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Abstract: In order to develop an intelligent delivery system for cosmetic active agents (e.g., arbutin,
ascorbic acid, and adenosine), pH—responsive P(MAA—co—PEGMA) hydrogel particles having an average
size of approx. 2 ym and spherical shape were synthesized via dispersion photopolymerization. There
was a drastic change in the swelling ratio of P(MAA—co—PEGMA) hydrogels at a pH 5, which is the pK,
of the hydrogel. To determine the factors that have an effect on the loading of cosmetic active agents
into the hydrogel, the loading efficiency of the active agents was investigated at various MAA and EG
compositions of the hydrogel and the loading pH conditions. When the MAA contents in the hydrogel
decreased, the loading efficiency of the active agents increased. In loading experiments with different
pH conditions, the active agents showed higher loading efficiency into the hydrogel at the pH where
the hydrogel was at the swollen state than at the pH where the electrostatic repulsion was minimized.

Keywords: pH—responsive, hydrogel particles, cosmetic active agents, loading efficiency, intelligent
delivery system.
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M=, A& ARE-¥ methacrylic acid(MAA), poly (ethylene
glycol) methacrylate MW=360, PEGMA), poly (ethylene glycol)
dimethacrylate MW=330, PEGDMA), Azl 2%, 99+% L~
ascorbic acid, 712|131 99% oFdli=Ale- Sigma—Aldrich (7]=) 2
8, Trgacure® 184+= Ciba (7]=) Z5E] 741810 ARS3ISITE 1
a1 dHEl¥ DC2501 (bis (polyethylene glycol methylether)
dimethylsilane) & () UH]&(8h=) 25E] Algwto} A-g-s}3lt)
HPLC #4% 918l HPLC grade wateri:= B&J(]=) ZHE],
acetonitrile (ACN)-Z Fisher (7]=) 25, 18|31 99+% tri—
fluoroacetic acid(TFA)+= Sigma—Aldrich (W]=) 25 -¢]3}

Zo|M, A33¢ #15%, 20094
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P(MAA-co-PEGMA) 3P nlMlXie] &Y. 353 sl
P(MAA-co—PEGMA) 3} d2kE Fdap7] 215t dAle] =
2 MAA9 PEGMA & EGE 47} 1:1, 0.8:1. 0.6:1, 0.4:1,
T3 0.2:1 ERE Rk 5, Ao wedA| Sitael deAl of
H] 0.75 mol% 2 PEGDMA, 0.5 wt% Irgacure® 184, ¥kt
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SIEE SMEF0 Bl ¥ WE. & dTelMe s @ER
2= 9RE [ —ascorbic acid, 78] obHlieAlS ARESIITE 3
AE GHEAS] B 2 mg/mlLe) BAER g0 Zizho) Ax
H 3 IR 0.05 g8 9o I ARE AT & AkE g
A AU 78} FE Aol SRTE XAMES skl AAERE
Fato] ehEEith BEAES WES B} 95E Ax 5
A 12HS pH 4.03 pH 6.0 &F-8-hell 242} o st ARE 344
o2 gl IPEAHES] F5F HPLCE ARl S4sla W&
H A9 S v st @EAE] HAFAS oSt
of ARBISItL sk EZ S #X e ARE¥ HPLCE= Waters
2] 600s controller, 616 pump, 717plus autosampler, ~12]3. 996
photodiode array detector® A% 31t} L—Ascorbic acid 4]
o] %, o5/ AR waterel] 0.1% TFA, ©)%57d B2 ACNefl 0.1%
TFAE ARSITE 1452 1.4 mL/min®lal, E52] Tl H4A]
2} 5t Fl ol57d A7} 85%, ©lE7d B7F 156%7t H =5 Sk ot
A HA0] AL lolEako 7 80%2] waters} 20% ACNel 0.1%
TFAS AMEIIT #5452 1.0 mL/min®= 33tk el 2449
739, @ol 5o ® 97.5%2] waters} 2.5% ACNel| 0.1% TFA
2 ARSI 4458 1.0 mL/min®® si9ick B4 wge L-
ascorbic acid®} oFd|ieAl- 254 nm, S8 280 nmE ARE-Sk
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Figure 1. Optical micrograph of P(MAA—co—PEGMA) hydro—
gel particles. Scale bar is 50 pum.
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Figure 2. Equilibrium weight swelling ratio of P(MAA—co—
PEGMA) hydrogel particles having various MAA and EG com—
positions; MAA:EG=1:1(X), MAA:EG=0.8:1()), MAA:EG=
0.6:1(2), MAA(EEG=0.4:1({), and MAA'EG=0.2:1(O).
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Table 1. Ratio of Equilibrium Weight Swelling Ratios at pH 8 (gpxs)
to pH 2 (¢n2) of P(MAA-co-PEGMA) Hydrogel Particles Having
Various MAA and EG Compositions

MAAEG Gons/ Gorrz
1:1 5.39
0.8:1 4.81
0.6:1 4.04
0.4:1 2.82
0.2:1 2.04

Table 2. Loading Efficiency of Cosmetic Active Agents into P(MAA-
co-PEGMA) Hydrogel Particles Having Various MAA and EG
Compositions at pH. 6.5

Loading efficiency, £(%)

MAAEG Ascorbic acid Adenosine
1:1 33.4(£2.0) 1.4(£0.6)
0.8:1 42.1(£3.9) 7.8(+2.9)
0.6:1 41.3(£4.1) 10.4(+1.4)
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Figure 3. Structure of cosmetic active agents: (a) arbutin; (b)
L—ascorbic acid; (¢) adenosine.
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