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Abstract: In this study, alginate-based hydrogel membranes composed of hydrogel beads and highly tough hydrogel
matrix including moisturizing oil and natural emulsifier were prepared and their elution characteristics were evaluated. As a
result, it was confirmed that the elution rate of the moisturizing oil component can be controlled within a desired range by
controlling the composition of the hydrogel bead and the tough hydrogel matrix. In particular, it has been confirmed that by
combining tough hydrogel having a structure of interpenetrating polymer network (IPN) and hydrogel beads, the physical
stability of the membranes can be improved and the elution rate of the moisturizing oil can also be controlled more finely.
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Hvdrogel bead
containing oil

IPN hydrogel

Fig. 1. Schematic drawing of tough IPN hydrogel mem-
brane containing hydrogel beads.
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Fig. 2. Pictures of hydrogel beads containing moisturizing
oil and emulsifier: (a) olive liquid, (b) solubiliser.
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Table 1. Elution Characteristics of Highly tough Hydrogel Membranes Containing Hydrogel Beads (12 wt%)

Hydrogel bead radius (mm) 1.02 0.94 0.89 0.83
Average elution Oil : Solubilizer = 1 : 2.0 (weight ratio) 4.86 5.90 6.99 7.65
concentration Oil : Solubilizer = 1 : 2.5 (weight ratio) 2.66 2.77 2.93 2.83
(mg/L) Oil : Solubilizer = 1 : 3.0 (weight ratio) 1.76 1.87 2.03 1.93
0.06
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E " Fig. 4. Pictures of highly tough hydrogel membranes: (a)
3 0.01p without hydrogel beads, (b) with hydrogel beads.
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Fig. 3. Cumulative elution rate (mg/L * min) of hydrogel
beads: (a) olive liquid, (b) solubiliser.
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concentration of hydrogel membranes by varying hydrogel
bead content.

l

N
=

slo| =2 A

L
L

DECIER PSR %% EEE 7
23k A% dehilth Ak o R 19lo] 13 A

A ARgsE B9 4 HHEZHOE 50 LO]_]_ AHE Al
< Ht 1002k 78S = Qltk o] o B BEF
2. 3HeFo] 20~30 wt%ll A, THE A 5/E &
ok 2200] AFEE Al &F SEEEE 9F 2.5~4.0 mg/L
Ao it & ¢ Aok webA BREedd f3HA)
o] Hlgo] ¢ 1 :25% A Ar1Y 21& & WEAY
< I 5 ATk
7 AT vRO R B U F3lA HlES 1
25 TEHE 15t sto|=EA v EF Wl
gd& FYstdor 1 AAE Fig. 59 CA]é}%D}.
Aol A stol=2A Hl=o] WA EL2 ¢F 1.02
mme| o Hl=9] L 5 7, 10, 12, 15 wt%Z
ZH39 . A3 A3, shol=2A vz gEfo] F7t
S+-2 e BHEoY 5o ZU)E9 HT &
Aol vE o] FHETE TAst
et &, 29 o < sol=g
sto|E2A wjEY 9} A3t 24 FE|S] H
T rES FVHE  oH FA BE
o] HlEe}t MER 29| slo]|Eg2A AHS o
FH3IHAM H-e 5 &5 HYZ -] 7}
e Yehlle Adolty. AR o7 o=
?H’r o] 5 WA 15 wt% A5 HHed
Zro] 20 WA 30 wi%E UERflon =
a5 %H MBS 71F0 R St HAa AHEEE
SHER sisle wWel 44 &5 £=9 2.5-4.0 mgL
Atole] EE2FS TEATE AS FRIT F Utk

o~

o Fl'E HJZ ..

o w2 fo [ ot ot
N

oft

Hir ﬂl
worr

Lo

o] 3

e mlm rulo lo 4
fo

f

AE o St
EXL
2 rlro

1 2

o o fU of ofN fo oy T oox

Ny

B d7eMe Beed dE(EHeed + A3
hvA

S 233l ol g2A e U 7% slo|t2AE
AE 7154 stojlcgAd WBugels Azt 45 E
Ae FG7EkgT slolezA nEe] 7] @ o9y &
Ao HE 5L AolFo M H&E0A 82 &%
£ dske= nHi ZAT S FAFHY. 53,
IPN 7%E 7} 345 sfo|=aAz slo|=ad s

B2 xo] sol=zAol 3}y

g AYGoRH me

g vhme] oA E3t 5 10 & gom A 1

$odel §% % O ADA A0IY 5 A
gelsgn,

a4 A

2 AT FaA7|GRe E97)eEA(Cos-
32418) % AR 4IRS /N EARRI(2019-
000140002/RE201702218)2] A& wlo} 355Uk

Reference

1. S. Ramos, V. Homem, A. Alves, and L. Santos,
“Advances in analytical methods and occurrence of
organic UV-filters in the environment - A review”,
Sci. Total Environ., 526, 278 (2015).

2. J. Shin, J. H. Cho, and S.-W. Cho, “Functional hy-
drogel for the application of drug delivery and tis-
sue engineering”, KIC News, 18, 2 (2015).

3. S. C. Song, J. K. Cho, and C. J. Chun, “Drug de-
livery technology using hydrogel”, NICE, 28, 171
(2010).

4. T. R. Hoare and D. S. Kohane, “Hydrogels in drug
delivery: Progress and challenges”, Polymer, 49,
1993 (2008).

5. X. Hou, L. Mu, F. Chen, and X. Hu, “Emerging
investigator series: Design of hydrogel nanocom-
posites for the detection and removal of pollutants:
From nanosheets, network structures and biocompa-
tibility to machine-learning-assisted design”, Environ.
Sci.: Nano, 5, 2216 (2018).

Membr. J. Vol. 29, No. 4, 2019



236

6.

10.

11.

12.

13.

14.

15.

Do-Hyeong Kim + Moon-Sung Kang

Y. 1. Lee, M. Gulfam, and B. G. Chung, “Micro-
technologies and functional hydrogels for tissue en-
gineering applications”, Polymer Science and Tech-
nology, 22, 454 (2011).

. J. Fu and M. Panhuis, “Hydrogel properties and

applications”, J. Mater. Chem. B, 7, 1523 (2019).

. A. Ishikawa, M. Fujii, K. Morimoto, T. Yamada, N.

Koizumi, M. Kondoh, and Y. Watanabe, “Oil-in-wa-
ter emulsion lotion providing controlled release us-
ing 2-methacryloyloxyethyl phosphorylcholine n-bu-
tyl methacrylate copolymer as emulsifier”, Results
Pharma Sci., 2, 16 (2012).

. S. G. Lee, S. R. Kim, H. I. Cho, M. H. Kang, D.

W. Yeom, S. H. Lee, S. k. Lee, and Y. W. Choi,
“Hydrogel-based ultra-moisturizing cream formula-
tion for skin hydration and enhanced dermal drug
delivery”, Biol. Pharm. Bull., 37, 1674 (2014).

B. Semmling, S. Nagel, K. Sternberg, W. Weit-
schies, and A. Seidlitz, “Development of hydro-
phobized alginate hydrogels for the vessel-simulat-
ing flow-through cell and their usage for biorelevant
drug-eluting stent testing”, AAPS Pharm. Sci. Tech.,
14, 1209 (2012).

J.-Y. Sun, X. Zhao, W. R. K. Illeperuma, O. Chau-
dhuri, K. H. Oh, D. J. Mooney, J. J. Vlassak, and
Z. Suo, “Highly stretchable and tough hydrogels”,
Nature, 489, 133 (2012).

T.-H. Kim and Y.-C. Nho, “Synthesis of PVA/
PVP hydrogel by irradiation crosslinking”, Polymer
(Korea), 25, 270 (2001).

Enas M. Ahmed, ‘“Hydrogel: Preparation, character-
ization”, J. Adv. Res., 6, 105 (2015).

N. Chirani, L’H. Yahia, L. Gritsch, F. L. Motta, S.
Chirani, and S. Faré, “History and applications of
hydrogels”, J. Biomed. Sci., 4, 1 (2015).

D. Mark, S. Haeberle, R. Zengerle, J. Ducree, and
G. T. Vladisavljevi¢, “Manufacture of chitosan mi-

Mmugel A 20 A A4 3, 2019

16.

17.

18.

19.

20.

21.

22.

23.

crobeads using centrifugally driven flow of gel-form-
ing solutions through a polymeric micronozzle”, J.
Colloid Interface Sci., 336, 634 (2009).

M. Bahram, N. Mohseni, and M. Moghtader, “An
introduction to hydrogels and some recent applica-
tions”, Emerging Concepts in Analysis and Appli-
cations of Hydrogels, 24, (2016).

C. L. Heaysman, G. J. Phillips, A. W. Lloyd, and
A. L. Lewis, “Synthesis and characterisation of
cationic quaternary ammonium modified polyvinyl
alcohol hydrogel beads as a drug delivery emboli-
sation system”, J. Mater. Sci. Mater. Med., 27(53), 1
(2016).

B. Zeeb, A. H. Saberi, J. Weissa, and D. J.
McClements, “Retention and release of oil-in-water
emulsions from filled hydrogel beads composed of
calcium alginate: Impact of emulsifier type and pH”,
Soft Matter., 11, 2228 (2015).

W.-P. Voo, C.-W. Ooi, A. Islam, B.-T. Tey, and
E.-S. Chan, “Calcium alginate hydrogel beads with
high stiffness and extended dissolution behaviour”,
Eur. Polym. J., 75, 343 (2016).

C. B. Jeong, J. Y. Han, J. C. Cho, K. D. Suh, and
G. W. Nam, “Analysis of electrical property changes
of skin by oil-in-water emulsion components”, /nt.
J. Cosmet. Sci., 35, 402 (2013).

H. Tokuyama and N. Yazaki, ‘“Preparation of
poly(N-isopropylacrylamide) hydrogel beads by cir-
culation polymerization”, React. Funct. Polym., 70,
967 (2010).

F. Topuz and O. Okay, ‘“Macroporous hydrogel
beads of high toughness and superfast responsivity”,
React. Funct. Polym., 69, 273 (2009).

M. H. Lee, S. J. Kim, and S. N. Park, “Develop-
ment of porous cellulose-hydrogel system for en-
hanced transdermal delivery of quercetin and rutin”,
Polymer(Korea), 37, 347 (2013).



