo YA Aol 2=
dynamic light scattering(Otsuka ELS-Z2, Otsuka Electronics,
Japan)& o]&-3ate] SA3IGTh 4 5= 25°C, Abebh
165°, FY O 2= argon H|o|AE ARSSIAY. Ht YA 2
7] = cumulative ¥AH o2 YJERHSZ EEX == contin ¥
© 2 X3t Alel ZrlE2 zetasizer(Malvern Instruments,
UK)E‘ o]-g&ate] ZAslnt YA Alol=e T0HY 33] =

gate] g HeEhilen, Alet iﬁi’éﬁ 1094 33] &
A5},

%E ZH 8. UEF YN 1mLE F5to oS
10mLE ¥ 2EF 22 AT 3 SE7)E o8
gto] gl E SEAZ § A 1mL A EES ¥olETh
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Kaempferol & nicotiflorin®] %5 HPLCE o]&3sfo] A3
skt 44 column® 23 Shimpack VP-ODS C18

Shimadzu, Japan)S AF&-}31t}.
o]=Ar &1= BEW 0.5% acetic acid/50% acetonitrile®- =,
42 1.0 mL/min, A|EE 10 uLE FY35ke] BEwl 100%
2 1027+ ik Column &8 5% 40°CE 445}
27, UV wavelength= nicotiflorin 348 nm, kaempferol 367 nm
2 315t st FEFEA S o] &5t %:E‘jé
kaempferol & nicotiflorin®] %3 A4 I8 FAds &
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HENSHE 2HE. Alxd B4 g xSe] g 3EE Sl
)| scanning electron microscope(SEM Tescan Vega3, Tescan,
Czecho)e ©]8-3I3th ¢FrlH 39 9l 7} A5 10 pL
A Astate] 2447 B A A2AIZ] F PE S5k
25}

Ml zZHj ek, ALt A A M EFC] HaCaT A EE Dr
Fusenig(German Cancer Research Center, DKFZ)Z F-E &
kol ALg-3hd Tt Al azul oFel]l AR 8] 2] (Dulbecco’s
modified Eagle’s medium, DMEM, Capricorn, Germany)+<
10% fetal bovine serum(FBS, PAA, Austria), 1% penicillin/

streptomycin(P/S, PAA, Austria)e E&3te] AE-3
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37°C, 5% CO, 271 w3t

MTT Assay. Al =8-S MTT assays ©]-&3l =4
sttt Aolole AlZe] mEFEE]ol= dehydrogenase &
25 7R Y] o] §4F =] =84 7]1FQl MTT
E W] ¥)48-A formazan® 2 WA ZITE wEta AY
Jd%¥ formazan®] ¥ SA3HH HoRleE Mx 5 & $
At APALE FE HE 108 FAate] Aol 24X 7F A
2] %, DPBSE 23] A H813 2 pg/ml F=] MTT £
(Sigma, USAYS 713l 30% 59 ¥H-3-A1A formazan 2
e AEAFTE MTT 85 A AL A/dE formazan 2
A& DMSO9 &-3l3Fo] 570 nm gl A ELISA reader®
THFLEE FHNGH2 Adgvoezs N & g xE,
kaempferol 2 nicotifloring T4 3t B4 2]2F, 12|32
AZF70 24 sodium laureth sulfate(SLES)S ¥4 ¥
o] AHLIA FHFat T Alzste] ARSI

In Vitro |5 F1t. &4 2]XF9 in vitro 34 F3 A
= Franz diffusion cells(Permegear, USA)E ©|-83}] 4=3)
3}tk Hairless mice(6 weeks, female)2] 5oll4 &&3t 3
Fe AW gt 2AE2 AA & AMESHA.
Donor$} receptor phase Afo]ol] ZFdZo] 92 Bles I
E IBZAFG Aol AHEHE HFY WAL BF
0.6362 cm’2 25 FA3sle] X33t Receptor chamber
ol receptor phase(EtOH:PBS =3:7(v/v %))E AL 24A]7+
B9 150 rpmo 2 WIS A2 E o] 85ty xEe
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EA 2 In Virro 3% T A 333

37°CZ A3F59th Donor compartment W I3l &3t
T AR 04 mLE A3t 2447+ & sampling port
£ &3l receptor phases AFsIATE 2HEZ3 17} S
Slal 9= kaempferol 2 nicotiflorin®] ¥ 43171 S8l
5o FH PBS &S o]-&sto] AlFEiT 4T
3 M scotch tape(Korea 3M)E ©]-8-31¢7 stripping "HO=Z 3
3] AASIAAL, o] F tapeet I ol U= kaempferol H
nicotiflorine Z}2} 100% o|8H-=Z sonication ©]-&3le] &
AFATE AFE kaempferol B nicotiflorin®] %= UV/Vis
g AR AR

dnt o EE

Xt AO|= H MEF ZHIM. Kaempferol ¥ nicotiflori
A S G@XEA] 2 Ut fEE 2 B4 g EES
Hjelar Ej3shy] 5798 vlwsldint. Az gExEEe]
At Ato]z, PDI ¥ Ale} 28I 3h2 Table 20 YR
Azd &4 BEF ELK 2 ELNS AW EAd# o] o)
5~15%(wWw) 2 S7FrE B YA 27171 2H2F 157.8~
121.5nm, 143.1~125.1 nmZ 7238k 53], &4 g 2F
(ELK % ELN)¢| 739 dRrF g 2&F(CLK ¥ CLN)o| H]3|
Ato]| 27} Ae] Fhaste S Bt o= AAEAIA
9l cetearyl glucoside®] H7}= <l&] uvte] f-54do] S7lslaL
2 EF0] AWAHo] 7AEQ7] whitolgtal AlsE TS 9

To

e EN o

Table 2. Mean Particle Size, Polydispersity Index, and Zeta Potential of Liposomes Containing either Kaempferol or Nicotiflorin

Formulation codes CLK ELK1 ELK2 ELK3 ELK4
Size of kaempferol loaded ; | ‘ : E | g
liposome (nm) . . )
157.8+8.1 133.5+1.6 128.7+7.0 121.5+2.9 138.6+5.7
Zeta potential (mV) -5.7+0.9 -5.7+0.6 -7.0+1.1 -6.9+1.6 -6.6t£1.4
PDI value 0.256+0.003 0.264+0.008 0.269+0.006 0.271+0.006 0.275+0.005
Formulation codes CLN ELN1 ELN2 ELN3 ELN4
Size of nicotiflorin loaded ~ } i ; i1 o g
liposome (nm) : l S : o8 54 |
wa o somo. 1 o 080 1m0 i %0 im0 om0 1000 I o
143.1£9.0 139.3+ 3.1 137.7+8.2 125.1+£7.4 131.6£5.7
Zeta potential (mV) -6.6+1.6 -7.242.0 -6.4+1.1 -8.2+2.0 -9.0£1.0
PDI value 0.265+0.021 0.279+0.004 0.276+0.004 0.281+0.001 0.285+0.002

Values are presented as meantSD (n=3).
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A Atol 27} 24E IR ZHSE Tt el
wfize] o]#gt e S EH] T a8 S v &
Y oz AtgHEnh e AEEAA HlEo] 20%¢%]
ELK4 31 ELN4 A2 YAk 2717F 7131 Zte jle < 9l
=t o= AMEAAA 7L edge activatorZzA] 75 4= QU
= HI& oo R g HriEo] AFTS BIAA B
A WA Az} =77} AR Aoz AbEET) 3 ELN1-3
o] ELKI-3ET} 4=+ Ate]=7F AA YEwH. o=
nicotiflorin®l] Fo] £oi3lo] Al &A= sl YAb Atol €]
Aol AAHEA vehd A#=2 BojXth PDIE e AlY
oAl oF 0.3 o]3t2 YAF A FEHE Ueill= A&

s
& 4= 9l

CEELEERES S SR RHER LR
3} 53970 JBAGRR oheh P B2 YAl

P PRIk B 2E FHO AH71H vl Sl g
EEFZe] $38 Wellehtt? Kaempferol ¥ nicotifloring &
A gk BE AYoA AeF Teld 3F2 -10~-5mVe] &2 A
3l 28 YERIITE o= pH 7.4 buffercllA] PC2] S14H7]7}
+A8E w7] otk

off ZZE S8. Al¥ W kaempferol E nicotiflorin®] X3
&2 Figure 20| YERAITE CLK 2 ELKI1~39] ¥ &
&2 z+7b 712, 675, 764, 812%% YESTH CLN %
ELN1~39] ¥¥ 88 77} 520, 56.6, 61.5, 66.1%= L€}
wot, AEEAIA geo] 5~15%2 7S kaempferol 2
nicotiflorin®] EF&&o| Z71E gelslitt. vk, AAg
A vl&o] 20%2] ELK4 2 ELN4+= 7H2F 77.9, 53.9%%

o

fol

100 1 o Kaempferol loaded liposomes
—8— Nicotiflorin loaded liposomes
80 - * - *
S
o 60 -
o)
8
[=
@
e 40
[
o
20 A1
0 T T T T
—— CLK ELK1 ELK2 ELK3 ELK4
—— CLN ELN1 ELNZ ELN3 ELN4
PC= (%) 100 85 90 85 80
S% (%) o 5 10 15 20

Figure 2. Entrapment efficiency of different liposomal preparations
that contained kaempferol and nicotiflorin. *p<0.05 compared with
CLK, #p<0.05 compared with CLN. Values are presented as mean+
SD (n=3).
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ERgth. AWEAAI7F H7HE ELK1-42] HEES 747} 1222,
5.0, 2.8, 6.2%% Lt YEZHT} HIPEo| Wkorm ELK3
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Table 3. Deformability of Liposomes
Kaempferol or Nicotiflorin

Containing either

Formulation codes Deformability (%)

CLK 17.6+4.0
ELK1 12.2+4.7
ELK2 5.0+£3.1
ELK3 2.841.2
ELK4 6.2+1.5

CLN 17.7£3.9
ELN1 10.1+4.7
ELN2 2.8+1.2
ELN3 1.1£3.4
ELN4 3.0£3.0

Values are presented as meantSD (n=3).



KaempferolZ} Nicotiflorins BA$F €3 Bl2E&e] E214 54 9 In Viro I T3} A+ 335

S7HS AR AREN AAH o Al g XS 4E
Foll @A77t A aE v, ARSIAE E3ehe HF
3le ¥)&9) B Bl EF(ELK3 2 ELN3)S 9= 5 9]
A7 2 A9 sEH wEt Age] 5 ERlEd o=
EE W AGEAE AL o]FFol EAlskeE AAEE]
Aol Wsts FoaM Heo] ve] S31E AR & F
A

Bt 2lZFEo| otMY. v BxFo] A% 7|7l upE
YA} 7] 2 PDI k= X%
7hekedl F88 AEZ AEgth dnbxoF B EE Hol
ERPGSIAA B EE YA Fe] 1A o] FopAA HwA A}
2777t ARAE AFel e AR HAEI ek’ & AT
M= S Hrtelr] flelA Bl 2ES Az H59
4°CoM 45 59t Hakdh Foll 4 57] 8 PDI ghe Wlal
Stk 2 A3 BE ZEF AFelA At 271 Wshe A
Z AFof 2 AJolE HolA| ke, PDI 42 0.3 WS
2 A3 A8 tH(Figure 3). 3+ #F Alo]] ol o
= S, A e Aodo] HEEA] FUTh whEbA] 4 °CelA
47 FF ARG el FAES BRI 4 AT

S5 hdek $73 210049 B4 ER1E 918l 25 °Csk

73
o
=

After 1 day
Il After 1 month

150

Particle size (nm)
=
]

wn
o

CLK ELK1 ELK2 ELK3 ELK4

(€ 200 -

150 | II
0
CLN

After 1 day
I After 1 month

II II II II

ELN1 ELN2 ELN3 ELN4

Particle size (nm)
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Figure 3. Storage stability of liposomes containing either kaempferol or nicotiflorin: (A) change of particle size of liposomes loaded with kae-
mpferol; (B) change of polydispersity index of liposomes loaded with kaempferol; (C) change of particle size of liposomes loaded with nico-
tiflorin; (D) change of polydispersity index of liposomes loaded with nicotiflorin over 1 month. Values are presented as mean+SD (n=3).
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Figure 4. SEM images of (A) kaempferol loaded elastic liposomes;
(B) nicotiflorin loaded elastic liposomes.
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