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Fig. 1. Chemical structure of Hyaluronic acid (HA).
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Edlze] 7)57d o35 913 E9HQl HAS
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sfol=24 Y EZ= AXE $J3] HEMA(Q-Hydro-
xyethyl methacrylate, Junsei, Japan), NVP (N-vinyl pyrrolidone,
Junsei, Japan), GMMA (glycerol monomethacrylate, Melrob,
UK), =70 A1 A1 AIBN (azobis isobutyronitrile, Junsei,
Japan)@} 7} A1 EGDMA (ethylene glycol dimethacrylate,
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Table 1. Sample name and principal monomer of hydrogel
contact lenses used in the study

Hydrogel contact lens (Hy-CL)
Sample name Hy-ipn-HA Hy-ccb-HA
HA® Addition Method IPN’ CcCcB™

HEMAY, NVPY, GMMA?Y,
EGDMA®?, AIBN?

Principal monomer

Methacrylic
anhydride

Principal Reagent used in|

2) h)
HA Addition Method PEI¥, EDC

**: chemical covalent bonding

b)2-hydroxyethyl methacrylate
d)glycerol monomethacrylate

f)azobis isobutyronitrile

*: interpenetrating polymer network
a)hyaluronic acid
¢)N-vinyl-2-pyrrolidone
e)ethylene glycol dimethacrylate
g)polyethylenimine
h)1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

Sigma Aldrich, USA)7} AFS-E| 31t @l=e 7|548E& F
o33}7] $13l HA (hyaluronic acid, molecular weight 10 kDa,
Life Core Biomedical, USA)S A}&-3}9t}. IPN WHS
#13ll PEI (Polyethylenimine, Sigma Aldrich, USA)2} EDC
(1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide, Sigma Aldrich,
USA)E AHE3IA Il CCB WS A F¢7] F3
Methacrylic anhydride(Sigma Aldrich, USA)7} AH&-5 it}
AFFE AXE 93l lysozyme(chicken egg lysozyme,
>90%, Sigma Aldrich, USA)o] A&5 1T},

HA 371 ol me gl=e] Wals dolry] 9js) 4
PN AxZ A=E ARSI CH, AR =9 A
587 7AAE ExH(monomer)E Table 19 YERAATH

>

=N
o
m ym ook

2l
Edlx XM=

| = A %o AHEE HEMATE 337457
(RV-10B, IKA, China)E |83l ¥ SH3IA E-EH
271 A Al (hydroquinone)E A A & AR8-31%
t}. slo|l=E A ZHEANZE A|F3}7] Y3 Table 29+ 2
o] HEMA, NVP, GMMA, AIBN¥} EGDMAS FAH] <
we} £ 3 w8k (MS-2026, MISUNG S&I, Korea)
£ o] g3t 1A]7F FoF Ao wntslgth S e
Z9] A|ZE cast mold Wlo] ARE-EHSloH, T3 e
7 FU"E BE== 90°C drying oven(HST-501S, Hanst,
Korea)oll Al 6417t &<t SEAIZ] & BTolA] d=E

...
It

M

12!
2

Table 2. A component ratio of hydrogel contact lenses used in

the study Unit: wt%
Hydrogel HEMA | NVP | GMMA | AIBN (EGDMA
contact lens 62.2 12 25 04 04
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PEI
HA(hyaluronic acid)

HEMA network HEMA+HA IPN structure
Fig. 2. Synthetic scheme of IPN structure.
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55 T2 AXAFY slo| =24 FHER= A I
83 Rem S I BlEY dxE HAE £33t 1
HAIZ] & EtE BRemE FE0 FYsEATh 90°C
drying oven(HST-501S, Hanst, Korea)oll 4] 6A]7F &2t &

3ol 4] ek

Apely e

NH n
O

HA (hyaluronic acid)
Fig. 3. Synthetic scheme of CCB.
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H7F FAek CCBY] #1782 Fig. 300 WERAIT
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ZHEAN=9] lysozyme F2 545 Hlslr]
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K
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-0,

3. 54 24

1) 25212 (Optical transmittance)

Az Aee] A= s7iE deste] UV-Visible Spectro-
photometer(GENOVA NANO, GENWAY, UK)Z o]-8-5}]
300 nmol| A 800 nm7HA|S] 7 Hjell A ZFzke] Jll =
sl 3 SA3E & Hste] ARESHAT

I-J JIIH

2) g=&(Water content)

Azg 10719 FYENZ MES 0.9% NaCl A2] 2]

ol 24217F FRt FIAA SAT FA9F 90°C drying
ovenol| Al 1A1ZF &9t AZA1Z] dl=9] FAE vlushe=
Fezgwos g 2489 27ke] Az o
3 391 34 F Bus Aeaisct

i} Fote A=e] BA-AzE d=e| £

FFEC0) o =] ~ 100

3) Lysozyme E&H2

Hy- CLQ} IPN, CCB WO 2 HAS F7}st ZdEA=
S-S lysozymeo] E3HE AFwE T8 34 5
OlE% HolE & 1241759t 37°CE FAISHEA] 150
rpm O 2 &3] (Shaking incubator, HB-201SF, Korea)?]
A #l=zo| lysozymes FEAZTH FHEAN= FH &
2+ lysozyme?] FE2 Keith D. S8e] W) wpa}
acetonitrile™} 0.2%9] trifluoroacetic acidE 1:1= &3t
$912 AFESIGLOM, 24AHEY BAAA ZUEZo

am

NH n

o

o
mHA (methacrylated HA)
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Fig. 4. Peak of separated lysozyme by HPLC.

A2 lysozymes FE3I5AT

4) CHEE MEEN

LysozymeS &2A17] FHEANZ MEA F24 &Y
o] T2 HPLC(high performance liquid chromatography,
LC-10AVP, Shimadzu, Japan)S ©]-&-3lo] A3t =
=% 82 syringe filter(pore size 2 pm)Z g & =
U3FF 2™, FE-C18 column(75x 4,6 mm, particle size 2 pys
o]-g3te] AFaFstAth. o542 0.1% trifluoroacetic acid in
acetonitrile™} 0.1% trifluoroacetic acid in waterE 1:18]&Z
3 84S A3 a1, UV-detector(SPD-10A, Shimadzu,
Japan)Z ©]-§-3t] AE¥F 220 nmol A =3
HPLCZ F&| ¥ lysozyme®] 3] (peak)= Fig. 40 UER

1. g8
Zy A= o] S8 =S Table 39 YERIEE. 3to)
=24 ZYHEMNZ(Hy-CL)Y 82 52.68+0.02%%2

UelRskom, HAZL 37He sto|=2 7 Z- Edl=(Hy-ipn-
HA, Hy-ccb-HA)S] &2 60.88+0.01%2} 57.60+
0.00%=Z Yt HAZE 718 =o)X F4-80] S7}
stom FAHCRE fo4ds BATh(p=0.021) H7}t
W W 488 PN ol o8 AlZ2® Hy-ipn-

Table 3. Water content of hydrogel contact lens with HA

Sample name Water content (%)
Hy-CL 52.68 £ 0.02

Hy-ipn-HA 60.88 + 0.01

Hy-ccb-HA 57.60 = 0.00
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HA A=A 7 =4 el om SAH0= £
T4 BATHp=0.046). A=9] T8-S A=E A3}
= B9 38hA pxo A4 oESH, 53] ERAle}
FAAF 0] 7153k sfo| =54 T15(OH, hydroxyl group)ell
o5k ko] Aotk 7] Fle] Ao A HAZL 23T
B W=7} HAZE E3E]A] ke A=) v]s)] 1 5-840]
o} wES0] a=2A HAA Hol wEF S =
TTHL 31921, Van Beek 5119 Aol = HAE 37}
sie W sa2to] AolbA M=o FhAdo] Fokle A3
= Yehfiokar skt 2 Aol OH groupe] E3HE
NVPY GMMAS} 22 354 TRl & AR8-8te] Hy-CLE
AZ3R7] whiiol 50%7F BE =& daS /A, 41
Fo] 10008He]l ke i FES 7RI HAS 7R
I8l Frgo] S7KE A o= Azt B3 HAS FY9E
A= Ay Yo sletxor e BT T2
ol H13)] IPN 23k T2 3= FH| HAS Bo| #324]
7171 wiiol 89 S7F a3t = vERrd B0 = oA
K=

2. R1g

300~800 nmollA] ZA3 HA 7} A -%o] ZeeEd=
o] FFIE W3l Fig 59 UERHRITE UV spectropho-
tometerS ©]-8-3}] 300~800 nm H$S FEASS =H
3L Ay}l 25 90% oo 7 HASl H7) -5 M7t
Holl W2 o7} Aol gl AoE Yehutt F 7Hx9
HA 7P 25 HAS ZHEAZ Rinelo] Z3to]
FEE] glo] & o] FojH 7] wiell 7 $el® 90%7} @
© FFIEo] YRt Ao F HLATh

3. Lysozyme &t
T 7HA 9 WO E HAE F7tsle] A=xg sfol=2 2
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Fig. 5. Optical transmittance of hydrogel contact lens with
polysaccharide.
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Lysozyme adsorption (ug/lens)

Hy-CL Hy-ipn-HA

Hy-ccb-HA

Fig. 6. Amount of lysozyme adsorbed on the hydrogel contact

lenses.
%@Eﬁﬂig 122178t AFwEol @2 5 lysozyme
&S vaske] Fig. 60l YeERIIT

Fig. 601]/\1 R nke} o] Hy-CLoA lysozyme 5215
£ 33.97+5.22 ug/lens ©]1 o™, HAZ} 37} Hy-ipn-
HA # = A= 13.51+0.84 ug/lens, Hy-ccb-HA A==
20.24+1.51 pg/lens?] lysozyme®] &30l HAZ} 3714
3 lysozyme -F o] 7Hhslg o, BAX O folsh
2ol 5 YEPH AtH(p=0.013). HAZ}F 37} A] 92 Hy-CL

o Hl& Hy-ipn-HA #== 60 2%, Hy-ccb-HA {Z_
40.4%9°] lysozyme &2 7A&-S 22 eI F+ 37}
W] wE X}O] IPN m"ﬂgi HAZ 7}0}91*—5 o

O =& 7488 Hygor) EAdo 7 FoALe ez
AU THPp=0.209). Takanori & 2-methacryloyloxyethyl
phosphorycholine(MPC)E Ae]&sto| =24 @z & A
To} =3 vbH o2 HIIElRNS uf whiE ZzeFo] 7+
AT R 1138199 9™, Van Beek 51142 pHEMA, 2!
2|2 slo|E2 A} -2 A HAZE 22 = ol
A FFto] ZHAH Tl B st

dgo TEzd Bud FHe F5E, A=
we] Asteh Bde] A3t So ofaf Be FPL
A AR g S A7) nhew FeEd=E 74
she Yol wet W=e] Fo] ol de 2 H A
= F9) A3t Pejol weh G ate] JEgol A
B oleAe mE Axs WskE 74 Bl

o

2717 Qg oz I8l F3fo] dojuAl Erkar &3l
T3 £ 13 Norde 5P lysozymeo] 7% X143
413401] Fato] & HA &= ME F2E 7MY WE
A= ] F840] lysozyme] F2F WA T2
3t 3@2} 39th E Aol A= HEMAS nl®o 2 A
Z4¥ Hy-CL 3x¥o] S35 9A a1, o]Z <3 I
T TEY pHAA YHEHE W lysozymedte] A7)
Zel Qlglo 7 QI3 lysozymed] & aFo] =LA F7td

é
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Zo 7 AWZFET} Table 29} Fig. 62 Aol YeRd nle}
Zo] HAZ}F 3718 =M gg0] SV e, o
A FAFE A AAFHAT HAZE H7HE A=A+
HA®] H7}=2 dl= YR W] OH groupo] Z7}8H
HHA & Exeke] FaAdeld 7 Q1= o3
FgAdo] A F7VsHAl Aot o]} tEo] #l= o]
E AR AR A dilge] 722 WHelE WR|EHA
w3 SR o) F2fo] 7hAstA Hot

HA 7} ol o2 ald S35 AR Y CCB
Wil osf AlzE M=o ETE IPN WS ARE-3H
A=A A F2E o A B3 o= A
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M E HAZ} A= AAd] 124 E¥¥= v, PN
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Aago] o A et ez A7

4

rhu

B AFeMe stel=24 FEE=I=0| IPN, CCB W
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U FEIES 2pol7) gl Hlo]24-0H group= 7131
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Purpose: The hydrogel lenses have been functionalized with HA(Hyaluronic Acid) using two different methods:
construction of an IPN(Interpenetrating Polymer Networks) and formation of CCB(Chemical Covalent Bonding).
The lysozyme adsorption and physical properties such as optical transmittance and water content of the hydrogel
lenses have been investigated in order to determine whether method is suitable for the application potentials in
contact lens industry. Methods: HA have been added to the hydrogel lenses prepared in the Lab using the two
different method, e.g. IPN and CCB. The optical transmittance was measured in the wavelength range of
300~800 nm. The water content was measured by the gravimetric method using 0.9% NacCl saline solution. The
amounts of adsorbed lysozyme on the contact lenses was analyzed by HPLC after incubation for 12h in artificial
tears. Results: The water content of the HA added hydrogel contact lenses was increased, and the lens made by
IPN method showed higher water content than the lens made by CCB method. The optical transmittance was
over 90% both before and after addition of HA. Comparing the lysozyme adsorption reduction ratio, contact lens
manufactured by IPN method was 60.0%, and the lens made by CCB method was 40.4%. Conclusions: CCB
method is appropriate to distribute the functional material evenly throughout the lens, whereas IPN method is
effective for the case of giving the functionality on the lens surface without phase separation.
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