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Abstract: Poorly soluble lidocaine and lipophilic vitamin E were phase-separated and polymerized with monomer to
form contact lenses. The physical properties and drug release of the manufactured lenses were studied. The used drugs
were lidocaine, for local anesthesia, and vitamin E, anti-cataract effect. The HEMA lenses were thermally polymerized
with coacervated lidocaine and vitamin E. We measured the light transmittance and water content of drug-containing con-
tact lenses. Optical microscopes and particle size analyzers were used for surface and particle analysis. As a result, the
light transmittance of the coacervation drug lens was lower than that of the no-drug lens. However, water content of coa-
cervated drug lens was slightly increased and the drug releasing period was prolonged. The preparation of coacervated
drugs enables sustained release of the hardly soluble drugs in the lens. The contact lenses containing coacervated drugs
can be used as drug delivery lenses for the prolonged treatment of eye diseases.

Keywords: drug releasing contact lens, coacervation contact lens, drug diffusion, lidocaine, vitamin E.

M B AH o] AgAog FoEe o g AXFoRs

Qbdghe] Gl X7 B o] ot WhEZQl Fofo

At QkdZte] X FE 90% ©]/d AREHA|E & o 2 AN oFE FFEHE =Y F Jo o= FHrh At
71 e} o] FFoke] it (90% ©1/d)e] H &t H |02 Qe APHS ¥Fehe eI HEks s IE o
7oz ZHuliE oF 10% PRkl X 85-9]d S5E ). o o B3k Zhuke] X R a-lol] AgEr]ols oFEe] MgEE
AlZko] Fot muid T ZH A8k A golle v &&F ot >

R kel o] tioto v, Aare}t o] bt el WA =3
"To whom correspondence should be addressed. 7. A|E T A B3] ¢l ZHEAZE 0|83 oFE
hrnoh@seoultech.ac.kr, ORCID®0000-0003-2123-4036 =3, AEagel] 2wl gle ZHEN=E ol 8d o2
©2018 The Polymer Society of Korea. All rights reserved. AGAZE A=A i), FHER o Y A" 1960

427



428 Hag ol

At Wichterle 5°] HEMA 3lo]=24 A& o] ofE Ay
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Aot & D=, 2 Ao ARE-SE 2-hydroxyethyl methacrylate
(HEMA, My, 130.14), ethylene glycol dimethacrylate(EGDMA,
My, 198.22), azobisisobutyronitrile(AIBN, My, 164.21), mal-
todextrin, lidocaine>} vitamin E= Z}Z} Sigma Aldrich(St.
Louis, USA)2} Daejung(a-Tocopherol, Korea)ollA 33
o}, AlHEAA Kollisolve P 124+= BASF(Germany)oll A -
Y3ted AR5} Phosphate buffered saline(PBS, 1X PBS
tablety> AMRESCO(USA A 4 35k5i e

FotM ZH|0o|M N =. Kollisolve P 124(P 124)°] F&
(lidocaine(Aldrich, USA), vitamin E(Daejung, Korea))2 7}
7} 2%(wiw)E HFo ol WAL 303 5t wykstint. o] &
NS ZF7S40| =<9 maltodextrin(Aldrich, USA) 48 42%
(ww)et 3 2000 rpm o2 57 F<F ThA] wyksiTh, o]
SotE gols AF Bal7l doJueE hot plate 80 °ColA 30
S 7HstaL, A AdElellA 8AIZE & SotA| 2o E
o} TS A= Tl ARSI
ot MY ZHEUX F§. HEMA(2-hydroxyethyl
methacrylate, >99%, Aldrich), EGDMA(ethylene glycol
dimethacrylate, 98%, Aldrich), AIBN(azobis isobutyronitrile,
Aldrichyg 717} 99, 0.6, 0.4% BI&= F7}slo] 308 <
HEeHoTh 1§ A2 o2 o] E A g 0.5 mL, ]
H FY9E FEL 0.5mLE HEMA £33} 97 7} njo]d
of ¥ol, oAl 102 &%F wetalginh. whke g FHE
A= =9 100pL® FYPste] 271 %7](WOF-155,
Daihan, Korea)oll4] 100 °C, 2A]17F B9t & $3O2 FolA|
2xjold oFEdl=o} oS AF FUT slo|=2d FHE

A=E 7h7t Az Alxd FHEN=E 73 F SF
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Visible)> p-HEMA 100 wt% 8] E#ll =9} FE(lidocaine,
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vitamin E)o] 35 Fold 2ol FHEMZE 7AXA|
CL-100(TM-1, Topcon, Japan)©-2 =743} t}. &
Z% FHEHAZ(p-HEMA 100 wt%, lidocaine, vitamin E)Z
g0 M Azxste] AxE A= FA9) 2477 F<F PBS
Hol] FA|ebo] =gk Hito] FAE A= WE FAE
st 2l (DE &S ALttt
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Water content (%) = f__;f_lx 100 (1)

Aq7|A, s BaE THENZR, /&= 7y SHE-M=] £
A& vepdth

TOMZH|o]M Xt 24, Fotr|EMoldE oFE &4
25 °CollM Y4371 (Otsuka ELS-Z series, Otsuka Electronics,
Japan)E ©]-&3te], o YA AR EE 72t A
o} oFE dAbe] AU AxE oFEU=o] ¥ Fakd
1]73(GX41, Olympus, Japan)2] 200884 &gttt

ofE WE. Alxd s FTHEAZE 24 wellplate]
02mL¥ PBS £ (pH 7.4, 25°C)% ¥, Alxd ofEdl=
£ A= Ao R HEAdS AAsI 7 Al
WE S8 2ol Az, kel &8l= 0.1 N HCl
< 02mL 7k § k=] WERkS UV-Vis spectrophotometer
(Mega Array, Scinco, Korea)g A8-313 S43I39t}. Lidocaine
oF=o] w2 262 nm,'” vitamin E 22 290 nmollA §3
TE S5t 7 okl gk £ 24 e = (lidocaine
(y=1.6618x+0.044), vitamin E(y=1.6764x+0.0325))Z 9=
ofs FHUEM= ] WEEFS A & Slsigltt. Al
ol M oFs WEFS FAtele] FHE o WERE F
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ZF oA e eI, Mo e WEo] W &

E2|EMX EM. p-HEMA 100 wt% ZeEA =9} Fo}A|
2o 2= (lidocaine, vitamin E) $F SHEANZE= 90 pm
AR AZEJAL, A=E PBSOl| FAIste] 321 A
£ Table 19 YERIT} Lidocaine F=al2E 41.7142.82%,
vitamin E FEAZE 41.23+0.97%=, =2 SHSHA]| &
p-HEMA 100 wt% Ze E#d =¢] 383} n]wate] zbz}
10.90, 9.62% ©l ¥=A| VERTE. 2R (lidocaine, vitamin E)°]
Fopd 2ol WO 2 A2 o] HEMA X582k} 38
Ae o, THEMN=9] &2 F7IIiT) ol HieH 5
o Al Aot Eno]d 23RS S8l ARSE AEEAA 7 Y
i E3E o] HEMA b 8o slo]|=EA] Z15(-OH)Z
EEAteke] AgEo] S7HE Ao 2RB HojZin,

Table 12 oFEo] -HEA] ¢S p-HEMA 100 wt% =8
Ed =9} FdopAdEnold W o ® AZtE k& (lidocaine,
vitamin E) 927} S8 FYE=S] FEAE(%)S UEL
W Zlolt}. p-HEMA 100 wt% ZRIE#=9] s35218-(UV-B,
UV-A, Visibley> 2}2} 87.30+4.94, 90.70+5.15, 91.80+4.85%
2 Uety, Agr oz FEd=e] sARA B 7
A3l vlo| A2 qEskE ke AL Yo Alehe fi
sted 713 Fgo] HAagh Ao Bl dRiyo s
}HE FHEA=E 31 Al 73 Tl 92% o
Q1 AFo] ARES T o ¥ 2 Aol AlxH A=
A5 YA el 8570l BEE 7)ol F27t Atk
ek, SlobM| EHo] B 8-S AFo| AMgH FHTF AF
(02mL o]}y & Al 7HA Fakgo] SR o= A}
SET 5 A9 =S st el 7R T
& AU A= AZRE g A7t 2o3 Ao HIln)

QIX} M= & 37|, AAEAIAC] P 1249} maltodextrin =
g3} A 2FE(lidocaine, vitamin )2 33k £9-&
80°C =04 303 F<ot wHkeE & golo] AF ] A4S
A7k whEk vYepd Aolth(Figure 1). 2HE3} maltodextrine
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Table 1. Water Content and the Light Transmittance of Three Kinds of Hydrogel Contact Lenses of p-HEMA 100 wt%,
Coacervation Lidocaine 2 wt%, and Coacervation Vitamin E 2 wt%

Contact lens type Water content (%)

Light transmittance (%)

UV-B UV-A Visible
p-HEMA 100 wt% 37.61+£1.31 87.30+4.94 90.70+5.15 91.80+4.85
Coacervation-Lidocaine 41.71£2.82 30.80+1.64 40.60+1.82 60.20+2.77
Coacervation-Vitamin E 41.23+0.97 36.00+8.45 47.40+9.24 62.80+8.16
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Figure 1. Images of test tubes containing the mixture of drug/P 124 with maltodextrin after mixing at 80 °C for 8 hrs: (a) lidocaine; (b) vitamin E.
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Figure 2. Particle size analysis of the drug particles using coacervation:
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0.20~1.46 um)°l] &J3F Ao 7 ALZE T %

Azg oFE FYEA= FFH Fop=HolA
of gt Qg dS AEBIATHFigure 3, 4). T
SoA T FRe] FoplEHo|A ok YA}
A<l vlol T2 FeheA AEA sk
golgt 4= AUt Fop|EH|o)A RS AL} 7129
I

ﬂ—’l-ﬂ

o o ¢

= T
B QPR om 7o JE o] AR S,
lidocaine? H]a'al vitamin ES] YAFE<] A o= 2ol 4
Al 2= AT o Ero]d e A HEMA AL
Bapole] 9 & Axd dl=o] ¥HS A3 A3 78
o] YAt FA = A (Figure 3(d), 4(d)).
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Figure 3. Optical microscope image of coacervation lidocaine solution: (a) at 25 °C; (b) at 80 °C; (c) at 100 °C; (d) surface of dried hydrogel

contact lens with coacervated lidocain, 2 wt%, (x200).

Figure 4. Optical microscope image of coacervation vitamin E solution: (a) at 25 °C; (b) at 80 °C; (c) at 100 °C; (d) surface of dried hydrogel

contact lens with coacervated vitamin E, 2 wt%, (x200).

HEMA ZHEA=E 717} 29, 59 S9F ok&o] H&EH ¢
t}. x-HA<l vitamin E °k%% E@'?}f_ A =7} FeA
lidocaine #=e} Blwsle] 72 WEHS 2535% O BWUIL,
WEAIZRS 3 B Y X]“%‘Q‘}i‘:]'. Vltamm E @l=o] 32t
A4+ lidocaine AZ AR} 1.388 ©f ZA YElstth
(Table 2). M, HA| WEFS 7|2 a-F &< &9
WUE U &S 77} oF 85, 67%E, F oFE 2d BF 27|49
7} oFEo] W&o AFHAL FES Sl S5Eh
oFE wEe A oFEo] gatEel x3]o] oy, ogH
A ALY oFHE A"l oR AR 7]ole Heto] Qs B
Sli=

_=opEdelg ol8e o

7‘*’%} A=E lidocaine 19

, vitamin E= & 17¢ &< W= A Q“°“*}EH—J ke
o S A=) w2 WEE) H|aste], o2 Mol
oz #:Z(lidocaine, vitamin E)2] 4 W& 712t 10%,
43% S7FIAAL, WE 717k 9.500, 3400 Skl o
hak A2(D)e] E4 2 FH(Table 2) lidocaines 1% H+
0.04 mg, Al7FE °F 1.67 pg WEEIAAL, vitamin E= 370l
0.07 mg, A7+ 2.92 pg WEF AT 108 F<tHe] lidocaine
7 6% 5t vitamin EO] 74 WEFE A oF= WEH
°] 50% o3t &= WEH Frig 27] BE §lo] &
Al oFz Ado] 7Fe s Rl IobA=Hol A (%
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Table 2. Diffusion Coefficient and Expansion Index of Drug Releasing Contact Lenses

Fickian diffusion; Thin polymer film

Contact lens type Slope Expansion index (n) D (10" m’day™)
p-HEMA (Lidocaine) 0.21 0.24 6.884+2.16
p-HEMA (Vitamin E) 0.24 0.24 9.51+3.04

Coacervation-Lidocaine 0.12 0.81 2.04+0.25
Coacervation-Vitamin E 0.22 0.88 7.13£1.58

n<0.5 (Fickian mechanism), 0.5<n<1.0 (Anomalous release), lens thickness mean 90 pm. All values are meantstandard deviation of triplicate

determinations.
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Figure 5. Relative drug release from contact lens with lidocaine
(solid circle) or vitamin E (opened circle). Relative drug release of
coacervated lidocaine (solid inverted triangle) or vitamin E (open
inverted triangle) contact lenses.
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