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Abstract: In this study, the porous cellulose hydrogel as a carrier to enhance the skin delivery of quercetin and its gly-
coside, rutin known as flavonoid antioxidants was prepared and its properties were investigated. The optimum cellulose
hydrogel for quercetin and rutin was made by the reaction of 2 wt% cellulose with 12% ECH. In the release test of the
hydrogel containing the flavonoids, the release of quercetin was diffusion-controlled at 10~500 uM, but rutin was
released by the erosion of hydrogel system at 10~50 uM. Both the encapsulation efficiency and release amount of rutin
in hydrogel were higher than quercetin. However, in skin permeation experiment using Franz diffusion cell, quercetin
showed higher skin permeation capacity than rutin. The hydrogel containing flavonoids showed remarkable transdermal
permeation than the control group. These results suggest that porous cellulose hydrogel is potential drug delivery system

to enhance transdermal permeation of water-insoluble flavonoid antioxidants.

Keywords: cellulose, hydrogel, quercetin, rutin, transdermal delivery.
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Figure 1. Calibration curve of quercetin and rutin. (a) quercetin
(Amax = 370 nm), equation of line: y = 0.0085x + 0.016(R* = 0.9985);
(b) rutin (An = 355 nm), equation of line: y = 0.0039x + 0.0193(R?
= 0.9978).
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Figure 3. Water uptake degrees of various cellulose hydrogels as a
function of time and composition. C1, 1% cellulose; C2, 2% cel-
lulose; C3, 3% cellulose; E4, 4% epichlorohydrin (ECH); ES8, 8%
ECH; E12, 12% ECH.

AEZ o T sol==A4 A 7 351

FE 1,249 3% E%ow FE E950] 131.02+11.75%
A= 32 F7% Bt ol AEZ Q29 Fio)
ECHS % 5% 1gol 1:1.33, 1:2.66, 1:42 AEZ QX U
o|A] ECH 7l 725 A=t 288 s=7 =4 &
ghe Wkl ot Figure 3914 72 F5°] 2 shol=
ixﬂ ,] 70 _F_ /HTE oA 2%(ECH 12%)’ A2 EZ QX 1%
(ECH 8%) 2 AEZ 02 1%(ECH 12%)7t 3lom o]5<]
AE292 o ECH §& W& 27} 16, 118 # L12=
ECH®] & & 35 ¢ 4 UL wbA 7t Age] &
]TO]X% lr‘_O )\E ?F/\L—O L]-E]—‘ﬂl Zi——«i y_o]p]_ A—HEE_
Q2 shFo] 39%0]3 ECH F=7F 87 12%8] A¢= A=
2o ) ECH 5% Hl&o°| 217} 1:2.66 L 1.4i ﬁoﬂﬂ Sl
=3 vt} o] ECH ¥ Hl&o] 2ol wepr] dEZ e~
Y] 71w Agro] ZHx] oo} 5 S450] 271 A9l 284
£8.06%5 YERIZL )t} Figure 3914 & 4= dxe] AE=Z
227} 3%S1 7S, 4~12%2] ECH SE2E A2~
| S5t 7hL7§_6L£ @“*lﬂ 7l 5 w}ﬂw 7t %7t
7] wol] AEZQ2 1, 2%l Hls)

o 2
1,]4 oL_ro1

EZ22 1%, ECH 8"/& AzE slo|lezAe x7] 4
£ S5k WE ARE BIAW selumd A9 7
A Y 4 BAEE 543 we 34 S
ola] - Ae] AP oz MK = ettH(data not shown).
1A oFY sl Zrert QoA S FEo] =& 2% A
E2 929} 12% ECH 27102 W&o thad slo|l=2
Ao] FE F450] 7P 98 Aoz YEITH684.57%).
WA o] ZALE EojR AEZ 9 TR slo|=2A)
& PATAS AT AN F5 27 A8 AYo o

F552 e 4% ECHE 77 A9E AEgz o~
[e)
[e)

2

A

1.

g\l

v
m

° Hi Mz
o mé o

jug

o A2 AYsiAd
2 (2 AR Alx 4o mE W& vZPES Table

20| 24z} FERQLE, 2% A2 9 (8% ECH) 1< A9
gk B AlZElelX AR #hel 0.9 oS E Korsmeyer-
Peppas model®]l %5"3}@13]—. ik A p ol W2 EF o]

A5 A 7S e B
& bl N kE 1T 5 otk
4Ezex 2y sol=2d U #3 21 28 &%

3}0]5;@4 B XY 882 i oA o) W}E‘r
A Az 21 wE AEZ oA A slo|l=2Ade] £7
B =4 2] b 2L A 1wl 29 *“%L/\(lz%
ECH) 2710 =39 $=¥ 3 483 S48t ¥
& I F<t quercetin rutin 8§27} 37 sto| == A 9

NEYE A= 2 539 E5) wgo| drh A2E ¢ 1o
A2} -2 2 2-E querceting rutin #5384 =79
(IdyS o]-&3ate] S35tk Table 3).

Fgskd 24 ML D. Cioilacu 52| ¥

Polymer(Korea), Vol. 37, No. 3, 2013



352

ollg]

F A -

Table 2. Maximum Water Uptake Degree and Swelling Kinetic Parameters with Correlation Coefficient of Cellulose-Porous
Hydrogels according to Preparation Conditions

Sample conditions

Korsmeyer-Peppas model

Cellulose conc. ECH volumes Smax” (%0) Kb noe R mse‘::vﬁzlilrll?sgm
(Wt/v%) (mL) W ™
1 133.49 0.48 0.46 1.00 Quasi-Fickian
1 2 585.02 3.58 0.26 0.90 Quasi-Fickian
3 455.52 0.25 0.53 0.99 Anomalous
1 144.01 0.31 0.51 1.00 Anomalous
2 2 388.35 1.81 0.40 0.83 Quasi-Fickian
3 684.57 0.44 0.46 0.99 Quasi-Fickian
1 115.56 0.67 0.46 0.98 Quasi-Fickian
3 2 275.61 0.50 0.44 0.99 Quasi-Fickian
3 291.73 0.20 0.57 0.92 Anomalous

“Maximum water uptake (swelling) degree. *The swelling rate constant characteristic of the system. “The power law diffusion exponent, which
describes the mode of the penetrant transport mechanism. #,< 0.5, Quasi-Fickian diffusion; n,= 0.5, Fickian diffusion; 0.5 <n,<1, Anomalous
transport; n,= 1, Non-Fickian Case-II transport(zero-order release); n,> 1, Non-Fickian special case-II transport.

Table 3. Parameters for the Incorporation of Quercetin (Q)
and Rutin (R) in 2% Cellulose-Porous Hydrogel (12% ECH)

Incorporation degree (wt%)

Sample conc. (LM)

Id*
Q10 37.82
Q 50 32.23
Q 100 33.52
Q 500 34.25
R 10 40.76
R 50 34.23
R 100 35.45
R 500 38.19

“Determined based on UV spectra.
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Figure 4. Released amount of quercetin (a); rutin (b) from cellu-
lose-porous hydrogels as a function of time; release ratio (c) of total
quercetin and rutin incorporated into cellulose-porous hydrogels.
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Table 4. In Vitro Release Kinetic Parameters with Correlation
Coefficient for Cellulose-Porous Hydrogels Containing Quercetin
(Q) and Rutin (R)

Sample conc. Korsmeyer-Peppas model Drug release

(M) ke nt R mechanism
Q10 0.0261 0.51 0.66 Anomalous
Q 50 0.0272 0.41 0.90 Quasi-Fickian
Q 100 0.0146 0.51 0.95 Anomalous
Q 500 0.0231 0.45 0.93 Quasi-Fickian
R 10 0.0001 1.42 0.85 Special case-II
R 50 0.0012 0.96 0.94 Anomalous
R 100 0.0456 0.41 0.86 Quasi-Fickian
R 500 0.0403 0.42 0.90 Quasi-Fickian

“The rate constant related to the properties of the drug delivery system.
"The diffusional exponent related to the drug transport mechanism. »,
<0.5, Quasi-Fickian diffusion; 7=0.5, Fickian diffusion; 0.5<n<I,
Anomalous transport; n=1, Non-Fickian Case-Il transport(zero-order
release); n>1, Non-Fickian special case-II transport.
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Figure 5. Permeation profiles of quercetin and rutin through ICR mice skin from hydrogel, 20 % BG/PB and PB systems: (a) cumulative per-
meation of quercetin; (b) cumulative permeation of rutin; (c) total permeation ratio during 24 h.

Table 5. Kinetic Parameters of Skin Penetration with
Correlation Coefficient for Cellulose-Porous Hydrogels
Containing Quercetin and Rutin

Korsmeyer-Peppas model Drug release

Sample ke nt R mechanism
Quercetin 0.0525 0.60 0.86 Anomalous
Rutin 0.0026 1.74 0.94 Special Case-II

“The rate constant related to the properties of the drug delivery system.
"The diffusional exponent related to the drug transport mechanism.
1n,<0.5, Quasi-Fickian diffusion; #=0.5, Fickian diffusion; 0.5<n<1,
Anomalous transport; n=1, Non-Fickian Case-II transport(zero-order
release); n>1, Non-Fickian special case-II transport.
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