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poly(MMA-co-TMPMA) core-shell #Ele] vl Hd d5E 01 ~ 10 um, 7154 AR 29 F3ke 15 ~ BXKoln] 25
FgL 0% oot Poly(MMA-co-TMPMA) core-shell #eje] v d7ol S/H 7154 AR ¢tAsle AE A o
3 A3t 9o wHF Tl AR silane ATAE =dTeRA FIAL F gk 7153 AR diF IS
A Azt A7 8 polyMMA-co-TMPMA) vl @] A% A& Adzkd A7Ar =gEA] g ngte H8] 256%
AT o $48E AT 5 UUTh

Abstract: Recently, encapsulation studies have been carried out to protect active agents using shell materials such as
polymers, lipids, inorganic materials and the other protective materials. We have prepared copolymers of methylmethacrylate
(MMA) and trimethoxysilylpropylmethacrylate (TMPMA), and the copolymers as shell materials were used for encapsulating
active agents. Poly(MMA-co-TMPMA) spheres were very efficient for encapsulating active agents such as vitamin
derivatives (such as retinol, retinyl palmitate, tocopheryl acetate and ascorbyl tetraisopalmitate) and oil soluble licorice extract
etc. Mean diameters of poly(MMA-co-TMPMA) core-shell spheres containing active agents varied between about 0.1 to 10
um according to the experimental conditions. The loading amount of encapsulating active agents was 15 to 25% (w/w) and
the loading vield was above 90%. The stability of active agents in poly(MMA-co-TMPMA) core-shell spheres prepared
with an UV, absorbing precursor increased by 25% compared with that of active agents in spheres prepared without an UV
absorbing precursor.

Keywords: encapsulation, active agents, methylmethacrylate (MMA), trimethoxysilylpropylmethacrylate (TMPMA), UV absor-
bing precursor
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quioxane (PSQ) AFAE o8 2Y-E AWM ZFuj
ZE7 dlo] wgAFIH ABAHE Fgle] &-A HE 9
weo g dojdrle AMEAE o] 83t methylmethacy-
late (MMA)9} 3-trimethoxysilylpropylmethacylate (TM-
PMA) 35AE Ptz 2 JFe FaAES e
sl FrEAE] BEHom FdEA BAH JdE
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2.1, YNz A 77
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Junsei Chemicalel A -8+ .2H, 3-trimethoxysilylpr-
opylmethacylate (TMPMA)+E Acros OrganicsollA T4
gto] W& AHzglo]l ARt EFAL Unk A% F
& Tdste] ARE3E7] Aol sodium kettled| X FF-3h
A&t T
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retinol 50C)% #EEEvlEo|E(AEH: vitamin A pal-
mitate, 1005} IU/g)E BASFAlol A #3815 0w, HER
C #=A9 olx~zdHEZo|2En|H o] E(/EFH: nikkol
VC-IP)E NikkolAl, EFZ#HE oA Eo]E(/EE: tocopheryl
acetate)™= Rocherl, #8471 2FEE(FEH: licorice ex-
tract GK)& MaruzenAtol Al 33# 935502 F43)
o ARgstgn 1 ¥ 8, AHEAA, triethylamine
(TEA) 52 dutA <t 538 Fdste] Tdl2 ALEs)
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2.2.1. MMA-TMPMA 22|10 2 XfelMAlet M7
of gM
MMA-TMPMA £ 1™ 42 MMASH TMPMA
& 77t 161 g3 400 g& EF9 140 mLell 59 & F
G 9) 02 mol%e] 2,2'-azobis (2-methylpropionitrile)
(AIBN) =+ benzoyl peroxide (BPO)E 78t 70°Cel
A 15 h &< wyksle] ST wHEY o] F

LHE dibef AHzlate] HHS :
TMPMA &2lavs 37) FolA Axd &
mLd =9 20 wt% MMA-TMPMA <2310 E5d
NS Azt
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3-aminopropyltrimethoxysilane (APTMOS)¢t  8H&-A171
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MCA FAHHE 2 A3 Ay =FA 71 6t
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Azt gl /W oEA MMA-TMPMA £
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2.3. Poly(MMA-co-TMPMA) Core-shell e 2|
SHEAN
MMA-TMPMA <£#aMe Exz EXE= gel per-
meation chromatography (GPC) system® & £A3}5it}.
GPC system& WatersAFe] Fuwd Z4AG ym X 46

mm X 250 mm) 7 NS AH-3E L™ detectort RI det-
ector, injectors Rheodyne injector® AH&-StSith Z&%
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FEAES I3t e poly(MMA-co-TMPMA) core-
shell Feje] & FAPARACA(GE700F Cold/FE-SEM,
Jeol, Japan)& o] §3te] #EdIGH oM, T HT U=EE
9l & EA 7] (Microtrac 3000, Microtrac Inc., USA)E o]-&
3to] golsiel. -9 Ax7T S 3w FEA 7| (Infrared
moisture determination balance, FD-240-2, Japan)& 4}
£3t9en], pH 42 pH meter (Orion 320, USA)E
A&kt
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2.5. Poly(MMA-co-TMPMA) Core-shell Tl &%

£ REAZ HHM AlY

Poly(MMA-co-TMPMA) core-shell @& o] g4
FEAE A AFe UV ¢ Fol g kAol
S FEAdEe deE 2 odEdgndoErt x¥E
T& o] &3t UVel digh d7 A4 ¢ ol st o
7} kAL mluEdnk UVel e faxsel A
L& faAFol EFE poly(MMA-co-TMPMA) TE A
g4 2y g5 e NEE Fo| FHF ¢ e
Frdk &70o] 10 mLY B F AdFe] 12h B¢ =
A7 &, HPLCE ol &3t FEAEE 94719 ¥gE &
Atk Geoll dig FadEY B PRl £
g TE o] £ & gle BEFHEI £7]0] 10 mL
A g B 40T A4 0¥ T EASE & HPLCE
ol &3t FEAE Ut WaE A%t

UV 2 Gofl tigh A3 ANge ol L¢HA &%
FEAE AR AgAadt AFAF EFEHA RE

poly(MMA-co-TMPMA) 7& HIARZ 3t 94
AeA7) Fwol st er Ageta 9= poly(MMA-
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Scheme 1. Synthesis of MMA-TMPMA oligomer.
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3.2. saME0| 28E Poly(MMA-co-TMPMA) Co-
re-shell §Eef 72| M=

3.2.1. Poly(MMA-co-TMPMA) Core-shell 2| &4

Poly(MMA-co-TMPMA) 7¢ 4dA= o3 2
o} 94, MMA-TMPMA &2lam¢ 7154 Fad+<
EFd3 e frigud 59 3 AWSAAE Hrhe
T8Aq37 E3ste] O/W AHHAS Azt o] §Yo
TEA & APTMOSSE #Z2 &-2A §kg9 ZulE A7)
3 EFAE AAM3] FEAA AASH EF EFd

we7h dofun], FAlel Aol
TMPMA 2397} APTMOS® Si-O-Si 2%& &
wRbgo]l YAk, TRl <

oi%

o

o d —NH/\/\SI\—OCHs

Hoo | ook,
OCH,

MMA-TMPMA Copolymer

TEA

0.5 wi% Tween 60 in Water

+ Active Ingredients
C

OCH;

TMSMCA

Poly(MMA-co-TMPMA) Core-shell Type Spheres

Scheme 2. Synthesis of poly(MMA-co-TMPMA) core- shell type spheres containing active agents without and with an

UV absorbing precursor.
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APgozy AsdFoz Uk FIHAE Eojde
core-shell Fej9] PIHTE 4& 4+ Utk Poly(MMA-
co-TMPMA) core-shell FE|9) F EH| xMzpet
1F718 EYete whEE GFAAEnE 2eE A
ARG ATFAE MMA-TMPMA €219 % APTMOS
o} Taslo] F FWe] AW stuTzd =95ty
79 g4 HAL Scheme 20 VeI

3.2.2. REMEE RS Poly(MMA-co-TMP-
MA) Core-shell &elo| T Mol d&S
£ 2Ix}

Poly(MMA-co-TMPMA) core-shell &ej8) 7 d4&
MMA-TMPMA &z@lzee] &3 z48] 2 MMA-
TMPMA &8auHe F% ZoZ A48 TEAY 5%
2 7 R HEsHE FaNEY TR0 uwe o
S e A A% F U o g 2 227 o
= E £

Y& SEME ol§3tel Halstdrh 48 P 27
of et ool Mjuee FAG 7o FeE wol: A
2 ¥ g % 99

Poly(MMA-co-TMPMA) T+ @&A4do] AM&5E= MMA-

TMPMA &atefe] zAulels TMPMAY Z H|go]
Figure 1. Microscopic images of poly(MMA-co-TMPMA) 2o A9 MMA-TMPMA £331H pH|oA 7lmere
spheres with a variation of MMA concentration. (a) 80 o] ’

AYE 7] wgel (F5EAE) &ujol &3{A171717F
wt% (b) 50 wt%.

15, BB IMe KOLg

c (d)
Figure 2. SEM images of poly(MMA-co-TMPMA) spheres with a variation of MMA-TMPMA oligomer concentration. (a)

40 wt% (b) 30 wt% (c) 20 wt2% (d) 10 wt%.
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(©) (d
Figure 3. SEM images of poly(MMA-~-co-TMPMA) spheres with a variation of TEA concentration. (a) 30 wi% (b) 14
wt% (¢) 7 wt% (d) 35 wt%.

Table 1. Physical Properties of Poly(MMA-co-TMPMA) Core-shell Type Spheres Containing Active Agents

Volume mean diameter Drving contents”

Active agents (um) (%) pH?
Control? 27 1.36 5.86
Retinol 262 £ 105 192 5.36
Retinyl palmitate 1053 = 243 2.32 512
Tocopheryl acetate 490 £ 163 214 5.97
Ascorbyl tetraisopalmitate 465 £ 0.4 188 584
Oil soluble licorice extract 6.09 £ 3.00 157 5.36
¥ 1 g, 105T, 60 min
® 29 in methanol/water (50/50) solution
© Poly(MMA-co-TMPMA) core-shell type sphere without active agents
Aeifom, MMAS B H&o] £& A9 YHE T Sl bl LoldomA R §uir Y2He 7t
9 277 3 b mwel B byl 43T 9 T EWe 2YH 9A4E §4% 4+ g
goj4 7o Feyl WHHAY Fy5A) R= A% & AR Gud due 4] oY) Yoz Azun
A2 5 ANt FHY MYAe BeAAoR B MMA-TMPMA 22)179) 5o whe 7o) 27 o
& A (Figure 1), MMAY & #]-go] =& TEFAES o= TEA =71 Sl diste 20 ~ 30 wt%
ST A HAROIAY Bdo] HA 7 wAsge  ZAd4 AR Fee #Yw avle 77 g4Hge
o, TMPMA/MMAZS] & H]-go] 1 : 19 A$ tAe o, 40 wt% o3 A, T ZEWo| EFHor Hok
go) 4A4E YA A4S FAY 5 AT olgF A Fakel WIHAY BAE A2 AT & AU, 2
S TMPMAS] o] AL A9 F oMol 7hmut wt?s |8kl A5, 7 FEre WL dojuhA ehkAt

e gEa3)x, Aed A1 F, 2006
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Table 2. Loading Amount of Encapsulated Active Agents
in the Core of Poly(MMA-co-TMPMA) Core-shell Type
Spheres

Active agents Loading amount (wt%)

Retinol 254 £ 132
Retinyl palmitate 1535 = 3.03
Tocopheryl acetate 1894 = 2.05
Ascorbyl tetraisopalmitate 1643 £ 285
Oil soluble licorice extract 2197 £ 135

Fsta o =77 AA 5“*3
e B0 %‘RiEP(Fxgure 2). oleglg dE,

e Ads BFA gl aw,ol
£ 7H O/W ol'BHe] &
7 gy gEoz Arse, gHlure ¥R R

= FEHoA 9 7}Iﬂ_o°1 dojit 84
AL FAY & UE AEZ dgdd 8ol PAH7
gAIZe] BrjH o mm o2 lste] ¢
As] Ztugkgo]l Y7 Aol odd YAEo] ME
EFHSA FAA7] B2l IHDY %u 277k 2773
il A YEvE AeE ARgrh
Poly(MMA-co-TMPMA) T+ 34 Ao TEAY &
718 TEAS o] F5&A digtd 3 ~ 30 wt%
A A%, A FLHD aﬁ Tl FE
AATh TEAS &
o] )J-EHZJ o= ul—a}]e uk
b §49Q0H, TEAY) ¥%7h %e 4%, Si-OH
2ol A oy 7 Fef
WA 53l7] wie] EH
sk Az Ao 79 Wy
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3.3. Poly(MMA-co-TMPMA) Core-shell SEf #
o 228 43

Poly(MMA-co-TMPMA) 79 €34 A3 #Hod
=, Az a8 1 pHE 24318ey 2 A3E Table
1o YeRA AT

Table 1] Webd th2F(control)S FEAFo] T35
A &g Zo] Hod+= poly(MMA-co-TMPMA) =¥+
olty, &Y AL T iR §l Fzhe] FA o] Fojg)
= UEFY FeE Ro|Xgt fFEA R TEH A
7] wiel dxRFGAAA vlfde Wi 22 sy
?7} 7“]13V17114 T i“’“] HAE A

ST EFET] FEAECE Y T AYHes
FH # Aol st

L REAR o9 o9
qe 2 B0l AR
I 9ol fArshelc.

482
ru
3

Poly(MMA-co-TMPMA) ¢ 3¢ =v fFEEE
o] FFHol wet °1'7H Alolg Helow AdiHoz g
Hdgveelert fadees gE 7o 37 U=
7 3A JEiyh dEdgngoEr FEYECE ¥
g o A, 7o EYY A B vtolsq T ®
Ho| EAE Hlgo] AHoR Egton Fo Wy &

gk AstA YRSt

Poly(MMA-co-TMPMA) 9 Az7#FL iz ¢
BE A& 30 wik o9 ZFE ®oH, pHE
50 ~ 6022 yehgtl =3 poly(MMA-co-TMPMA)

Table 3. Formulation of Test Samples for the Stability of Encapsulated Active Agents in the Core of Poly(MMA-

co-TMPMA) Core-shell Type Spheres

Contents #1 #2 #3 #4 #5 #6
Poly(MMA-co-TMPMA) sphere with retinol 10 - - - - -
Poly(MMA-co-TMPMA) sphere with retinyl palnﬁtate - 1.2 - - - -
Poly(MMA-co-TMPMA) sphere with retinol and UV screening precursor ~ - 1.0 - - -
Poly(MMA-co-TMPMA) sphere with retinyl palmitate and UV screening precursor = - - 12 - -

Retinol
Retinyl palmitate

Cream base

— 02 -
- - - - - 03
90 988 90 988 98 997

J. Soc. Cosmet. Scientists Korea, Vol. 32, No. 1, 2006
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Figure 4-1. The stability of encapsulated active agents in
the core of poly(MMA-co-TMPMA) spheres for an UV
irradiation.
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Figure 4—2'.' The stability of encapsulated active agents in
the core of poly(MMA-co-TMPMA) spheres for an UV
irradiation as expose time.
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3.4. Poly(MMA-co-TMPMA) Core-shell HE|
of &R7E REMES FHEAM
Poly(MMA-co-TMPMA) T #HZAl F84389 A%
g Fo A F3tE FToH MMA-TMPMA &
o] diste] FaAdEY ol 30 wind A%, &
glHoz okt 7ot HdES FIE + Usith MMA—

TMPMA &2l3dd] tiste] 30 wi%e FadEs A&
st poly(MMA-co-TMPMA) 75 A|z3dta AFHo

Z ozl 3 URe] TEH FEHEY EHE HPLC
Ardozg 2H3 A3 dEsdst FRALZFZE
A, A4 el BAd st 20 wi% olel Ao
2 52 g FAHUeH, HEGEnEo]ES} ofx
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Figure 5. The stability of encapsulated active agents in
the core of poly(MMA-co-TMPMA) spheres for a heat.
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3.5. Poly(MMA-co-TMPMA) Core-shell &Elel F
of Z&E FadEel oA Tt
Poly(MMA-co-TMPMA) o ®&d Fadae ¢
24 Frte FEAA FEAEQ HEE 2 gEdEn)
HolE7} 2389 polyMMA-co-TMPMA) T& A&}
Aot dElE 2 HEldgnHolErl 28 poly(MMA-

co-TMPMA) 7} 23d et s des
2 dEdgrgolE A8 AAVE £3E EE et

ol UV AL 2 32 B3 2AA fFadee 9t 9
g& HPLCE cl&sto] HlustAeh Zzhe] fEAdwol
e 3gae 242 Table 39 YeEbfAch
3.5.1. UVoll thst faddEel obey

ME o A "yt
UVel digt fFaAdEe g4 3

el 7t e wENE
A7 23 45 2 # 6 AR Mt FE o-t‘%% B
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# 13 # 27 iAoz ass AN S BT B3

T EH A Aol =d® poly(MMA-co-
TMPMA) 7 W&ol fE4% ol ¥ JdE #3 L #
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