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AFolA, quercetin®] WE2 10~500 uM E=ollA Bk Sieol] GRS WO, rutin®] 9= HlwA W2 w%
(10~50 uM)ellA] ste] =gl o] Ao &gt W&o A& o|itt. ZetE o= gt slo|=rAde] T8 &3} W
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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.
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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 2. DSC thermogram of cellulose powder and cellulose-
porous hydrogels according to preparation conditions. C1, 1% cel-
lulose; C2, 2% cellulose; C3, 3% cellulose; E4, 4% epichlorohydrin
(ECH); E8, 8% ECH; E12, 12% ECH.

Table 1. Maximum Temperature of Endothermic Peak (DSC)
for Cellulose-Porous Hydrogels according to Preparation
Conditions

Sample conditions

Cellulose conc. ECH conc. T (°C)
(Wt/v%) (Wt/v%)
4 75.28
1 8 92.4
12 102.75
4 92.81
2 8 96.61
12 105.35
4 111.17
3 112.58
12 110.26
g 9218 ol ol slmu] e AR AR
2} 5 2} Q___ w3t Ayjo|th AEZ QA T slo|m=zA
o] Aol w20 S ZUAIRE 514 Tl Ak
$wale ECHO 51 2719} | Jhaest S71812 T,
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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.
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Table 2. Maximum Water Uptake Degree and Swelling Kinetic Parameters with Correlation Coefficient of Cellulose-Porous

Hydrogels according to Preparation Conditions

oll3]

A - e

Sample conditions

Korsmeyer-Peppas model

Cellulose conc. ECH volumes Smax” (%0) b noe R mse‘zglrll?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.

£33 quercetin ¥ rutin §4¢] 7] H9¢}t FEEF UV
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7¥ePaAM xY B&o] 27 Ik Al UEbou &
o7 JTleHA= %3 H:} 1 mM9] s&ollM = S &k
Ot gaE=rt AgelA] ol 23 J&0] HA|S] HolA=
A= A tk(data not shown). Rutin®] 7$- quercetin.t}
2 880 2w 7R AHE 45 F A= ol F
el zpo|& Q8 4 s E3 rutin®] 7% W 3
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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.

O

o AIgE A3E BA 10 pME: Al 2skar
S o AUtk FiF Exo] Ae vzt
Itk Rutin®] 73-%- quercetin?} 2=
AL = slol=mAd e 2ol mE o=
A HebtAL s ollie 2] il o
FAISHA ettt ol st Aabe g4t

=
-

A = k.
Table 4419k o], T S =] W= sepHES

oA slol==A Al et 353

Table 4. In Vitro Release Kinetic Parameters with Correlation
Coefficient for Cellulose-Porous Hydrogels Containing Quercetin
(Q) and Rutin (R)

Korsmeyer-Peppas model

Sample conc. Drug release

(LM) ke n 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. 7,
<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.

Fogto g A BAER A s AT & S
Aoz AGET AYE sro] FHEAS i AER
2TFA slo|=2A A|2Hl S wie H43S o) 24
7o) i ddo] B} fo5lA o]Foid = 3L Aow
Helck

HEZ2A CI3Y 50|
FellA s dgAgel
- Fol FAIZE e AA S]] quercetin B rutin
o I F S Azlsd el AgR e thgd

e

L

RN 97 Be 24

A F)Fo A quercetin X rutin®] 5 X &9= U

B 4 A=A Lol 7] $J8lA] Franz diffusion cell2 35
T3 AdS AT 2o 2 PR A2

T ARSEA S A A5 o] SEAME AREE 1,3-BG
£ Sfo|=2 A A2He] RO 2 AME-SIATE. Quercetin
rutin®] A|ZF 7ol whE 9 v B 9 B AR
Figure 5 YERH AT

Quercetin®] 27 97 244 7F +2 £33 hydrogel
(27.94 pg/em?) > 20% BG/PB(3.57 pg/em?) > PB(2.37 pg/em?)
=0 2 YER (Figure 5(a)), 24417 3 & A5k Ha)e
Y8 hydrogel(31.77%) > 20% BG/PB(5.14%) > PB(2.48%)
40 2 UehdthFigure 5(c)). Rutin®] ZAE J{ =3 &
-2 hydrogel(21.07 ug/em?) > 20% BG/PB(4.27 ug/cm?)
> PB(1.76 pg/em’) =22 YERE I (Figure 5(b)), & HF%
o A 3}ek thH] hydrogel(26.35%) > 20% BG/PB(4.48%) >
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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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