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ABSTRACT

Research subject: Contact lens-based drug delivery is expected to be more efficient due to sustained release of drug and increased residence time in
the tear film. In particular, hydrogel has been applied in contact lenses due to impressive function such as biocompatibility, wettability and optical
transparency. Nevertheless, hydrogel lenses suffer from low oxygen permeability. To reduce the shortage of oxygen supply, the silicone-based polymers
were used to improve the oxygen permeability. Vitamin E as a diffusion barrier could be introduced into silicone hydrogel contact lenses to extend drug
release due to its lipophilic barrier.

Research approach: In this research, poly(3-(methacryloyloxy)propyltris(trimethyl-siloxy) silane-co-2-hydroxyethyl methacrylate) (poly(TRIS-co-
HEMA)) copolymers were synthesized in order to evaluate the potential of these copolymers to be used as contact lens materials. The obtained
copolymers were characterized using Fourier transform infrared spectroscopy, transmittance analysis, contact angle measurement and water content.
The vitamin E was incorporated into copolymer films and the effect of vitamin E loading on extended drug delivery for diclofenac sodium were
examined.

Main results: The equilibrium water content (EWC) of the synthesized poly(TRIS-co-HEMA) copolymers were proportional to the hydrophilic PHEMA
content. The maximum value of surface hydrophilicity was 56.4°, corresponding to an equilibrium water content of 39%. Poly(TRIS-co-HEMA) films
exhibited high transparency in the visible light wave range. Incorporation of vitamin E did not have significant impact on the wettability, EWC and
transparency of the copolymer films. The results showed that with vitamin E loading in the copolymer film, the diclofenac release time could be increased
to 90 h, which was a 3 fold increase compared to the diclofenac release duration by copolymer film without vitamin E loading. The vitamin E loaded
poly(TRIS-co-HEMAg) copolymer films could be very useful vehicles for extended drug delivery of diclofenac.
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Table 1 The formulation of synthesized polymers by
copolymerization of TRIS and HEMA

Sample code TRIS HEMA AIBN
(mol) (mol) (mol)
Poly(TRIS) 0.5%1073 - 2.5%10°¢
PHEMA - 1x107 2.5%107
Poly(TRIS1-co-HEMA2) | 0.5%x107 1x107 2.5%10°¢
Poly(TRIS1-co-HEMA4) | 0.5x107 2x1073 2.5%107
Poly(TRIS1-co-HEMAsg) | 0.5%x107 4x107 2.5%10°¢
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Table 2 The Mn and polydispersity index of poly(TRIS1-co-
HEMA?), poly(TRISi-co-HEMA4) and poly(TRIS:1-co-HEMAs)

copolymers
Polymer Mn (KDa) PDI
poly(TRISi-co-HEMA®) 18281 1.26
poly(TRISi-co-HEMA4) 24315 1.29
poly(TRIS1-co-HEMAs) 36064 1.28
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Figure 5 Light transmittance of the poly(TRISi-co-HEMA»),
poly(TRISi-co-HEMA4) and poly(TRISi-co-HEMAs) coated
PDMS layer

o

gl (5551 9)00031 5 928l oo Gl (5 el slagidgy JolS (cdgyo]
3391 ¥ USE 13 88 gloclon IS oad 5 (5 yocks ok 5 T 0,8 o
Lol ools yids zohaw (glp (wled agly ojlail (1Kl canlons
Poly(TRIS1-co-  Poly(TRIS1-co-HEMA2) (6 eskisS  (slapksd
L plp cwijga ] cdl> o Poly(TRISi-co-HEMAs) ¢ HEMA4)
el 45 085 oo )L s . Canl o0 (5,055l OF F° 5 YA VYN °
Cesgaol glaog )T 5 eud Cesgan] ezl jsba leay
2 b 6551 0050 ol 6 PHEMA JLslo 50 09250 JrnSg 000
sy PHEMA Covgocol s lade (iali8l b aisd oo 0l mhaw (59,
ol el o] Sgeds ooyl 45wl e EalS pslas uled

140
8 Dry state Poly(TRIS-co-HEMA) OWet state Poly(TRIS-co-HEMA)

120 @Dry state Poly(TRIS-co-HEMA)/VE OWet state Poly(TRIS-co-HEMA)/VE
o
E’ 100
g /
< 7

v

g 80 %
E
1 7!
5 60 f g/é
g %
= .

40

20 _

0

poly(TRIS1-co-HEMA2) poly(TRIS1-co-HEMA4) poly(TRIS1-co-HEMAS)

ools Lyihgs PDMS slaasy 55 mbaws 51 OT oled agly ojluil uSileo ¥ Sl
5 poly(TRIS,-co-HEMA,) poly(TRIS;-co-HEMA,) sle jadysS L ol

g S > 0 E pellg jga> poc g 92> 40 poly(TRIS;-co-HEMAy)

Figure 3 Water contact angles on the surfaces of the poly(TRIS:-
co-HEMAD), poly(TRIS1-co-HEMAu4) and poly(TRIS:-co-HEMAg5)
coated PDMS layer with and without vitamin E at dry and wet state

ol Gds Y-y-¥
51 S (EWC) (Equilibrium water content) Jols ol wda yl5ee
i 4B S ] Sl 5345 ol ol sl e Slioyas
wwbes 351 oYsb S (gl a5 Slylews (gl oolanul sl pead
Ol Gz gl owess sl DYV oy pd S e eolinl
S slocans jo eadslass Poly(TRIS-co-HEMA) (sla ol oS
a5 agd ) sz il RS0l s esdol lajesise 5l il
PSS o 6p5abs ploj L oadislasid 6 poeky sloplid o580 S
a2 3 Poly(TRIS1-co-HEMAS) L3 (sl, .conl o ools las
slopld lp a5 I o el oo (6,503l AYA L ol Jols Ol
ol G l5ae Poly(TRIS1-co-HEMA4) 4 Poly(TRISi-co-HEMA?)
ol b ass o lis mls ol TYA 5 TAY L ply oo pay Jols
SIS %5 b ajeine adsl Cod o HEMA jagise lime
lee GRlF (ol o Qi pliee TRIS 550 jesise lie
Poly(TRISI- (5 yarkysS ohed 4 bgsye Jolbes OF iz liee ooyt
2 Cangoos] Jole sloeg S YL JE> JJoas a5 el co-HEMAS)

oo 5o i o sl sSse 358 so a5 Sl (S poedy 3



GrordysS slapkd Jolss O Qi gl o lie Sl ws)
Ol G e @ peSoslil ol sanlin B ualiyy ssl> oniglasios
Oliee 0l QLI E (abiyg (g5l 00iis1aSeads (5 yorky sbaplid ) Jolss
TR B I X e T
5 Poly(TRISI-co-HEMA2)  (sloyoskisS slopkd ,0 E cplis
ol Ol Gds e Casloads zie Poly(TRISi-co-HEMAA)
B Geabisg (635 s SIS Y0 5TV e & ITA 5T Sl
Sl 9 99250 Sy al s il oo 5 r0ely S35y e
g odaline (768 Ol Qi e 5 S S sS Dljde Az )3 9 098
Poly(TRIS1-co-HEMAs) (sla youisS 5| sniiags slaies o [YY]
il Ol iz i 53 k2 BB E (raling
Oeoliag boad (L (s renhsS sloyiw 5l (S0 y58 (80 9 b
39 (B0,9: Glime a5 aBs oo L bl Canloads 00 ygl YV SS 0 E
Poly(TRIS1-co- (slo poudssS L oo ool yiiigy PDMS slaas¥ 5 sl
s3> Poly(TRISi-co-HEMAS) 4 Poly(TRISi-co-HEMAs) HEMA?)
9 FABF JAVN L plpy codia (Sye geadsb oogume ;0 E (rsliyg
el 3 bl lade 51 SYL sud (5,uSo5ll olie canl AF/A
69 Sedal B (yaling (6 35,1 51 ey 0aliangs (sl yiws conl pliy o]
s celis oled gbosd sloo S sl 00,8 Lis | ag>
Cls B cpaelig 5l esliial a5 assls oLas [Y¥] il ISea 5 Chauhan
S1as caloas (5155w o 8 sbices |, cwled slosd 69
wad ood RolS w2 g BB jsbar ]y S 5 (205 B elug 4z
IVl oS o Cio |, UVB il g5 B i

Transmittance (%)
E

80 7 ) 7 7
poly(TRIS1-co-HEMA2)/VE poly(TRIS1-co-HEMAJ4)/VE poly(TRIS1-co-HEMAS)/VE

L osdosls jiisgy PDMS slaas¥ 15 5l g5 00,500 sloca b ¥ JSC&
5 poly(TRIS;-co-HEMA,) poly(TRIS;-co-HEMA,) sle el oS
E wl.us l.: R Lg)‘df)l) pOly(TRlSl-CO-HEMAg)

Figure 7 Light transmittance of the vitamin E incorporated
poly(TRISi-co-HEMA»), poly(TRISi-co-HEMA4) and poly(TRIS:-
co-HEMAGs) coated PDMS layer

oyl Liala, lalllas F-Y
SrochsS bogide oles (ow)n Hhiea gl Juls, Sldlas
oo SLBgISs (59,08 iale, 55 B omalg j9am 5056 g s
ol e (oS (g 9abse Iaylyis g lame (glos jo cawloads plol
Omeling BB (s pocly idgy fm )3 008 (IS JL 5l 5ITA ula
oilry gy 0yl &S jsbyles (A JSS) ol col YY L il E
3l ol 3 ey CALE GBS 2 oSy 3515 e 2
E ety 35,1 b a5 I o aloolzél 3lisT tola, Jle 5 5

\2

o wilgs oo SsSibew ladis e 0 oy Cedlad (S)b
5 S5k 2500 slaog )T o )55 51 U 53l89Se ol
IveT sgi 3 as 108 o aoes o il zals Cungao slaog 5
2259y T ety 0adag sladigel (536 Sz g8y (om0 solited;
P kB 5l 0,5 jeabed a5 wd samline Wl (5 loaSs PBS il
a3 o Hlis sdeliawdds gl .ol 4Ll ladiges cudlad e 4o
atd 50 o)l Gl cwslin (20,50 Glime adyis slayenlysS a5
PDMS sloa¥ 5 5l spslad s Ll 1) swled gloyd s
Poly(TRIS1- «(Poly(TRIS1-co-HEMA2 (sl youls 8 b suisosls iy
Cewloads 03,51 £ S 4o (Poly(TRIS1-co-HEMAS 4 (co-HEMA4
(@) ) @
a Newtonian plateau to s shear rate,  and viscosii o exmbnmg pedalus
the zero-shear viscosity ithmic seale. The \;iSCOSil)’ 6. FHgres: ﬁl‘?ﬂ}, S
sehavior is greatly enhan (€ the stress versus strain ; ation of HYT in PL/
could be attributed to 11 ot affected by the chang xhibited the T, of H
into relatively linear ne; blends exhibit pseudopl: ds is also observed to
d blends with higher am: T 2 shear rate increases in the blends. In the
yield stress behavior, w 0W lower zero shear visc and tan 0 curves ext

: 7 th PL. 3 5 sk
s the applied stress exce AHYT/EMA-GMA ure in addition to « v

: . i+, ising shear rate: i
ies, complex viscosity ___E“ SN ,S’Athé.ChaT: increaced havand Q

(A sl yorly oS b ooy ools yiligy PDMS (slaay¥ 5 5glas sy
poly(TRIS;- (z) g poly(TRIS;-co-HEMA4) (<) ¢poly(TRIS;-co-HEMA,)

co-HEMAg)
Figure 6 Photos of the poly(TRIS:-co-HEMA?), poly(TRIS;-co-
HEMA4) and poly(TRIS|-co-HEMAs) coated PDMS layer

Poly(TRIS-co-HEMA) (5 youly o5 sbaplid o, Sloc b3, ¥-¥

E (yolig s>
Ol S oy Sloidgy 8Skae SO (raling ;90 536 oy (sl
SroehsS lagids sl iy Cedlid 5 ol Ol i wga]
oIl Sl ¥ USS o 2855 18 b5l 090 B esling sl )
Lo yosksS Lot ols idg PDMS (laas¥ 5 (sl o uled 4l
25 Celonds 65,51 E rpualiys L sy (5,35 ,L Poly(TRIS-co-HEMA)
POly(TRIS1- sl youly s (2digy ;0 B faling ailoniS b ams oo (La
Poly(TRIS1-co-HEMAs) 4 Poly(TRISi-co-HEMA4) <o-HEMA>)
VPN g VAT NN Y s Sas adl o ol wles asgls
2 Sz ol el 00,5 o Gl Ve A T 5 11 - AT AVYN°
S ail b B sy 580l Conle b Wil go (oles aygls o5l
JHEMA cuvgao] egige clale (E ool 9,585l b ogd so o
o390l Oliee LS Ay i a0 Bl (alS (505 (RS
POIy(TRISI- (5 ;o (slagids; (sl olos gl s [V1] 09 bans
O E pelig b ool (5,135 ,L Poly(TRISi-co-HEMA4) 4 co-HEMA)

Sl FE0° g YEY® (s ja b agl; s o slis s >
G podssS L onds ools idsgy PDMS slaas¥ 5 jo .l 00,5 log
o3lal yo 2 es BB ial3dl s 2> o Poly(TRISi-co-HEMAS)
Sl Cot] Pl el 0as salin E pelng (6,1385,L L uled 4yl
STy Gl ok Glapkd juw B Guelug 9595 o5

s s sbess | cwgeo]



Glp oobes argly o3l 1 Slie oolidl 5lasl (6 pouly oS (slo gy JolS
e 2l s e 8IS o5 B o saosls by s
oled aly g peekisS Abg Sl s PHEMA Cavgool iso
O sl s Swogd ol dgags oaimo Lis a5 Wl o Lol Zgla
Poly(TRISi-co- (5 oulisS hd @ bgpe Jols O Cix ol
03gaze )0 g8 (BO,0.e bl .l LY L pln a5 cwsl HEMAS)
ool 30 f3am 05555 5lo sl 5 oI5 (LS e o
GrSoslail mls s s |, cwled lajd i angs 10 055 sl
s Poly(TRISi-co-HEMA2) (g ey sloiiigs slp (wles s
(o> > W B pelng b oeais 5,138, Poly(TRISi-co-HEMAA)
Cotlo 4 Wilg o a8 olo Glis 1) o ciwga] ol 0 Sz rals
e B mslyg GailnS L cnizmen 0Bl b B (rnliyg 52 50
IYD 57N+ 4 IYA 5T Sl s i sbam sl olss o i
Slopksd yiw 0B Grelys (ailniS a5 coul Coeal il 0l S
5 gl sl e 0 4zs8 BB .50 Poly(TRIS1-co-HEMASs)
o odbangs gla e isres ol alilas Jobs ol Qi e
S )5 sl 00,5 L 1) 095 (5,58 CBRLE (ralyg 550
sl iy 0 E by uiluS b oaie caslie e (slajd
@ el Y 5loads 6,008 ,L ggylo 5 TA Lile ) ley Sae ¢ ol
(& yorky Gindigy SO E Graliyg GalnS b rizres 28l il el A
SroabsS Glapld (plply b pals wad ST gg)ls lade
Slgaciens ) Olsie 4 ailgi o B yeliyg (g9l> Poly(TRIS-HEMA)
o J S isla, Baa b cwled slajd cilu jo 0,5 (gl canlio

gl 413 )5 IS4 o SLdslSGs (g5 ks

o o ol olfiils Ggae Slisios ook ) cidu Jols dlie oyl
el o0ty alomil Gy o823l olam L aS cadd VEAY )+ oS 4 VF-Y

&L 2,5

OB S g3 e
doosly Jolow 5 520 (3825 (SGelgate 5 ol (Sl j0 asld aesS>
e 1T g b e i sty 5 Sl clin ady] gty 2l
L 9 A oo b clools Judows g 3205 g Waools (5y5laen j0 (Sao
e beallie (ool g Dol dwosls o 5 apsa o 03l (2>

AN s g ) o LY

Sl gl

lie ol ol ol atiy Bag oloyad sy 0 a5 jshiles
WS NPT o o Oly Rl gas Sliass 7)b 5l cidy Jol>
ol 0 plonil Ol ol colas b aS” ol VYN -

SEgman g by
Sl 00uis oolazw £ Fmae g )'|

v

ol el A @y oals (6 351 g9yl S TAY Gl ley oe
J"‘ﬁ’s" as wld.dl.: w.:‘)ﬁ‘ 5)‘0 OMJJA..S uM;Lb) ULA) [WIRVY ‘6)4.51)
RSPl asd ol (6 ckysS (sl 5 )0 G SRS e o
3 ook ot ) JSie sl panlisS i 5 )l Ui il
&;..»5»4.31559 LSLO:).Q.».L; aule Ls)bjb 0|9.a B w‘om wy)u]
a5 0,18 392y Jloil cpl g (pl )0 oo i Cawgasl- 5 SO
B ireeling glye S5 2 s poely a0l S350 atsy (630 550 j9a>
A8 wlse gl 515l 656 Ll gedg Joa 5 ol S
Wlgiee B Geeling (Jleglsisas S 093 @y 59,5 S8 5l wslane
4 e 5 WS gy Casgdol S8 g (S5l B S nte o (s,
ol iale, ley o iali8loss YU slul coni b 5 S50 milge olow]
Db gn oold Cod B yliyg il Sl 4y B yeliyg 0925 Jdoas
E by @lye SLbI o atten joom g)lo laJoSIge 500 (5)keas
RUST NS Iyy] Sgdso Hinlr, loy Do alidl 4 youie a5 WS 3985
9 Ok 3B 50 g)lo (ST g 39h calpl 4 g)lo Jula, Gloj ke
St a5 po o0le HlSlug ) b 0g3 asgi 4y a5 5,08 Sty Cemga| 56
S Ol g yondy Gindigy 0 B el g (6510550 S0 (8 S Ivol
Gibg 50 B by 6 05,0 b s e 3 sbcss 1) sassls]
G B ey g0 i 51 VYo g 5l eadiolil g ls jlade o pody
S9,l0 e hals Cewlaidly palS B (raeling (ssl> yom 10 07 1g
Al (0 0gz g0 Dl ya O E peliygas ail Judo cpl e wilgs oo oniila,
Ol Gasb cnl 5l g 29800 9)lo inle) 5l wle ed oo i (g pedy

b oo palS saiolyl gg ks

Amount of drug released (ug/film)

== poly(TRIS1-co-HEMAS)
= B = poly(TRISI-co-HEMAS)VE

0 50 100 150 200
Time (hours)

b oaldosls jiigy PDMS slaas 5 5l poduwSL8gISGo (g5l iula ) A JSC&

E WL‘B )5,.&7 lm)& 9 )9& B pOly(TRISl-CO-HEMAg) )4.,.1.355
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