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2 9k Invitro 24 dlojA T EH0] A& slo]=2 A A=<l 1-day lenses(Acuvue Oasys)?} 3-days lenses(Davich Trevues)2]
Azt kel W2 A J2HE oF) 3Ehy E4 s Blaskelnh AF vl ARG w5 2ARE VLR S5 S
), A35]8 A =(1-day lenses: senofilcon A)2} 3U 28 &l = (3-days lenses: silicone tripolymer)E 0] Q3 o) Goto] ujF
71o A4 37°C, 150 rpme] &£ 2 SE50] FHA] 8h, 16 h, 24 h Bt AA| At &3 AW 32HE-2 HPLCE ©o|-85to A5
HE-S Belsln o Stk 27HOR AR Ao ME Ak Fahg, 3} Sakg, T WSS BRI 1 B A
Z7F2 I-day lenses7} 192} 127.55 pg/lens, 24 2} 302.96 ug/lens, 34 2} 353.30 pg/lens©] 1T}, 3-days lensest= 142} 46.22 ug/
lens, 2L 2} 66.07 pug/lens, 3L 2} 67.45 ug/lenso] Atk A HF J2Ee 1-3Y 5ol A 3-days lenses”} A ict. A4 EIE (Dk/t)=
X% 1-day lenses7} 81x10~°(cm/sec)(mlO»/ml x mmHg), 3-days lenses7} 13.23x107°(cm/sec)(mlO»/mlxmmHg)= 3-days lenses7}
A 5HA Eekom, 39} 1-day lenses= 48x107°(cm/sec)(mlO»/ml x mmHg), 3-days lenses7} 9.6 x 10~%(cm/sec)(mlO»/mlxmmHg)o)|
ATk 7HAIEA BE2 F &2 1-day lenses7} 97.21%, 3-days lenses”7} 97.65% % 2.1, 3Q 2} 1-day lenses”| 94.25%, 3-days lenses7}
05.15%= LFERIT). AI%E 4 W S wehe Shoj 22 A] 3-days lensese] o] Wk W 212Hgo] AT oA I-
day lenses?} H]1L8}o] 3-days lenses®| 3% 2h8- A] A F2feF2 29l o), 9 H2HE-2 3-day lensesol| 4] B} @o] IEEQ]
o0, o)tz AW WAL 9] e WaHTo| o WL Ao Bekw,
=

N =

FHON: Q17 o), WA AR AROLE T, Ad R, PR Fahg, FAEAA S

ABSTRACT. The study aimed to investigate in vitro lipid deposition of oleic acid, oleic acid methyl ester and cholesterol on
a daily disposable (1-day lenses) and 3-days lenses over 3 days and changes of optical characteristics is also investigated. Arti-
ficial tear solutions were prepared to simulate actual tear compositions. Two types of contact lenses (1-day lenses (Senofilcon A) and 3-
days lenses (silicone tripolymer)) were soaked in the artificial tear solutions within an incubator at 37 °C with 150 rpm for 8,
16, 24 hours. Lipid deposition (oleic acid, oleic acid methyl ester and cholesterol) were measured using high performance lig-
uid chromatography (HPLC) instrument. In addition, measurements of oxygen transmissibility, light transmittance and observation
of lens surface were conducted. The amount of lipid deposition on the 1-day lenses were 127.55 pg/lens for Day 1, 302.96 ng/lens,
for Day 2, and 353.30 pg/lens for Day 3. The 3-days lenses were 46.22 pg/lens for Day 1, 66.07 pg/lens for Day 2, and 67.45 ng/lens
for Day 3. Oxygen transmissibility were 81x10~%(cm/sec)(ml Ox/mlIxmmHg)(Baseline) and 48x10~°(cm/sec)(ml O»/mlxmmHg)
(Day 3) for the 1-day lenses, it were 13.23x10~%(cm/sec)(ml O»/mIxmmHg)(Baseline) and 9.6x10~°(cm/sec)(ml O/ mIxmmHg) (Day 3)
for the 3-days lenses. Transmittance of each lenses were 97.21% (Baseline) and 94.25% (Day 3) for the 1-day lenses, 97.65%
(Baseline) and 95.15% (Day 3) for the 3-days lenses. Observation of surface deposition indicated greatest deposition for the 3-days
lenses type on Day 3. Lipid deposition for both lens types increased by day and was greater for the 1-day lenses type. Surface
deposition appeared to differ as it was greatest for the 3 days lens type, which may suggest other deposits such as protein may
be present.

Key words: ATS(artificial tear solution), HPLC(high performance liquid chromatography), Oxygen transmissibility, Visible
light transmittance, SEM (scanning electron microscope)
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upeba] 2 Aol A In Vitro e o Al = A 2|2 sfo] =
27 A9 d35]E d=(1-day lens: senofilcon A)2} 3
28l =(3-days lens: silicone tripolymer)e]] 1o} A7t 7 1}
W A W W et S4L v melaA) gt

Table 1. Characteristics of silicone hydrogel lenses
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N
olqy
A

o

AEWE]

AYPE FTYEAR 2 dFol= 43§ AW=(1-day lens:

senofilcon A)Q} 3 gl
z3

AHgatele A4S
EAL Table 13} 24T},

o
Z(3-days lens: silicone tripolymer)&
9]

A AT 7 ZHEH =9

Q1 F FH(ATS: Artificial Tear Solution). = A -of A
AREE QF FHe F3ThAZ ZAE QI A A A=
=22 Z(LSS: Lipid Stock Solution)& ¥F== Zo|t}, &2
to] A LSS 500X B3¢l on, ¢l FoHo
ARG AR/t Table 29+ At} v TAR A4 ¢
=9l (LTS: Lipid artificial Tear Solution)Z Jt=+= Zl ot}
LSS ¢35 8-o(PBS: Phosphate Buffered Saline, PH 7.4)2
d7¥staL, LSS7F PBSO]| €h 3] 2 )1E w712 37 °Col A
2.9} Aeletolck. vl x| at kA 2 chal g3} el g A}
Sh= ook ALl 4 Thil AT} ol 9 2% ATSo 49
O SR Table 200 AFH O F&Eo] glow, o1F
trofof] ALgEl SLE A% Sigma(Oakville, ON)of 4] 7-¢]

shiet.

Table 2. Attificial tear solution components

10-14

Lipid Component Concentration (mg/mL)
Cholesterol 0.0018
Cholesteryl oleate 0.024
Oleic acid 0.0018
Oleic acid methyl ester 0.012
Phosphatidylcholine 0.0005
Triolein 0.016
Protein Component Concentration (mg/mL)
Bovine Albumin 0.20
Hen Egg Lysozyme 1.90
Bovine Mucin 0.15
Lactoferrin 1.90
Immunoglobulin G 0.02

Proprietary name Acuvue OASYS (1-day lens) Davich Trevues (3-days lens)
Manufacturer Johnson & Johnson DK Medivision
USAN Senofilcon A Silicone tripolymer
Surface treatment No surface treatment Internal wetting agent No surface treatment

Base Curve(mm)

8.5/9.0

Water content (%)
Diameter(mm) 14.3
Oxygen Transmissibility (Dk/t) 121(81)
Center thickness (mm) -3.00D 0.085
FDA Class Group |

8.7
45
142
(13.2)
0.07~0.13
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Mgiuy
AF o] o3t EHEH R Y. AFE ZHEH
2= Z2AE JJF 8 2mLof Yo & £, 34.5°
150 pme] 452 ES0l2uA 0 dAAT 04
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@ 292 16h 29)8h 2@ &
Ao A 16h tHE 2 g-ollof
8hod &

® (3¥2k: 24h 2%) 8h ©¥-16h 4| 3-8h 2%-16h
A7 —8h & ¢ - ko] o] Foj At

£y

HPLCE o] &3 Age] 34 4 FFF 53.°7

TYEAZZREY AP 5. 29 &
PSSOl om 28l Wo] £ F AWS FEsA
ZZ2 chloroform: methanol& 2:19] H| &2 X335} =
7140 2mLo] ©E FHEAZE go] wjo]
4NTHERE3T°C, 150 pme] S5 2 EEo] Fu A A
A A WAEE wE B A FE T
oRl= (7|81 = 34 4] Z47](Rotavapor® R-300, Buchi,
Swiss)E o] g 3fe] A A sk ich, 255 A4S HPLCS
7]-8-1}] (acetonitrile : chloroform = 66.7 : 33.3, v/v) 75 uLof| €
el Hol T Golo] F85] Ao 3o 4 287} A2
3}a1, 0.2 um nylon filtero]] o] 1}3}o] AF&-3}iTh

A J2HEQ 2] . =53 AW 2= HPLC
(LC-20AR, Shimadzu, Japan)& ©]-&3}o] X AES &
2ol A ot 24 Al ALgE AHL C-l8column
(4.6x250 mm, particle size: 5 um, Shimadzu, Japan)E o]-&
3} T} 37 °Cof| A gradient method (acetonitrile : water =95 : 5,
VV)E o]&313 o, o] FA B ACNS 95~100%=, 1 mL/
ming] 41 2 508 Hok $EAIZ] F 2E3 AR 104LE
F 5k Balshnt e E AR UV-detector (SPD- 10A,
Shimadzu, Japan)E ©|-&35to] HE w17 205 nmo| A 574
shsict.

A AZE AFE 3 EFETA, oF FH F EAo
o]-&-% 3% 9] X]"H(oleic acid, O.A.M.E: oleic acid methyl ester
2 cholesterol A ®AS HPLC-& S£<-8 9 (acetonitrile :
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stelTh
At4A EF}E(oxygen transmissibility). A4 =3}
polarographic ¥} © 2 ZA3}¢th.!8 PBSo| @71
=
=

i

12 H

Fl’O FHI
ol
oo (morle

2 = 9} polarographic cell, cell mounting fixture
Z71(WL10008S, with lab G %= 95%, =% 35°C)o] @il 24]
ol By AElE A% 5, polarographic cell o]
ZE5 29 &l == nylon meshE 22 cell mount
ting fixture= 1173} 31, permeometer(Model 201T O
permeometer, CHREATECH, USA)E o] &3}l HAHF 7S
SA3E A=) S FAl= Y vhol D Alo] A (Litematic:
Model VL-50, Mitutoyo)Z ©]-8-3}o] ZA3}c}. B3t
AAE &Y 2104 A= A7 gHe 34 ke S48
A, = 7L k=t A 9FH(MFDS: ministry of food
and drug safety)?] 7]&of w-skth.

7YA133 4 FE1}-8-(visible light transmittance). <=3} A} Ejf
o) 7 A P A= 34K A5l U-visible
spectrophotometer (Evolution 201, USA)E ©o]&3}% 1,
370 nmell 4] 790 nm7R| o] wg W 9le A Zhzke] 2o
el 3 2 T HFoke] ALEatalct.

EABE. 7} W22 249 4247 T, SEM(Scanning
Electron Microscope: Mira III, Czech)& ©]|-8-3}o] A|7F ¥
EWISLS 500X S pshelc,

g

2 I

HPLCZ O|&¢t X|22] E2|

H A3 2 A0 et 22 % Oleic acid2} Oleic acid methyl
ester 12] 31 Cholesterol®] peakE Fig. 19 YeEYATH
Oleic acid= 9.73%5, Oleic acid methyl ester= 15.55%5-0],
Cholesterol-& 34.585-0]] peak”} VFEFGTE =% & Oleic acid,
Oleic acid methyl ester 2 Cholesterol®] ¥ &A1} A Ar
Al4=(linear correlation coefficient):= Fig. 12} 2t} Az
stoj=g 7 fll=of FAE ARpe] 2
&3t A shalth(Table 3).

142} ATSof| 8A|7F @ 5, )2 & Ao] F3F-2 1-day
lens7} 128 pg/lens, 3-days lens7} 46 pg/lens©] i T}

29U} 16A17F 2% A] 1-day lens7} 303 pg/lens, 3-days lens
7} 66 pg/lenso] L. 3Y X} 24417 2 A A] 1-day lenso]| A
353 pg/lens, 3-days lensof| A 68 pg/lenso] & & AT}

B4 Al o] &H v S A 3] AA A AR
1-day lens7} 3-days lenso]| B3] Wttt F d =2 L F @
& 190abs} 290 3pol A A ATpe] Z7b7h 73, 320 Ake] A
FEope) wahi 7o) ¢eirh(Fig. 2).
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Figure 1. Representative high-performance liquid chromatogram. 1mg/mL standard sample mixture of oleic acid, oleic acid methyl
ester, and cholesterol having retention times of 9.73, 15.55, and 34.58 minutes, respectively.

Table 3. Representative calibration curves for oleic acid, oleic acid
methyl ester and cholesterol by using HPLC method

Standards Calibration curve R?
Oleic acid y =3903.3x — 2109.8 0.9999
Oleic acid methyl ester ~ y =3889.3x + 221222 0.9987
Cholesterol y=51519x—-53.5 0.9996
400.00
£ 353.30
b= 33000 302.96 ?
8 300.00 »
5 7. /
T o~ 250.00 / /
=5
£ 3 20000 / %
;; 2 150.00 127.55 / /
S 10000 P / /
. o // o / 66.07 / 6745
E )
day 1 day2 day3

« 1-day lens W 3-days lens

Figure 2. Amounts of lipid deposited on 1-day lens (disposable
lens) and 3-days lens by using HPLC method.

1-day lens+= oleic acid®] % &+o] 712 wWko ], A7+ 7
1L}, 24}, 392ho]| whet F7HE Btk &, oleic
acid®] 22 & 3-days lens@} H] W 3Fo] L E A 7to] §lo]
A F7HE B Ath(Fig. 4).

3-days lens= oleic acid methyl ester®] 2 o] 7}4 wWo)
aL, AZF 7 e whet ] 2bgo] S5t 3iTh. 3-days lens
oleic acid methyl ester®] H2FF2 1YL=}, 2 =}of| S717}
HOt, 3A3pe] 49 Z7He =14 okrhFig. 5).

F #= BEof A cholesterol®] &2 A2 §l%lom
AlZE wste] whE HAEFS] Aol YEhHA eSkTh
(Fig. 6).

1-day lens (daily disporsable lens)

2 300.00
=y
7 248.39
n 250,00
=
i[5
3 _ 20000
— 200.
7 150.00
=}
o0
&2
<~ 100.00
[
s} % day 1
o 50.00
%n @ day 2
S 0.00 #day 3
d 60.00
=
7
o 50.00
=
o
3 40.00
40,
£E
7T 30.00
=]
on
-@ 2 2000
o ’ 13.64 108271497 T day 1
o N
o 1000 2 2day2
2 “day 3
E -c:-c: N ay
0.00 o -
(3}

oleic acid

Figure 3. Change amounts of lipids deposited on 1-day lens
(disposable lens) and 3-days lens over 3-days by using HPLC
method. O.A.M.E (oleic acid methyl ester).

A4 BT (oxygen transmissibility)

AE FH 29 A l-day lens®| Atax FE(Dk/t)=
81.0x10~(cm/sec)(ml Ox/ml x mmHg)o| ¢l o H, o= A%
Aboll Al A A BE 121x107(cm/sec)(m] Ox/ml x mmHg)2} 2;
o|7} A o= F4 7] thEoll we 2= 47t
ok 3-days lensi= A| AR A AARE Abar Bk E= Gl
om, ey Fl 2 ¥ H &4 Akd B 13.23x107

(cm/sec)(ml O/ml x mmHg) 2. 2 1-day lenso]] H] 3l & #] 3]
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i 1-day lens ™ 3-days lens
6.00

5.00
4.00
3.00
2.00

1.00
) 036 g5 023 016

amount of Cholesterol deposition
(pg/lens)

0.00 mm—
day 1 day 2 day 3

Figure 4. Amounts of oleic acid deposited on 1-day lens (dispos-
able lens) and 3-days lens by using HPLC method.

#1-day lens ~ ®3-days lens
§ 16000
§ 140.00 A3l
& 12000
T~
M 2 100.00
=2 500
<o
O T 60.00
oz
3 20,00 37.04 o540 40.11
1=}
g 0.00

day 1 day 2 day 3

Figure 5. Amounts of O.A.M.E(oleic acid methyl ester) depos-
ited on 1-day lens (disposable lens) and 3-days lens by using HPLC
method.

# ]-day lens ®3-days lens

300.00
248.39
250.00

200.00 163.29

150.00

90.36

(pg/lens)

100.00

50.00

0.00

amount of oleic acid deposition

day 1 day 2 day 3

Figure 6. Amounts of cholesterol deposited on 1-day lens (dis-
posable lens) and 3-days lens by using HPLC method.

90.00 81.00
80.00

70.00 64.60 63.60
60.00
48.00
50.00
40.00

30.00

20.00 13.23 11.64 10.64 9.60
10,00 ..-------.—------..-------.

change of oxygen transmissbility
(DK/t)

0.00
prior to the storage day 1 day 2 day 3

—a— | -day lens

Figure 7. The measured Dk/t (cm/sec) (mlO2/mlxmmHg) x107°
on 1-day lens (disposable lens) and 3-days lens.
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Visible light transmittance reduction rate
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[N
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4
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»
«n
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e | Jay lens == @ e 3-days lens

Figure 8. The change of visible light transmissibility of 1-day
lens and 3-day lens contact lens caused by over 3 days.

T A ZF A 3bol| whet Aba EobE = 3
day lensoﬂfﬂ—J Bt fFAago] 7loy 27
ﬂ]riﬂ 3-days lenso| 4] @=]5] WFok-gof whet A
FAIEF 3 ZpAJ ol A 1-day lensofl A Hoh 452 4has 7
&< Ul AdthFig. 7).

d

I 2 E 1} Z (visible light transmittance)

= Aol A F Az AxE Sk whE ZHAEA T
& WSS Fig. 8ol UEF ST @ A 2z 7hAEA
E7-8-2 1-day lens7} 97.21%, 3-days lens7} 97.65%%3 t}.
1-day lens®] 73-$- 1€} 0.70% -2L 2} 2.00% -3 L 2} 2.96%
A3, 3-days lens= 192} 0.50% 292} 2.27% -3L =}
2.50% A= ok = dlx B AZF Fa H 7
Eglgo] ARFHOo R 7FAFH O, 3 2} F AR B
oF 95% o)/F 9] 7HAEA BHEE ASHA T

el

T
s
tol

=

S~

| BE A 7Fo)| A 3-days lensof| 4] H} @
=ik

AZF Aad A2HEo] Zrpskgl o), A=
Aol E 2= ettt Fig 9o Hol= 3
chlHo] Agte FejE Ho] Ao

o =T
rd

o
e o
o

n

= o

u!
z (B 41 2 K g

flo ey IN
1o
_(?L
N,
[e%

=
fui)

N

ﬁ

-

¢

27
B~
4
ot
o o
N
=
=

rg o
X
Ivx
>

rL
l:,
(2 rlo
o
b
=2 0

BL
oX,
o
3T
;‘é
A

2
£)
IN
==
(g
2

jail
2L

¢4
—r
o me |
AN
S i)
2 rlo

Wl
4
s
LTS
)
1o &
of
)
2 4
o
o
o
gy
> Mo
o ox,
ri

)
IN
2,
fr
i)
NS
F-.J ol
B
)
2
o
i
o
op
_OrL

i 2
B
il
1o
oy S
do o
ox | M

do fu 4
ot

1%
o
SL
K
9o
*



72

SEM HV: 3.0 kV. WD: 8.07 mm |
SEM MAG: 500 x Det: SE 100 pm
View fleld: 554 um | Date(m/dly): 03/05/19

SEM HV: 3.0 kV. WD: 7.88 mm L
SEM MAG: 500 x Det: SE 100 um
View field: 54 um | Date(m/dly): 03/05/19

SEM HV: 3.0 KV WD: 8.46 mm
SEM MAG: 500 x Det: SE 100 pm
View fleld: 554 um | Date(m/dly): 03/05/19

SEM HV: 3.0 KV WD: 7.83 mm
SEM MAG: 500 x [ 100 ym
View field: 54 um | Date(m/dly): 03/05/19

SEM HV: 3.0 kV. WD: 8.69 mm

SEM MAG: 500 x Det: SE 100 pm
View field: 554 um  Date(m/dly): 03/05/19

SEM HV: 3.0 kV WD: 7.87 mm
SEM MAG: 500 x Det: SE 100 pm
View field: 554 um  Date(m/dly): 03/05/19

Figure 9. Random deposit spots on the surface of fouled lens by over 3 days. Scanning electron micrographs (SEM) (magnification
X 500). upper image indicates surface deposition 1-day lens. A-1: 1-day lens: 1day (1-day: 8h), A-2: 1-day lens: 2days (2days: 16h),
A-3: 1-day lens: 3days (3days: 24h). lower image indicates surface deposition 3-days lens. B-1: 1-day lens: 1day (1-day: 8h), B-

2: 1-day lens: 2days (2days: 16h), B-3: 1-day lens: 3days (3days: 24h).
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