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AlBiIZz ol dgbH group 1V) 2 hilafilcon B(FDA group II) A 29| A=
(-3.00 D)E AFE-3IATHTable 1).

AZEHX 9l X2 EY AR A AREE TE]8d A ] el wet

AL A== Slo]l=2 4 A ZZ A etafilcon A(FDA poloxamine & poloxamer?] F Al Z Vil AAEAIA

Table 1. The general properties of soft contact lenses used in the study

Proprietary Name SofLens 59 1-DAY ACUVUE
USAN hilafilcon B etafilcon A
Manufacturer Bausch & Lomb Johnson & Johnson
FDA Group II v
Base curve (mm) 8.6 8.5
Diopter (D) -3.00 -3.00
Central Thickness (mm) 0.09 @ 3.00 D 0.084 @ 3.00 D
Oxygen transmissibility (Dk/t) 24 33
Water content (%) 59 58
Replacement schedule 2 weeks Daily disposable

Table 2. Multi-purpose solutions used in the experiment

Surfactant Product Component
Disinfectant Polyaminopropyl biguanide 0.00013%, polyquaternium 0.0001%
Surfactant Poloxamine 1%
BT Buffer system Borate buffer
Others Hyaluronan, sulfobetaine, edetate disodium, NaCl
THo7 Disinfectant Polyaminopropyl biguanide 0.00005%
Surfactant Poloxamine 1%
RS Buffer system Borate buffer
Poloxamine Others Edetate disodium, NaCl
Disinfectant Polyquaternium-1 0.001%, Aldox 0.0005%
Surfactant TearGlyde (Tetronic 1304 0.1% + C9-ED3A)
OR Buffer system Citrate buffer, borate buffer
Others NaCl, propylene glycol 1%
T304 Disinfectant Polyquaternium-1 0.001%, Aldox 0.0006%
Surfactant Tetronic 1304 0.1%, EOBO-41 (Hydraglyde Moisture Matrix)
op Buffer system Citrate buffer, borate buffer
Others Aminomethylpropanol, NaCl, disodium EDTA, sorbitol
Disinfectant Polyhexamethylene biguanide 0.0001%
Surfactant Pluronic F127 0.1%
F127 AQ Buffer system Phosphate buffer
Others 0.1% hyaluri'nic acid, sorbitol, trome'than?ine, Qihydrogen,
Poloxamer dexpanthenol, sodium perborate, edetate disodium dihydrate 0.025%,
Disinfectant Hydrogen peroxide 3%
17R4 A0 Surfactant Pluronic 17R4
Buffer system Phosphate buffer
Others Phosphonic acid, NaCl
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A7 UE wl AFSEHEAHOSE Dunnett’s multiple
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Etafilcon A 2 hilafilcon B A2 d=o)] Azt ghuna
S 659 YEFHEN RS, BT, OR, OP, AQ & A0S ©]
|3t FA2715 d& A9 AW ES A2 o] Al
= & chlA oS H| w3l THTables 3, 4, 5 and 6). A=
#2899 F RS, BT, OR ¥ OP= AWTHHESZ
poloxamine(Tetronic)S g3kl 2™, AQ © AOE= A

HEAGAFE O Z poloxamer(Pluronic)S -3t Ut

1) Etafilcon A & =

Etafilcon A A2 A=Z 5 mle] QF3 Aol gA)7F A3
A RS wf H2E A ke 2484.6+81.5 pug/lensZ Al
A =9} vlwsle] FAFHOZ {23k 20| (p=10.000 by t-
teshE UEMIAOH 6570 thezgdoz Mg 7
G- Aze Holgle 2 vl deke FAZ R {5t
ZFolE YERNATHp = 0.0046 by one-way ANOVA).

=, RS A5 EAZ7]E 3R] LS wjo] A
2 2060.9£80.2 pg/lensE UENEO M, FA 275 Al
39S wo] e AL 1813.7£119.9 pg/lens® YER}
T A% BF AH A vty FAHZ fod ¢
Wz Ere]l A4S B JTHp<0.01 by one-way ANOVA and
Dunnett’s multiple comparison), (Table 3). BTZ A& A
di e FA27)E sHA FUS AT 2066.0£102.6
pg/lenso] oM, 2715 F718S A 1800241335
pg/lens= YER A2 3} vlwste] fofgh 21o](p<0.01 by
one-way ANOVA and Dunnett’s multiple comparison)S 1%
T}. ORZ AAYS wf A=of Folole D dze 4
2712 o3l 79 1917.1£102.6 pg/lenso] Ao, F-4]
2712 F71319S A$E 1559.3196.5 pgllens®] M2k
S Ho] BF A A vwsty] FAXHOZ {4
T AlF o] o]FofHS & & AATHpP<0.01 by one-
way ANOVA and Dunnett’s multiple comparison). OP=
AH Al FAZ271E APS AS e i dege
2090.5£88.2 pg/lens®] Ao, FAZ7E P& A=
1903.0+121.4 pg/lens®] T o] SH o™ A%
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Table 3. Protein amount on etafilcon A lens cleaned with multi-purpose solutions containing poloxamine (unit : pg/lens)

Poloxamine (T1107)

Poloxamine (T1304)

RS BT OR OP
No Rub ‘ Rub No Rub | Rub No Rub ‘ Rub No Rub ‘ Rub
No cleaning 2484.6+81.5 2484.6+81.5
After cleaning|2060.9+ 80.2‘ 1813.7+ 119.9‘2066.0i 102.6| 1800.2£133.5[1917.1+102.6 ‘ 1559.3£96.5 ‘2090.5i88.2‘ 1903.5£121.4

Table 4. Protein amount on etafilcon A lens cleaned with multi-purpose solutions containing poloxamer (unit : ug/lens)

AO AQ
No Rub I Rub No Rub l Rub

No cleaning 2484.6+81.5

After cleaning 1683.4+188.1 ’ 141491304 1991.0+52.7 ‘ 1749.0+96.8
Ae] St vjawse] FAZCE Folgh 2ko](p<0.05 ONo rub
by one-way ANOVA and Dunnett’s multiple comparison)S 50 B Rub
HAH- g 40 -

Poloxamer % er"]@}—rﬁ\_—’r‘i SHels AOZ A3 A 2

BA) 278 314 BE 79 1683.4+188.1 pg/lense] 3 8 a0
% %‘ﬁé‘%}ﬂ, FA27E YL Yol 141491304 =
ug/lens] 2 Thal A o] S ] ) th(p<0.001 by one- S
way ANOVA and Dunnett’s multiple comparison), (Table 8 10 -
4). EAEAQ AQR A=A Al EAZIIE <t AE o
739 S5 HE Tl E RS 1991+52.7 pg/lense] Ao} R& BT OR OP AQ A0
TAZ7E A AFolM= 1749+ 96.8 ng/lens®] F =+ Multi-purpose solutions
il 2 ko] 78 = ATH(p<0.01 by one-way ANOVA and Fig. 1. The cleaning efficacy of multi-purpose solutions on

Dunnett’s multiple comparison), (Table 4).
Etafilcon A A| & #ANZ= o] A, wskre] A=z xz+

g_‘: Tl A ko] WS Bul ol 1O 2RHT I7)7}) 2

o]l &S "= glAAQlo] giFEo|oiA] d= poredl]
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2 e HESHE WUAe) Bop S0k 9A) e
AHEES HATHFig. 1). =, RSO AHFE&L ER27)

5 ADE A o 17%, TA27)E S F5 F 27%=E
LFER S ™ (p=0.006 by t-test, no-rub vs rub), BTS] A4
BES FAZVE S AT oF 16.9%, F7HS B¢
¢F 27.6%°] A THp=0.006 by t-test, no-rub vs rub). OR<]
Aﬂ&*i%% TAZ27)E oA Bk W oF 22.9%, A

2 F7ES e 372%E e EX27]E &)
z] 013 ARG 143% 57 AHEES BYoH
(p=0.000 by t-test, no-rub vs rub), TR 27|5 3}#] ¢

oP] AlH LS oF 15.7%°]1 o, EA=271E e 74
= 9 23.4%F JER 7.5%71 3 o =2 M2asS B
S ThH(p=0.038 by t-test, no-rub vs rub). AOL] A|H &L
FAE27E A RS A 323% A, EA27]E &
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T1107(mw=15,000)= -+ AlEolANS™, OR ¥ OP=
poloxamine Al ¥ % T1304(mw=10,500)5 -3 A|&0]
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A8 Yol 235 o] AHERE vepd didl= A
Z9 A gl Fudeo] o A 72.15+
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0.30 2 41.36+0.07 mN/mZ =A% v} 9.1, T1304 ]
Qe o ARG GES sk OR 2 OPe] A%
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= Aog Hy7dch
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F 2 AHEAGA] TR 2 gEAgde] AHa s 183

ar Pe]
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mN/mZ SZ= A= F874< 0
°] 44 mNmSl A& wFo] HHX AQ W]
pluronic 17R49] FEE 0.1% o3-S FA] ¢S o)} %
g = ok 2 A ET AQU A02] AR €] poloxamine
ALGe] thE-zg-o] BT, RS, OR & OPHU} =20 B

3}al etafilcon A A} @A =of BH2bE whillZ o] A ¥ g8
L 23y =4 vehjorg AU nAldAE
= FFAEY gE4-8de] gugE o] AlFas Hrle
AUlF 7ol 2 F S RISk

2) Hilafilcon B Z{Z& #l=

Hilafilcon B A1& #M=E 79 5 AF3FH HAA|
A @ ES JHAZS W HE DA FES 15851484
ng/lens® S = o] A} A=e} vlulste] FAHOZ {2
3} 2}o](p=0.000 by t-test)S HA oM 6579 thEAH &
Ho g AHE & Folle A el A Ay A3}
vl FAHoZ FoshA A3 tHp=0.0187 by
one-way ANOVA).

=, RSE A|F A BA 2715 sHA] &5k o) 33
WA EES 1003+ 18.4 pg/lenso]oH, EAE27S F
3lAS A9l 91.9+22.6 pglens®] F = ghalA 2
A= TAHLE Fog 2Ho](p<0.05 by one-way
ANOVA and Dunnett’s multiple comparison)S- } S TH(Table
5). BTZ M3 A9 EA 2718 AFel9< wjoll& 98.1+
199 pgflens®] 2 Tl Aol FX27]15 & Wol=
78.7£20.8 pg/lens®] 2} Thildofo] SAE I THp<0.05 by
one-way ANOVA and Dunnett’s multiple comparison), (Table
5). ORZ Tt o] 27 hilafilcon BAE A=ZE A
s FA27E BF FF= 79.9+37.0 pg/lens
o A& @A), A=271E FH8e dFole
55.9426.8 pg/lens®] 3= gl o] ZHHATH(p<0.01
by one-way ANOVA and Dunnett’s multiple comparison),
(Table 5). OPE A& Al £A27]5 <t A& A5 1115
+£24.7 pg/lens®] & Aol FA27)E & A5

AV

T

o X

Table 5. Protein amount on hilafilcon B lens cleaned with multi-purpose solutions containing poloxamine (unit : pg/lens)

Poloxamine (T1107)

Poloxamine (T1304)

RS BT

OR OP

No Rub ‘ Rub No Rub ‘

Rub No Rub | Rub

No Rub ‘ Rub

No cleaning 158.5+48.4

158.5£48.4

After cleaning

1003+184 | 919226 | 98.1199 | 7874208

79.9+37.0 | 55.9£26.8 111.5i24.7‘ 86.61£34.0
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Table 6. Protein amount on hilafilcon B lens cleaned with multi-purpose solutions containing poloxamer (unit : pg/lens)

AO AQ
No Rub ‘ Rub No Rub ‘ Rub
No cleaning 158.51+48.4
After cleaning 111.3£12.6 ‘ 66.2+17.8 9221£11.8 ‘ 72.2+8.1
o= 86.6+34.0 pg/lens®] I Tl Aeko] A E o] A 120 - O No rub
2 27} vlaste] FAH SR folatA Al o] ool M 100 - M Rub
S E13A THp<0.05 by one-way ANOVA and Dunnett’s §
multiple comparison). § 80
AOZ hilafilcon B AE=Z=2] A H A #2715 <H) % 60
S 79 111.3£12.6 pg/lens?] & ©hldo], #1275 g 40 - ’_Li ﬂ ’_[
e A9l 66.2+17.8 pg/lense] X gl defo] = 3
A= ATHp<0.05 by one-way ANOVA and Dunnett’s multiple © 20
comparison),(Table 6). AQZ A& A] 922+ 11.8 ug/lens®] 0 : : : :
& g o] Uehgon, #2718 & Ffole RS BT OR OP AQ A0

72.248.1 pg/lens®] FE TlFo] Folg) I th(p<0.05 by
one-way ANOVA and Dunnett’s multiple comparison),
(Table 6).

Hilafilcon B Ajd A== Hlo|Ad, 113re] aAl=zg 3
2} LTS etafilcon A A A= vlE] FA] A& W

Tk olgl HAtE e gl E o] 25 He gaAglo] of
d dREToY S 2EHOE AR poredsol] H3ro] HXA|
Egouvmg tJEALMOFZ A|Z Al etafilcon A A& A=
o] AR AHEE&S 53t tHFig. 2). =, hilafilcon
B A1A d=o tigk RSY AIHEES EX27]1E A=)

= Aol 36.7%019 07, FA2TIE AAlsksE B

= A
= T 2.1%s B 54%Y AHEE TS BRa
(p=0.781 by t-test, no-rub vs rub), BTY MHEE&L +A
2715 A B B 38.1%04 EA271E F7F8)
Ae ALE 504%Z YERY 123%2] MHEe Z71E
B tHp=0.267 by t-test, no-rub vs rub). ORS] A H G&
S FA2INE A FUS BT 49.6% FEollor, &
A28 NAHAE BIE 64T%E T E&] 353}
[e)

A 31(p=0.373 by t-test, no-rub vs rub), OPL] M|Z &2
FAZ7)5 S A 29.7%004, BAEANS F7} A
oA BT 45.4%= EFATHp=0.238 by t-test, no-
rub vs rub). AOS] AHEE&L FA27]E 3HA] LS H
= 29.8%, FAEVNE P& BT 582%F VER] oF
28.4%2] SV RO (p=0.854 by t-test), AQ2] A|F
BEL FAE7E AHFAS BT 38.1%A FAZ2TE
A BEAS 79 54.4%= AHE L0 16.3% 7HF Z7V8}
ATH(p=0.267 by t-test, no-rub vs rub). ©]F X% THE-2-8-
S ©o]-8-3od hilafilcon B A& =0l 32He TS A
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Multi-purpose solutions

Fig. 2. The cleaning efficacy of multi-purpose solutions on
hilafilcon B lens.
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> OP = RS > AO9 =02 Yelytor AH a8 of
30~65%7HA] ThgstAl YEFsTHFig. 2). Hilafilcon B A2
A zol Fate childo] A2 §8-L etafilcon A A2 &
=9 Af-ok= t2A el JtkskrarE st
o A= FFAY cross-linking AFO]S Ao
etafilcon A A& A=NME 7PF 53 AlHEae8S
AE A0« vlo]24 A& hilafilcon B @lZo|A = 1
a3} gd oz 74 ORS AlL]SIal poloxamine
< T3 RS, BT 2 OP9] AlHEEL Bl <20l
o} HH, Alz3jAke] AT dEgle] B FA27]
£ 3} MY S W= OR > AO = AQ > BT > OP
RS9} £o 2 Yehtom AHa g st #A27|E 3}
2o L9l Hlwalal FHAE 54%04 IAAE <
7V S AEES BT A 278 A 5
LA Z27)7F DeATFARE o] ofbd OP ¥ AO= 7HE
oF 30% Jx=9] AlHEE&S XU} Hilafilcon B A
2 Gz AT A etafilcon A AT v E t}
28 of A|Z3|AL Tho| =gl dEgle] EA2TE
7o ol A H 5ot
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1) Etafilcon A & #l=

Etafilcon A A& #=(-3.00 D)Z <1FFHo| T} 8

A s gl AS HZA S wo] 7A3A BEEe
86.2£1.5%°|Q3L o= A ;=9 7IA|FAFEFRER]

97.5+0.5%%} vluste] BAHOZ Fogt 2}o](p<0.01
by Dunnett’s multiple comparison)©] 2T}, oA

I

-0}

T s
ZZA 7] etafilcon A A& ARE 629 thEFH L NS
o] g3t EXE7]|E & A+ A HS=E U
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Table 8. Visible light transmissibility of etafilcon A lens cleaned
with multi-purpose solutions containing poloxamer

Visible AO AQ
light trans-
missibility(%) No Rub Rub No Rub Rub
New lens 97.5+0.5
No cleaning 86.2+1.5
After cleaning 88.3+0.5 | 91.0+0.6 ‘ 89.0+0.9 ‘ 90.8+0.7

=

ol’ge] 7MAB/ A FIEo gk A 8ol e] Js
Haggo| Are} vlusted B FR275 39S B¢
etafilcon A A& =) 3 thEFgHo] MHFgEL
AO > OR > AQ > BT = RS > OP] =0 & Yehgo}
TN BAETE 3B RS = OP>A0 = AQ = OR>
BT9] 0.2 Ueht} 7 Aaprt A8 55 & 3
Ak, T2 o] A 23|} 7ol =8It AFaEgle]
AZ7NE SRS BT 1A S AR =2 AH
T8 2 FEHE JEES B AL IXFY o U=
AgH] AHEE B FFEAEY FAIAE =4 B
o] etafilcon A A #=o] AL Ex 272 37}5
AHE sdele AHEE0] 50%S YA ol &
A% g go) B) W] FETLo] A ze
2 3| HEA] oS BNk ofe} AuE g g Rl w
Tl do] WAlo] Ho] FFIEo S vHS
= 3] HHZﬂ T ok 2y AR RS
80%oldol EJH AlZtH oz & JTF
o] {171 UH%OU”” AFFAel ofsf Tdo] e A=

l

(3
(o4

Fl

res
|

o r
I-ﬂ

k)
e
—l#

tllo

N

Fs

& Eyalze) 7

o,

[0

l

g} siEls 7 BAETSL 80, ool on g 23
SIgk Algo] opgw A|ZHHQ) 2ol mrlAE £ A
o2 gAY,

2) Hilafilcon B & #=

Hilafilcon B Z|& #=(-3.00 D)& ¢l&Fdol B7} 7¢
Sob S AHAAAL W) AN BAEREE 935+
0.5%% SHHACH, o= A d=9] FFIHER] 98.0+

Table 7. Visible light transmissibility of etafilcon A lens cleaned with multi-purpose solutions containing poloxamine

Poloxamine (T1107) Poloxamine (T1304)
Visible RS BT OR opP
light trans-
missibility(%) No Rub ‘ Rub No Rub ‘ Rub No Rub ‘ Rub No Rub ‘ Rub
new lens 97.5+0.5 97.5£0.5
no cleaning 862+ 1.5 86.2+1.5
after cleaning | 87.5+1.8 \ 93.0+0.9 | 87.8+0.8 \ 89.8+1.0 | 87.8+0.8 \ 90.5+1.0 | 89.3+1.8 \ 92.3+1.8
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Table 9. Visible light transmissibility of hilafilcon B lens cleaned with multi-purpose solutions containing poloxamine

Poloxamine (T1107) Poloxamine (T1304)
Visible RS BT OR oP
light trans-
missibility(%) NoRub | Rub NoRub |  Rub NoRub |  Rub NoRub |  Rub
New lens 98.0+0.4 98.0+ 0.4
No cleaning 93.5+0.5 93.5+0.5
After cleaning | 94.3+0.5 | 96.6+0.5 | 94.6£0.5 \ 963+0.5 | 95.0£0.5 \ 96.6+0.9 \ 94.6+0.5 \ 97.0+0.8

Table 10. Visible light transmissibility of hilafilcon B lens cleaned
with multi-purpose solutions containing poloxamer

Visible AO AQ

light trans-
missibility(%) No Rub Rub No Rub Rub
New lens 98.0+0.4
No cleaning 93.5+0.5

After cleaning | 94.1£0.5 | 96.3+0.8 | 94.6%0.5 \ 96.0+0.5
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The Deposition of Tear Protein according to Soft Lens Materials and
The Cleaning Efficacy of Multi-purpose Solution according
to the Surfactant Types

Mijung Park, Young Dae Kwon, Wang Jae Lee, and So Ra Kim™

Dept. of Optometry, Seoul National University of Science and Technology, Seoul 139-743, Korea
(Received May 8, 2014: Revised June 2, 2014: Accepted June 18, 2014)

Purpose: The present study was aimed to investigate the cleaning efficacy of multi-purpose solutions containing
different types and content of surfactants and their effect on the visible light transmittance of soft lens. Methods:
Soft lenses made of different materials (etafilcon A and hilafilcon B) were deposited tear proteins by using the
artificial tear and then compared the resulting cleaning efficacy and visible light transmittance after cleaning the
lens with 6 types of multi-purpose solutions containing different content of surfactants. Results: The cleaning
efficacy of multi-purpose solutions was variously shown as approximately 23~43% according to the active
concentration of surfactants and surface tension in multi-purpose solution when etafilcon A lens cleaned with
rubbing. The highest cleaning efficacy was detected when cleaned with the multi-purpose solution containing
hydrogen peroxide besides surfactant however, the amount of remaining protein was still high on the lens. After
washed with multi-purpose solution, the visible light transmittance of lens was in 89.8 to 90.8%. The amount of
protein deposited on hilafilcon B lens was very small compared with it on etafilcon A lens even though it was
incubated in artificial tears for 7 days, which showed 5~10% of protein amount in etafilcon A lens and the
decrease of visible light transmittance was also not significant. In case of rubbing with multi-purpose solution, the
cleaning efficacy on hilafilcon B lens was in 45.4 to 67.4% however, the order of cleaning efficacy of multi-
purpose solution was different from it on etafilcon A lens. The visible light transmittance of hilafilcon B lens has
been restored to the level of new lens. Conclusions: From the result, it is concluded that the appropriate multi-
purpose solution should be selected according to the lens material and the amount of protein deposit on the basis
of understanding surfactants and active principle for proper care of protein deposit on soft lens and the cleaning
with rubbing is more efficient for lens care regardless of manufacturer’s guideline.

Key words: Soft contact lens, Multi-purpose solution, Surfactant, Cleaning method, Cleaning efficacy, Visible
light transmittance
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