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Synthesis of [P(AA-co-PEGMM)] Copolymer Films and
its Physicochemical Characteristics
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ABSTRACT-The physicochemical characteristics such as glass transition temperature (Tg), surface energy, swelling
and FT-IR of [P(AA-co-PEGMM)], a copolymer of acrylic acid (AA) and polyethyleneglycol monoethylether mono
methacrylate (PEGMM), were evaluated. The Tg of [P(AA-co-PEGMM)] decreased with increasing PEGMM content.
[P(AA-co-PEGMM)] with 18 mole% PEGMM had the Tg of about 40°C, the similar physiological temperature of
human. Moreover, [P(AA-co-PEGMM)]} with lower PEGMM content had higher hydration and expected lower
mucoadhesive strengths. To predict the mucoadhesiveness of [P(AA-co-PEGMM)] films, the contact angle of films
were measured. With the increasing content of PEGMM of films, the contact angle was increased and the higher
mucoadhesive forces was expected. ATR-FTIR studies revealed that the addition of the PEG moiety in AA increased
the potential of hydrogen bonding for [P(AA-co-PEGMM)] as compared to cross linking polyacrylic acid (cr-PAA)
because the oxygen in the repeat unit of PEG contributed in the formation of hydrogen bonding in the presence of

mucin solution.
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Figure 1-Synthesis of [P(AA-co-PEGMM)] copolymer.
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Butorphanol tartrate (73 & A ¢F, Korea), acrylic acid
(AA, Aldrich Chem. Co., US.A), poly ethylene glycol
(PEG M.W. 200, Junsei Chem. Co. Litd., Japan), mono-
ethylether monomethacrylate macromers (PEGMM, Poly-
sciences Inc., U.S.A),‘ De-hibit 200 ion-exchange resin
(Polysciences Inc., U.S.A)), 2,2-azo isobutyronitrile (AIBN,
Jassen Chemica.,, U.S.A)), hydrogen peroxide (Aldrich
Chem. Co., US.A), octane (Aldrich Chem. Co., U.S.A),
crude porcine gastric mucin (Sigma Co. Ltd, U.S.A),
acetic acid (Aldrich Chem. Co., US.A) ¥ 718} AJeke
2T BNE E5EE AMEEig

[P(AA-co-PEGMM)] copolymer 3 cr-PAA, cr-PEG
MMe| M= ,

[P(AA-co-PEGMM)] copolymer+ Xialong % Shojaei
o] g APl Az & AAS PEGMME
Z}2} 24M7F F<E De-hibit 200 Ol LAFFAE EHAA
o ol BEad o]2E AAT F Fivta FYs
ol AASH PEGMME Zo] £8iA17]2, whg AAAA =M
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Dehibiting AA and PEGMM using
De-hibit 200 ion-exchange resin (24hr)

~— Dissolving AA and
PEGMM in N, gas

[ HzOz( initiator )

Injection mixtures in vacuum silicon ring

— 60 °C, 4hr

— 80°C, 14hr

[ P (AA-co-PEGMM) ] copolymer

-—  Washing
THF (24hr)
MeOH (16hr)
DIW (24hr)

- Drying

[ P (AA-co-PEGMM ) ] Patch

Scheme I-Preparation of [P(AA-co-PEGMM)] copolymers.
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PEGMM)] ¥&-8 tetrahydrofuran(THF)o|\ A 24A17}, me-
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Figure 2—-Effect of PEGMM content on glass transition temperature

(Tg) of [P(AA-co-PEGMM)] copolymers. Error bars represent the
mean + S.E. of three experiments.

Table I-Effect of PEGMM Content on Glass Transition Tem-
Perature (Tg) of [P(AA-co-PEGMM)] Copolymers and Compa-

rison with cr-PAA?, cr-PEGMMP
AA9 PEGMMY o
(mole%)  (mole%) Tg (O
100 0 110.00 £ 5.97
97 3 90.00 + 4.91
92 8 82.98 + 4.70
88 12 61.06 + 5.07
85 15 49.19 + 5.09
82 18 39.93 + 4.86
[P(AA-co-PEGMM)] 380 20 35.23 + 3.60
75 25 32,12 £ 3.94
70 30 25.00 £ 4.60
60 40 18.00 + 3.06
40 60 15.00 + 4,06
20 80 8.11 + 4.06
0 100 -10.65 + 4.94
cr-PAA 83.6 + 4.96
cr-PEGMM 15.6 + 5.98
a> b crosstinked with 0.3% EGDMA
acryhc acid

9 polyethylene glycol monoethylether monomethacrylate macromers
(PEG MW 200)
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Figure 3—Comparison of glass transition temperature(Tg) of
[P{AA-co-PEGMM (18 mole%)}] copolymer and cr-PAA, cr-
PEGMM. Error bars represent the mean + S.E. of three experiments.
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Figure 4-Effect of PEGMM content on equilibrium hydration of
[P(AA-co-PEGMM)] copolymers in pH 6.8 phosphate buffer at
37°C. Error bars represent the mean + S.E. of three experiments.
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Figure 5-Effect of (a) pH and (b) PEGMM on equilibrium hy-
dration of [P(AA-co-PEGMM)] copolymers in phosphate buffer at
37°C. Error bars represent the mean + S.E. of three experiments.
Key : (a) @; 3mole%, O; 8mole%, V¥ ; 12mole%, V;
15 mole%, M; 18 mole%, (b) @; pH 6.8, O; pH 5, ¥; pH 3,
V; pH 1.5, B ; DIW.
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Figure 6-Comparison of equilibrium hydration of [P{AA-co-
PEGMM (18 mole%)}] copolymer and cr-PAA, cr-PEGMM in var-
ious pH phosphate buffer at 37°C. Exror bars represent the mean =

S.E. of three experiments. Key : @; cr-PAA, O; [P(AA-co-
PEGMM)], ¥ ; cr-PEGMM.
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9} cr-PAA, cr-PEGMMS] 8T8 thgst pHollA Hl=
3 A0 Z cr-PEGMME pHol| ZHAIRI0) 2] Ba3slA &
gkov} [P{AA-co-PEGMM (18 mole%)}1 copolymers} cr-
PAA= pH 59} pH 6.89A4 F43] 38192 ™ cr-PAA=
[P{AA-co-PEGMM (18 mole%)}] copolymer EU+ &}7}
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Figure 7-Effect of aging on equilibrium hydration of [P{AA-co-
PEGMM (18 mole%)}] copolymer containing in pH 6.8 phosphate

buffer at 37°C. Error bars represent the mean + S.E. of three ex-
periments.
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Figure 82 pH 6.8 AtSAo)x [P{AA-co-PEGMM
(18 mole%)}] copolymer®} cr-PAA, cr-PEGMMe] £xwis}
(0~60°C)el] ™He 3} HslE Hiag 222 crPAAS)

[P{AA-co-PEGMM (18 mole%)}] copolymer=

2EZ7M

w2t BEEst F718t7t 37°C oAl dAsA #A

' Aoz nol F3ddo] Sl AAE BT FeHe
2=9] P A T 9 or-PEGMM A= HIT3
] W7t A9l glo] PEGE %9 9FL ] & Ze
= A7,

=2} (contact angle)2| &

Table = T FA7AE vE] golrr] 943
[P(AA-co-PEGMM)] copolymer, cr-PAA, cr-PEGMM$} +
] A A AR ()8 gel-water AHAAE] F
71¢} octane®] HEZHE s WHE ol&dte A
(dispersive, V) 883 FA(polar, ¥y) HAELZE ol
T3 2o =2 [P(AA-co-PEGMM)] copolymere] 739 AASH
PEGMM®| #H7te PAAC ¥l SHWP)E HAAFLH
AY 2 A () RFo] FE JERE 9 U
53] PAREe BE ZEmo} vl &4 o] )
- Z27] Wl FFEe] 29 AR oA (v =229
dyne/cm)= [P{AA-co-PEGMM (18 mole%)}] copolymere]
EA AF WA (Y= 0.31 dyneem)ol] Bl ¢ EA
Elton cor-PAAE 0.08 dyne/cm, cr-PEGMMS 3.14 dyne/
cme|3ith. Aete] AU E FHEREY A%E 4
e =85 7 A JFe dHe Aol ¥W &
Ao g AR Wi olge A 82L& o A A=
2 ¢ 4 ok H9FHY 39 SAL Y sk &

Table II-Contact Angle and Interfacial Parameters for [P(AA-co-PEGMM)] Copolymers, cr-PAA%, cr-PEGMMP and Buccal

Mucosa

@Qair  Q@octane @ Yo-Yow @1, ® o1 ® vF @ Yoy Yow

[P(AA-co-PEGMM)] 3 18 170 68.48 100.23 18.82  49.74 68.55 0.08

20 168 67.66 99.90 18.37 49.40 67.77 0.12

12 23 159 66.28 97.65 19.18 47.20 66.38 0.11

15 25 152 65.25 95.09 20.65 44.76 65.42 0.16

PEGMM mole(%) 18 28 147 63.57 92.85 21.199 42.68 63.88 0.31

20 32 143 61.06 90.83 20.72 40.84 61.56 0.50

40 42 130 53.51 82.96 21.03 34.07 55.10 1.59

60 45 125 50.91 79.47 21.92 31.26 53.19 227

80 47 123 49.10 78.00 21.58 30.12 51.70 2.60

cr-PAA 16 178 69.21 100.97 18.82 50.47 69.29 0.08

cr-PEGMM 50 120 46.28 75.75 21.01 28.41 49.42 3.14

buccal mucosa 44 125 51.79 79.47 22.82 31.26 54.08 2.29

a), b) crosslinked with 0.3% EGDMA

@ copolymer-water-air angle at 25°C (0 = ¢)

(@ copolymer-water-octane angle at 25°C (8 = 180 - ¢)
@ Yev = Yow=Yowv cOs O (adhesion tention)

@ 1,,= 50.5(1 - cos 6)

2
@vsvz[(vsviw)—lsvvwzJJ

9.3
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® YoP= I / 4P (f-P=50.5 dyne/em)
@ ’st = 'std + YSVp
Ysw™= Yov= Yov COS 6
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Figure 9-ATR-FTIR spectra for the ether oxygen (C-O) stretching
region. (—) The [P{AA-co-PEGMM (18 mole%)}] copolymer in
the presence of mucin solution (mucin solution absorption spectrum
has been substracted as background), () cr-PAA in the presence
of acetic acid, (---) cr-PEGMM in the presence of acetic acid (acetic
acid absorption spectrum has been substracted as background).
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