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Abstract: pH—responsive P(IMAA—co—EGMA) hydrogel microparticles were synthesized via dispersion
photopolymerization and the feasibility of the particles as the cosmetic formulation was investigated.
Rh—B and the functional materials for the cosmetic application such as ascorbic acid, adenosine, EGCG,
and arbutin were loaded in the PIMAA—co—EGMA) hydrogel microparticles in order to examine the
interaction between the hydrogel and the loaded materials. In the loading experiments, Rh—B showed
the highest loading efficiency to the P(MAA—co—EGMA) hydrogels due to the electrostatic attraction
between the negative charge of the hydrogels and the positive charge of Rh—B at the ionized states.
However, the functional materials showed relatively low loading efficiencies because of the electrostatic
repulsions between the negative charges of both the hydrogels and the materials at the ionized states.
In addition, P(MAA—co—EGMA) hydrogel microparticles showed pH—responsive release behavior of
Rh—B according to the external pH changes.
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o1 arbutin®] ¢ F2AAS) 7]Rle] 919 Wehd MAE wE
o= &A1 Elo|galolAle] gk Alslay 5 wMaap) gl A
o g ekt e olejdt BAEL 3ME 2z 9%
ot gl Bkl oyt o gaslel vlgskAl wkssled
A3l ofzt o7} g, Gefl % HPY, 283 nEeE e
o= AR, st 5 3R AoEA AR o e
ol #AE Ha glrk whebA] olefst 7157d BAES E dER
AMEBE] SBiAE 715 BAEC 88 W B 55 )
7) 918 A 719 Ado] AAo|tk

B Aeldle s AR ARl o8] 71 7ied B4 el
ERHIAS sk, HgAel gAlasT) Ay 58S
717) 918101 pH 7468 3k n|AIRtE 715 B AdAlz
ARk A58 Y AREE S Al A48l 1 ks
‘& ARSI pH 2438 el S8 @79 pH gl wjet
A pEpe] A WsE oA AEd o okie] WEs 2HE
£ Qo0 amld o 2 pH 7H43 S8l o] gahd BAlE BX
2] B35 HQ T k= BH0ME e pK, ¥} W& pHE &
#glo] 3 MEAL] BEEE AR 24 =514 ViR g
A BE2) Eg dolr] 1 34 o ahe e Bd-S wEsh
ok e SRR WEe] Q7 EE e e pHE
A9 pK, oVdeE TIMAM VZHAE Bl Wl &
e Edo] J&ap WEd & Qlvh o#sk pH 183 Ssbde)
BEAE o838 shES ARSEP] o]delli= Wb pH #30A 7|
d E2o] Bl 3R vAIIRkE Basle] 7)1 Bl WA
& Haslela, w)e] 24 A 2] pHYF sl wet w@Ale
7157 EAol WEEe] wRRe] T4} Wad Ho|uk

B A7elrs 3R AlFA S pH 388 F8H viA|dale)
58 7S Eolal) St A wAlE, AeAlE ANE pH 488
PMAA~co~EGMA) 3Hg w|Aigzte] ez g4gdsh= b
& s, 2 g2 Rh~Blrhodamine—B) 2l ascorbic
acid, adenosine, EGCG, arbutin®} Z=2 oj2] 711 7154 £29)
TS F3e] oo BAEES 98 5 UEE gAIREel
e e g Aeole] A Al disle] dolrgie) 12
3 HAE Rh-BO) ¥ A3S 8310 $4€ PMAA—co-EGMA)
3 A1) pH Bigle] W QEiEe) WEAES ARSI

>

g

o

N

4 ¥

Mz AEe) AF methacrylic acid(MAA), poly (ethylene
glycol) methacrylate MW=526, PEGMA), poly (ethylene glycol)
dimethacrylate MW=330, PEGDMA), silicon oil, Span®20&
Sigma—AldrichAHUSA) 258, 3535 7/WNAR] Irgacure® 184

2|, #3294 #5%, 20084
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AL ARy il Axs ralale) A% 548, pH 2.0
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wow sk o 71s B4 A 2 &g B
= HPLCE ol3lo] E7gaisich 4o AM¥ HPLCE WatersAt
(USA) 2] 600 s Controller, 616 Pump, 717 plus Autosampler
996 Photodiode array detector ® T3% %124, HPLC column
2 VarianAHUSA) ¢ Polaris C18—A (300 mm X 4.6 mm, 5 um)
S AMEEIPE) 7 ved EEE) digt 4 2212 ascorbic acid
o] AL ol%A AR watere]l 0.1% trifluoroacetic acid(TFA), ¢}
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452 1.0 mL/min® |tk Arbutin®] 7 dlo]erto s 97 5%
water ¢ 2.5% ACN®l| 0.1% TFAS A861 #452 1.0 mL/

min®| ek 2 71573 EAEL] £ 992 ascorbic acid, adenosine,
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Figure 1. Optical micrograph of P(IMAA—co—EGMA) hydrogel
microparticles.
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Figure 2. Equilibrium weight swelling ratio of P(IMAA—co—

EGMA) hydrogel microparticles as a function of pH (average *
SD, n=3~5).
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Figure 3. Cumulative amount of loaded Rh—B in PIMAA—co—

EGMA) hydrogel microparticles as a function of time (average
1 SD, n=3~5).
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Figure 4. Rh—B structures. (a) unionzed structure, (b) cation
structure, (c) zwitterion structure, and (d) lactone structure.,
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I S1=FA7]e) 2JEle] 3,500 pKLE ZEd, @A) pH 6.59)4
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Table 1. Loading Efficiency of Functional Materials for the Cos-
metic Application in P(MAA-co-EGMA) Hydrogel Microparticles
after 24 hours (Average £ SD, n=3~5)

Loading efficiency (%)

Ascorbic acid  Adenosine EGCG Arbutin
0(+0) 1.9(%0.8) 18.3(£0.7) 4.8(+0.6)
CH,0OH |CHQOH CH,CH

HC—OH HC—CH HC—O0H
(0) O O
O o] O
HO OH 0 OH 0 o
Ascorbic acid Anion HA™ Anion A%~

Figure 5. Ascorbic acid structures. (a) unionized structure, (b)
one anion structure, and (c) two anion structure.
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Figure 7. Structures of (a) EGCG and (b) arbutin.
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18.3%, arbutin®] 79 <kt W& 4.8%°131tk EGCGS} arbutin®)
ascorbic acid$} adenosine®l B3l & HAEEE VER= o]
e 2=0] 2L E pKa ake] Aol SJg Aol Figure 7)ol
ERA 217 o] EGCGe Ee] HiEse] s|=8A7)150] 20190 &
Blo]=],* arbutin Figure 7(b) ol YR ule} o] 574¢) s]==
A71EE 2 Itk BEGCGS) arbutin T3t 231 el 3=
FA)719] ol&sle] g3 S7skE ZHA =R4E EGCGS) arbutin®)
74% ascorbic acid®} adenosine®] H]ale] AR o2 =& pK, gk
& 2=t pKae Atlelidr(acid dissociation constant, Kp) &)
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Figure 8. Effect of the environmental pH on the release of Rh—
B from the Rh—B—loaded P(MAA—co—EGMA) hydrogel micro—
particles as a function of time in pH 4.0(2A) and 6.0(4A) buffer
solutions (average = SD, n=3~5).
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