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ABSTRACT

A study on functional contact lenses with excellent

biocompatibility

Eunsu Lee
Advisor : Prof. Kim, Ho-Joong, Ph.D.
Department of Chemistry

Graduate School of Chosun University

This study is to investigate the physical properties and antifouling
or antioxidant abilities of 4 different functionalized p(HEMA) base
hydrogel contact lenses. At first, to improve antifouling properties,
hydrophilic DMAPS, METAC, DMAPMA each were introduced onto p(HEMA)
hydrogel by two different methods, surface modification and
copolymerization. The resulting functionalized hydrogel contact lenses
showed high water content, enhanced surface wettability and good
trnasmittance. Among the hydrophilic monomers, zwitterionic OMAPS
exhibited superior antifouling properties and copolymerization method
is better than surface modification to reduce protein and bacteria
adsorption onto the hydrogel contact lenses.

Second, antioxidant hydrogels were prepared by introducing dopamine
into p(HEMA) hydrogel by 2 different methods. Dopamine was introduced

by condensation reaction with carboxylic acid of methacrylic acid of
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hydrogel prepared by radical polymerization of HEMA, EGDMA and
methacrylic anhydride. Another antioxidant hydrogels were synthesized
by condensation reaction between dopamine and alginic acid of
methacrylate alginic acid interpenetrating polymer network structure
(MA-IPN) with p(HEMA). The resulting antioxidant hydrogel lenses
exhibited more than 90% of visible light transmittance, high (about
50%) water contents. The antioxidant properties were evaluated using
DPPH radical scavenging assay and measured antioxidant activities were
comparable to 75~85% (copolymer of methacrylic acid), and about 50%
(MA-IPN hydrogels) of ascorbic acid. As a result, the prepared
antioxidant hydrogel contact lenses showed superior antioxidant
activities although a small amount of dopamine group was employed.

This study indicates that these functionalized p(HEMA) hydrogels may
facilitate to improve antifouling and antioxidant properties in

biomedical devices and ophthalmic materials.
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1. Introduction

1.1. OIE& HiZ
ZEHE gXEs= A WA SHOoZ F9o 2aH) 2= BtrE &X0]
Ct. 2Bt o2 &AW Met 6lEQ AZEZ UHDN &MAe 32 Ral, O
g X% &2 == S 2 fl= st WZol Bt =Xl 32 of
olezdl = x4 DEXNZE M=EC. £8, &4 (hydrophilic,
~filcon) A Z=4 (hydrophobic, —falcon) X2 2FEI|E &tCt.'
ZEHE diXx gz AIZEZI| foiMeE &t EE0] SotC. =2 2
o2 g20| gtz AR I ===22H MAE S=EH, A &
WES 02T 0IR2 = AW AGs AEAS XUCH? JIXH S0 I
=S¢ot ot ZHE dlX= 19363 Mulle2 Ohringdl 2ol H& HEEHUJU2H,
cellulose acetate butyrate (CAB), silicone, silicone crylate,
fluorocarbonate S2 M2Jt 0I2F D JACH (O 1).8
Rigid CLs
{ ¢ siloxy (r;n:{ﬂ;f)crylate Iﬂ:"l’_‘r:c'glﬁ’:e{
HiC OR
3:C=CH2 roleor o o o | (F3AA)
0=C OR oR R
0-CHy
methyl methacrylate gk o, cocHs or, COCHMEH,
(MMA) cellulose acetate
butyrate (CAB)
Soft CLs
Silicone-based M
Hydrophilic Monomers CHs Ghy HoC=CH
ann— Q= SI“W“ 0. C¢GH2 ch:o
¢ ¢ ¢ ‘L s be® He
- HyCs, c polydimethylsiloxane Hz'l-"’CHz LHz
HC cgzo HaG:c=CH1 2 ﬁH " (PDMS) LT N . T " m; “Z“s,\o w_%
HiC-N =C, Hie' e=0 o= C 0 e He  ©
CHy OH sz—c'Hz Hzc: n-g,c*élﬂjm-i3 Hg cfH:-cna
N, N-dimethyl- methacrylate i CHz o p . o - .
T iy oo s
(NVP) hydroxyethyl propylsilane (TPVC)
methacrylate (TRIS)
(HEMA)
02 1. REE X0 22¢ UBHOZ AREE WHS*

Collection @ chosun



i0J

00

]I
3

a

n0

—_

0

)
<
®)

il

HE

210 hydroxyethy| methacrylate (HEMA)Z CH

0 IHE =

=
IT

0l

il

)

f

clZ2e JIdl &

<N

i0J
<+
{H

otolEE2Z 2 L= == UL

o0

=
1o

RO

i0J

=220 AtSEH=

|2 JIgt S

c
TRIS (trimethylsiloxy silane),

o]
Rl
J

oll

ot
E

s
]

oI
RO
0l

0

TPVS

S22 POMS (polydimethylsiloxane),

(tris—(trimethylsiloxysilyl) tropylvinyl carbamate) S0l QUC}.

U

oJ

o

9]

b

==
S

FH

S
=

methacrylate)S Jtw Ml 2t

Otto WichterleOl 2

(hydroxyethy!|

HEMA
p(HEMA)

oD
Rl

H OH

0

o
ju—

ol
J

F

ICH.%7 p(HEMA) D

B

MEZ AHEE

00
g

ol

i0J
o0

i0J

K

11
Kl

T
Wi

il

38% Ol
N-vinylpyrrolidone (NVP)

O,

o]
HH

il
=
Wk

<
<J

o

il

Ju
Kl

T
Wi
il

M

Ulo

, mathacrylic acid (MA),

51

cC

Ck.

00

ol
]

Wk
N
<J
ok
Ok
<+

o0

—_

0l
o0
ol
H

un

=

uJ
0

H Ol U=R=0

I=

o3

Rr

Ju

=8

)
I

Ok

-

al
fl

il

OF
~0

ioll
0

-

KM
o
Kl

D

_

0d

]

U
()

o3
<+

ioll

ol
Ulo

il
L]

Ju

il
o

-
Ok

10

Ju
ot

<+

X+
A

Ju

o)

&

(antifouling) SAS M

g 20lAl= olol
Xl (antifouling) HIHLISS LIE

ol
R
o

ol
=l
O
=<
20

oL

=]

UEPNRS]

I

2

BH Xl
&0

Iz =g = UL

INEY

Ju
©

-

10

ol
R

U
H

scld FHO0

o)

[0
=
[
_lu_
Ok

R0

ol

J

Rr

~
K]
RO

o

S

s

<}

O
i0J

Collection @ chosun



O et 4JtX2

=
[=]

£ HE U

eH O
==

g
o

1
ki

0l
Rr
KD

X
ol

fill

10
JIJ

5
of

on
X0
oD
=l

D

_

0

fill

-

10
JIJ

)

oI

X CHAF SH (metabolic

Live microbe
Dead microbe

Ll

g

M

T T z
Biocidal mechanisms

TSR | ?
Antifouling mechanisms

steric

(exclusion

(A) X erg

(electrostatic repulsion),

=
= .

Antifouling O ZHLI

2.
repulsion),

g

T

o

i
o

(C)

(D) MMM &= (biocide releasing),

=

|j|_|-UI-

|I—I
a

&0

(B) &
O Xl (low surface energy),

(E)

(contact-active)™

N =
==

=

ol

= PEG

= 0

2

(antifouling)

=

@

(polyethylene glycol) 2t

I.

g
o

o

(@)
Ko
<+

o
X0
160

E
1}
X0
0
ol

Ko
<+

<+
!
IH
~
~

H
il
10

=
[
O
z

Kl0

=8

o

oD
fal

<

(=

10D
I

z|

A2t = 2A AtOI2 2Kt

jid

O A 1

otHl = L.

K

)

K
<+

ol
=
JI[d
B

HOF LEEFLHDY,

=)
iof

Ju

19
~
KIO

=
un

&l

i
<

-

nO

—_

10y
<+

0l

Collection @ chosun



ANEZIIt 20

S 0lA

oI

J
i

KM
o

g

o

=8

Kl

=

0

)
0
70

]I

-

<0

o]
K0

oJ

I

21,22

U
]

ol
X0
Kt

0
Rr
KJ

Ju
AK

Uk
i

s}
KJ
00

c
KJ

0L

Kb (zwitterionic polymer)S 2t

=

l=2d

0

=
=

3

o
o

b

C

!
o
0
750

0l
oD

=8

0l
wr

ol
Rl

ol
=l
O
&0

=
20

—_

=

0l
o0
X0
60

oI
Ko
<+

o]
A0

1o

XH0il Bl

IH
&

)
<
R/

ol
Rl
J

oll

tor 3L

)

Io
il
IS
3"
o

KM
o

phophorylcholines,

0l QCH (08 3).# 0l 1

Rr
=

JU
)

&)
0

Rr
Oir

oL

=
=&

}

=X

=
[=)

sulfobetaines, carboxylbetaines

CBMA SBMA

S50 &
PMPC

I HH

Ju
)
0{0

=
1o

ok

ol
&

0

10

n0

fulJ

C

glE AFZ A

o1

0l

=

=

(reactive oxygen species, ROS)

ZOICkH.

U=
Xl
ol <

00
I

9]

-

00

-

o

ol
ar

H
Rr
K

HE Ol A

=

OF

[N

-

<0

0l
Ul
K0

N
<J

0
ol

)

A

24

oft

, Al =

AH 2}
k=1

K0

_

oJ

o3
g

e

By}
oll

B

i0J

b= of
10

<+

ol
ioll
3r

i0J

K0

Collection @ chosun



| O ddE 22 (08 4), 4 NESHA &&8AH &

m k-
Ol
T
010

Non-enzymatic & Enzymatic
antioxidants

1 T

> Fo'ﬁnanon of ROS —— Cellular Damage

i l-\LDH.’!A‘['--‘ R e f
CAT(?) VitE

DNA
(madification/cleavage)

Protein
A (modification)

08 4. =0AMS 24 &4 BS0 My BB

24 A BES SUECZ MIAGH| st SHCZ Zl2Hs HEY &
Atst S 20| 28t A0 A SO0ICH. Hs HEL 222 AZ22 AE O
A DHEOIA MATZI0 2 8,0008 0l&2e =ZE0l M UCH. 0l 5, 22
H=2 H0& 24 0l&2 H= +# XD JA2D 300 OlAe H=s 2%
£ 2t= 2X2 EtHl (tannins)22 LAHM UCH (O 5).7%

Z2| H=Rs2 stst E42 30 =2 HAHALISSZ 8dEt (O
6).% FHOIA 22l HsRs £4 X MY (hydrogen atom

M
0]
oo
z
o
M w

transfer, HAT) &2 &&X &Y (single electron transfer, SET) MH&ES

Sofl Xt= ctblz2 = dlzdst AlZICH 0] HES Sl Atss 2UZE2 RH =

=2 O = (==}
2 R-2 CHHE SISEOR Wotl, Ar0, &2 ArOH' " o Hid RxE 2t
= ctlIZ0l gd&=0 sd fxo SE422 Qo Md= ctbiZ2 etdE st

SOl 2Ol &40| YOrKIH SICH.3%

{ICollection @ chosun



hydroxy stilbene
Ho—€ }J @

flavan-3-ols

oS

(-)}-epicatechin

hydrolyzable tannins

Pan X % Frrc

ghicogallin

O 5. 0ad JHX EEie 22| Hs§"

Collection @ chosun



1. Hydrogen Atom Transfer (HAT)

5 fH"\fa OH homolytic rupture o)
+ — = RH \O\
A

Ar

"
2. Sigle Electron Transfer (SET)
o electron abstraction
Re H™ from the HOMO - .0
S +
Ar

Ar

3. Transition Metals Chelation (TMC)

metal ligation HO
_— -
02 6. Z2| H=29 aatst HHLIBSS
- 7 -

Collection @ chosun

n+ site 1



=

AZ20HAM 2=

ot 9]

JU
ot

9]

ioll

ol

gteg

=
=

p(HEMA)

NIOICH.2** Poly(2-hydroxyethy| methacrylate),

olol=2&=2 JIAHA

=<
T

Ulo

70
=
Wk

0

o

o0

g,

ol

-

S
A

A

=4,

Ch.4

AN

o

MZ el AFZED

g

o

=8
Kl

T

o
Ul
IH
X0

—_

n

o
o0
I

4

]
JH

8.
e}
040
|

1
Kl
Gl
Wl
il

Ml

ioll

ol

=
30

nO

I3

=0ICH.*Y

o

| SH

PN
[y

@4 (antifouling) JH& Db

I.

o
g
o

gt

Uk
00

!

IH
&

)
<+
R/

Ju
)
0{0

=
1o

o
T

=S

(antifouling)

=

@

(dextran,

dl

(PEG),
phosphorylchol ine
ULCH. 0olI=

0l

| —

o

(CBMA))

)38
(2-methacryloyloxyethy!

=
[=)

hyaluronic acid
carboxybetaine methacrylate

(MPC),

=
fill

-

10

ol
fal

Rr

(atom transfer

ol

ATRP),

radical

polymerization,
oA

K0

Cl2t
—_ O

{21 DMAPS, METAC, DMAPMAE 2

X

20K TOHE

St 2t =

=1

| Jis

@)

ol
I

19)
20
ol

040
|

Kl
il
|
i)

M)

i0J

U
()

tOl

p(HEMA)

Collection @ chosun



)

SHI CHA U SEHZI0F EE S, FAS SHZ FAGIY 2 U g
2 SHI S5 SAS 2= JISH BH0ICRY AHE MRS IS5 DX
oHACH

HyC. CHs
CHs
Scheme 1. DMAPSS| 38t X
3-[[2-(Methacryloyloxy)ethyl ]dimethy|ammonio]propane—1-sul fonate

Scheme 2. METACS| 38t X
[2-(Methacryloyloxy)ethyl]trimethylammonium chloride solution

O
Hzcﬁ)“\ H /\/\ I\‘I_ CH3
CH3 CH3

Scheme 3. DMAPMAS| &t&F X
N-[3-(Dimethylamino)propy! Imethacrylamide
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2. Experiment

2.1. Materials

HEMA, EGDMA, DMAPS, METAC, DOMAPMA, dopamine, methacrylic
anhydride (MA)= Sigma Aldrich (MO, USA)OI A & 5tACH.
Difco™Mueller-Hinton broth medium& Thermo Fisher Scientific
(Leicestershire, UK)OMIA P33t} D AIBNI  benzophenone2
Junsei (Tokyo, Japan)2t Daejung Chemical & Metal Co.(Shiheung, Korea)Ol
M TOHGHCH. Acetone, trifluoroacetic acid ¥ JIEt e 248 S22
2 FIt M 80 AFZSHRULCE.

2.2. Synthesis of hydrogel contact lends

2.2.1. p(HEMA) HES DIs3stE SH0IEZ22 BX9 H=E

HEMA EHEfMlE S8 & &3 S7 YE2z =8 XM & === X
( V= ),

gt = ALEGHRUCH. EGOMA 40 mg (0.2 wt%) 65 16 mg (0.2 wt%), OMA 0.16
g (0.2 wt%)E 7.784 g (97.3 wt%)2l HEMARL E8&6tD 302 =2 ALIAOIE
OtRULH. =gE E2UsS 2HEHX S0 =otl, 120C2 2=0AM 30=
2t S Sof 2HEUHXE MNIotALH. HSOHE dXIt S EZRH €
D] HESF 24A2Se SF0 84 SAL. S=0A BIEE EEE
=, 400mL EO0l2=0l 20 0iets SEH &Eote HAINME 2283 M

ULH. 12 33 == Z0tFEAN 222t 4 BHEHS Mol

_']D_
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2.2.1.2. p(DMAPS), p(METAC), p(DMAPMA)
HA J|sst

Oldel 20E ZXH0l [t p(HEMA) SHOIE2Z XS Fad Hterrel
OMAPS, METAC, DMAPMAS O0IS5t0d =™ JlsstotdcH ™ =

o=
AN BSHBIHCH. A HZX=E 8l XZ benzophenone OLAMIE 2 (10mg/mL) 0l

1]
=
0P
o
©
T
m
z
o
I

1= S g2 = A2 St A3 AHAXAIZCE. Ol A, benzophenoneOl &
=& p(HEMA) BIZE 0.10 M, 0.25 M & 0.50 M2l L& 2| DMAPS =SH &
0 Os SHHNA Z23eS AAIoHAL

MES 150 GI15TBE 2 (Sankyo-Denki, Tokyo, Japan) 8JHZ & &I
HE SHAMA 1562 St W-B(~320 nm)E O0IE5I0] =&AL MEZS
HI HHOUAM HH =, OtMED == 0180t 0IB+ES HHEH, WeEel B
ZHe=, BIS 2420 MIXIILIES MARMCH p(HEMA) StOIE=2 2D 318t
ZEGHA 22 p(OMAPS) DEXE HMHGHI| <6 HEE &tol=E22 XS
DO OtMIED E0I22] SEH0 HM ZUCH L=z M =X
= 0T QLENAM 1-2A128 HAEZAIZCH. =28 WES METAC, DMAPMA SHEt
HE 0/E0t0 =HotAULCtH.

2.2.2. p(HEMA-Co-DMAPS) dtolEZ22!9 &4
HEMA SHExel S XM & 2 SRS
OA, B 101 M= et SHEH ME0l et 358 ol0l=2d SXE
Mot 2= M0l CHoll Jtwl M, EGOMA, JHAIKI & AIBNSl 22 2+t
0.4 2 0.5 3 %2 SXNACH. SSEHM ct0I=E2 2 (5wt% MPC) 2l X =0l
CHol 2t&fotHl 2ZotH 9.4292] HEMA &AM, 0.50921 OMAPS ZEHERAI,
0.04g2| EGDMA & 0.05g2 AIBNS HIOIZ 0l & Itat
clotALH. EH0l FHol XY, ddaE ENXRS =
120C2 220lA 3022t ESeot otol=2d ZHE X

SE0AN ZEHEHXE A6

—

= Ao
==

J

ol

TAIZE S¢et

m K
0l0
=
z-il_l

I
o
!
B
l
In
<2
B b
ST
39 o
(i

=
1
o
pal

ol HMstll <ol ot=F M B == ZO0=8A 02t F46HATH. M=

A= 90T 2=0A 1-2AI12 A ZXAIRLCE.

_']1_
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Table 1. S&& Jtul ol0l==2Z 2| SHEM, JtuH, HAINHS S8l =4

B} CHEfRl, JFA, JHAIH =& (wt %)
sloleEz 2
HENMA DMAPS METAC EGDMA AIBN
p (HEMA)-H 100 - - 0.4 0.5
p (HEMA-co—5% DMAPS) 95 5 - 0.4 0.5
p (HEMA-co—10% DMAPS) 90 10 - 0.4 0.5
p (HEMA-co—5% METAC) 95 - 5 0.4 0.5
p (HEMA-co—10% METAC) 90 - 10 0.4 0.5
2.2.3. TIl9l SEHZ J|lsstE satg sl0jE22 el X HXE
HEMA CtHEfdle M3 SFE Sol S8 2AAd & === FMs = A2
ot Ch. EGDMA 0.08g, AIBN 0.1g, Methacrylic acid 0.6g= HEMA 19.22g1t
Sgst & A2 S A20A WEHOIGCH, 0| EHH XK, MA= &
HEs BEHE X IS =S OIS, 120C2 220A 3022 =& o6t
ZEEMAE HXEGI/UCH. Q20A HUH F SEZLH dXE gH €6t
J|l fIotH SF0 24A2ts0F ERHED. S EWN BHEHXE E =6t
=, Y0IyesE DletsS A2t HAIME =t&6l HAHGH| foi ot 33
=S 2Z0IFHAN 0IE2 EHGIGEL. 0lF dlEAE 90T 220M 1-2A12¢
HEAIZLCH
MZEE X0 dopamine2 T &aot)| {5t HIOIZH HMZEE GHoOlEz22
ZEHE glX NHS 5.64mg, EDC 9.39mg=2 <12, Dopamine 22+ 30mg, 60mg,

Omg= E O 3042 HIOIY S =H|StCh. 2 HIOIZ 2 shaking incubator2 24
A2 S0 HAO0I=CH. OIEFZS0 A BAIZISOH E=22 HHE & =228 &

&35l MGk ?oh otF 32 == Z0tF=2A 0l
2

_']2_
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=X Jtw X p(HEMA) St
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=
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=
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©
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2.3. Characterization methods

3

KIr
(1]

Wk

wor
0

ol
Kl
i

2.3.1.

EH

I

el
=]

I

= N
= L=
—_ O

Shimadzu, UV-1650PC

Sofl ZAMGHALCE.

=R
(Tokyo, Japan)E AF=20dI(

Al
=

transmittance

o

0l
RO
KIr

-

Al

AN

& g2olA

=32 &=0M 300-800 nm<

R0
I

ojlez 2

e}

2.3.2.

83
1}
RO
KIr

0l
pall
RO
K

gl X E phosphate-buffered saline(PBS, pH 7.4)0l
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[¢]

b1 <

Hamburg, Germany)S Al

Al
=

IOlEZ

o)
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=
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_
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OH

= =

o

=
S

Ct. Ol 20 uLE Cc18Zd (LUNA-C18, 4.6 x
Phenomenex, Torrance, CA, USA)Ol F=ol0d 246t LEH.

45 2, Y2 1.0nL/222 SFHStAL.

Lek2 1

[—

150 mm, 5 um;
HPLC &lsH AlZ2t2

Table 2. MZE 2IB=229 &=
Ingredients Amount (g) / L
Lysozyme 1.20 g
Albumin 3.88 g
NaCl 7.00 g
KCI 1.70 g
CaCl» 0.05 g
NaHCOs 2.20 g
2.3.5. ol0|E2& glX9 stzgd EHIt
Mueller-Hinton HHXIE AbZoH 21 g/L ==2 HHXI 22X 50 mLE M X8
=, 200 mL &2 SetA30 ERUCEH. O BRI XS 121 C, 15 2 ¢t 1
& Bl B2 =, 37 CTHA HASHAUCH. HII0 E.coli stock solutions 1
mL JtSt1) 37 C shaker incubatorOlA 6 Al2t SO BHGHRALCE. M D=
St 2t SLUGHH 2 L A= E2tA3 S OHOl Muel ler-Hinton HBHXl &4
200 mL 2SS 22 M2 = L& I = AAlotld 37 THAl H2HSHC.
OI10l 2AM M8 E.coli BHLMS 2 mL&A Jtotl) 37 C shaker incubator
OlA BELEE(12A12F) SOF BHY0H0] E.coli @ XS Z=UHIGHRICEH
ol0IEZZ BMXE 70% Ogts =EHUAN B2 Xilst =, B2 SF+E
AESIH &3 eSS SUS NS = MAEs dXS AgoldAs HEL
2ol EACH. E.coli = 4 400 mLOI EIIH ot EIIE L= = orbital
shaker 2 6AI2t SOt E&ot0f &lX THO E.coli @0 12 & £ Q
- 16 -
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H OGHACH. 2 BHES OrF MEZ 2 HNM N 50 nL 22 240 1
22 g2 &, YRS 2

incubatorlA ESHAS HBHYGITLCH. 8AIZE & 1 mLe MEZS Fotd WY

Spectrophotometer£ Aol 595 nm LIEHOIIAl HiOH MESOl S2ACE =
HOIAULCH. LBt X HHl @4 & HIZ2(%)2 Otefel AlS Sl H AT

e~
O
(2]
(0]
=
U
.
Q
=4
=
09
2
x
10
[
<<
o
0
il

2.3.6. DPPH 2tC|E AHE &

sttt Jlsds EItohd|l ol

(B4

_O'j
o
In
Hu
e
&
I
uin
10
0!
ton

= HAF20A HZxE
OPPH &2 (0.2 mM)el ctCIZ &
(SHIMADZU UV-2600)E 0I&3t0d =HGHRUCH. DPPH 0.079 g=
S0 =0 DPPH SHS M8 =, 1081 3/4GHH DPPH EHRCZ ALEGHRA
{, 0.2 mM DPPH EH= 2 H

H HEE U-vis spectrophotometer
100 mLel Ofl et

O

_

Ch BIXSS 20 L 244 BROIOl 242t &

Ol 2.7 mLE EIIotRUCH. 37COHA Al S wWBotHE A 517 nmOilA <
2N S25 PIE SEHOIULCH. OLADEMO B2, 0.04 M &2 0tAR
gab =N 0.3 mLOll 2.7 mL2 DPPH EX/E HOtot, 2UZE LAHES =
ottt

HZ AAE (%) = 100X e

_17_
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3. Results and discussion

Scheme 4= &4 Ml DMAPSE HH JIsstE otolE22 X9 X

LHEHHCEH, HEMA CSHEFHMIQF Dt MICI EGOMA, JHAIKIC!

T ges AlB =
E B2 S0 €0 =82 Sl p(HEMA) hydrogel AEHERMXE [NXE
OtACH. <129 Yoz S0 p(HEMA) SIOIEZZ EHO HWXH=2 &
ZAI2] =, DMAPS =S XA L0l 2Et ctCiZ S&sS Sol DMAPS SIS
£ ool HOH =g SARAUCH ololE=22de HH Jissise
OMAPS =&%Jt 0.0 0.1 M, 0.15 M2l =2 ZANA OIFHZTLD O

0.05 M ol
HZXel HEHEUXE 212 p p(DMAPS)0.05, p(HEMA)/p(DMAPS)O.

HEMA)

o —~

E U
kJ
02
02
_O'j
8
D ~

20AM D=t LS 0l&ot0 2x=d HEHME OMAPSOIA  METACRt
OMAPMAZ ~ BHI3tAIA  2t2f p(HEMA)/p(METAC)0.05,  p(HEMA)/p(METAC)O.1,
p(HEMA) /p(METAC)O. 152 p(HEMA)/p(DMAPMA)0.05,  p(HEMA)/p(DMAPMA)O. 1,
p(HEMA) /p(DMAPMA)0. 152 HEH JIS35tE Gl0IEZR 2 ABE-MX F 9ES A
Lot ALk,

_']8_
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, p(DMAPMA) > p(DMAPS) > p(METAC)2l &=M=Z &

H

[m;

wolf &

a!

o
U

)
Tl

RO
KIr

-

Al
Kir
KD

-

Al
Kir
KD

75.3
74.2
69.4
9.7
77.0
76.6
70.1
65.1

35.9
39.0
37.3
38.9
38.6
40.2
38.6
36.6
37.7
- 20 -

0.05

0.1
0.05

0.1
0.05

0.1

p(HEMA)

p(HEMA) /p (DMAPS ) x
p(HEMA) /p (METAC) x
p(HEMA) /p (DMAPMA) x
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74.2 69.4
() (d)
79.7 71.7 77.0
(e) ) (@)

© o <)
(h) = ® = +

a8 7. (a) p(HEMA) hydrogel, (b) p(HEMA)/p(DMAPS)0.05,
(c) p(HEMA)/p(DMAPS)0.1, (d) p(HEMA)/p(DMAPS)0.15,
(e) p(HEMA)/p(METAC)O.1, (f) p(HEMA)/p(METAC)0.15,
(g) p(HEMA) /p(METAC)0.05, (h) p(HEMA)/p(DMAPMA)0.05,
(i) p(HEMA)/p(OMAPMA)O.1, (j) p(HEMA)/p(DMAPMA)0.1521 E=2t At&l
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100

50

Transmittance(%)

= p(HEMA)

—e— p(HEMA)/p(DMAP$)0.05
—A— p(HEMA)/p(DMAPS)0.1
—w— p(HEMA)/p(DMAPS)0.15
—4— p(HEMA)/p(METAC)0.05
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T T T T T T T T
400 500 600 700 800
Wavelength(nm)
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CH, CH;
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CHj 0 _
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AIBN \\‘h“JJ?
Free-radical

polymerization

Scheme 5. Schematic repesentation of the copolymer hydrogel lenses
prepared by HEMA and DMAPS monomers, p(HEMA-co-DMAPS).
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2 15. (a) p(HEMA) hydrogel,
(b) p(HEMA-Co-5%OMAPS), (c) p(HEMA-Co-10%0OMAPS)
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Scheme 6. Synthesis of antioxidant contact lenses via condensation

reaction between dopamine and MA of copolymer hydrogel .
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Scheme 7. Schematic representation for synthesis of methacrylate
alginic acid-interpenetrating polymer network (MA-IPN) hydrogel lens

functionalized with dopamine.
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