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Purpose: This study aimed to implicate a lens synthesis process that uses soft contact lenses (hereinafter soft lenses) as a
drug delivery system for a natural antibacterial component and allows optimal release of the drug. Methods: Glycyrrhizic
acid ammonium salt was used as a natural antibacterial component, and it was added to the synthesized soft lenses using
molecular imprinting polymerization (MIP). The amount released from the synthesized lenses was measured and compared
according to the number of functional monomers and initiator concentration. Results: As the concentration of glycyrrhizic
acid increased, it was possible to make greater space for the drug to be loaded, and the loading amount of 0.05 mM showed
high efficiency with respect to its release. When applying the MIP technique, it was found that the total release of
glycyrrhizic acid was highest when a single functional monomer was used with a 0.5% concentration of the initiator, and
when multifunctional monomers were used, the release was prolonged at a relatively constant rate as well as having a low
initial burst release. Conclusions: This study shows that it is possible to establish the conditions for synthesizing soft lenses
containing glycyrrhizic acid, thus solving the resistance issue facing current antibiotics and developing a functional soft
contact lens that inhibits ocular disease caused by bacteria such as Staphylococcus aureus.

Key words: Soft contact lenses, Molecular imprinting polymerization technique, Natural product, Anti-bacterial activity, Drug release
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1. =2

ATEAZ FAAS 95t 718 ZxFE HEMA(2-
hydroxyethyl methacrylate, Junsei, Japan) %! MAA(methacrylic
acid, Sigma-Aldrich, USA), 2 XFE 34121 EGDMA(ethylenglycol
dimethacrylate, Sigma-Aldrich, USA), @7§A] A1 AIBN
(azobisiobutyonitile, Sigma-Aldrich, USA)%} 85735 ¢
3t 71554 B =™ NVPN-vinyl pyrrolidone, Junsei, Japan)
£ AR e, Ax AR F el SEAIERIA R

9 (glycyrrhizic acid ammonium salt from Glycyrrhiza

root, =70%, Sigma-Aldrich, USA)S AFE-3}t}.
2. SAZ| TN L EMEl 2zERI=O| SHF Ms HI}
1 Xee)

e Rk, uvA St 2z EA=] I Py
1SO 7|Z(1SO 1472920 whe} AAeIT). e 249
st E AT (Staphylococcus aureus, ATCC 6548)2
S| A= B EAIE (Korean Culture Center of Microorganisms,
KCCM)PIIA 9331 AM83133L, Tryptone soy broth(Becton,

Dickinson and Company, USA) A A-8-5}] v st

Tryptone soy brotholl 0.08 w/v%<%] Bacto agar(Becton,
Dickinson and Company, USA)S F7}3}%] semi agar?]
FEE T WS iR E Ve & FEE o]8dt] dE &
WSlal 35~37°Ce] 25004 182447 B2t vl A F T
1.0x10* cfwmLe] 47 | mLE BFE 1.5mL FHo|
W3 PAEE (13,500 rpm, 1 min)3F T FZS A A3}
ATk HHAE el el 0.004, 0.007, 0.014, 0.06 2
023mM =] 2AYZLT &4 1 mLe ¥ol 143
5o =2 A7 & thA] 13,500 ipm o2 P45t A=
MG A A3 JNHE AE]o] ol QIAkel==g-o (phosphate
buffer sallne PBS, pH 7.4) 1 mLE ¥°] #j=]ol| 100 uL—
T TS 22 RN v $
=959k

SYAIAZIE 3] AT E- =] 3ty S-S 9
o A= 12-w

)

ofr
-

ell plateol] 1.0x10°cfu/mLe] EZ=
10uL§ e 5 FAE =5 447 0.0, 1 5 2m
T st "= AHO| plated] vigel @A a1, o
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Z= A plateol] A= AHo] HEIEE
<d 5 Tryptone soy agar(Becton, Dickinson and Company,
USAE o 23tk g2 1Y ¥ A o 75 373
sko] Hrtekoint.

3. S2|A2[RL 2EE 28t AZERI=o| Y
1»‘3— Hrerof] FEAERLkE 1, 25, 33.3 B 50 mM9]
T2 7S 3 2 E(Wise oven, DAIHAN scientific,

Korea)ow 100°C, 40% 5QF =3 sle] AT EYMZE
FEFZ FHOE 000D AZEAZE A 23Tt
(Table 1).

tg-/kég_ AT EHRE 3;<]_ ZE/\oﬂ 24)\]7]- Eo]- ]
Z1 3 0.1 Mpa, 121°C9] 57](Wise clave, DAIHAN scientific,
Korea)oll A 204 &<t “Pﬁ/\]ﬁ A= f Folde 284
S WEAA olF ofEo] 2HE F e 37| &
RIETE 31¥Y. o]k 1574]'7—1' Q1™ (molecular imprinting
polymerization)>. &2 A3 AZEAZZE 0.05mM =2
Alg]xisto] S PBS7H “‘fﬁ nlo]go] 48A17F B4 T
To ofFo] F3| RYHES sth

T3k HAHstE SR *J«l WExAS g9sr] ¢
3] 7154 BemE NVPE F7138kaL 7§49 AIBNS]
%L 0.12, 025, 0.5 2 1.0 vi%Z 25t A7) E%l
SHAl EAFARIH e B =S skl SRRtk

I3} TH(Table 2).
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4. SE[A2[TMe] 2R W WEY

FAE Az EAN=ZRE FFYAIERL HEL 1SO
A we} PBSHE §ulE ARSI FAE AZE
A=E PBS 5mLe] F31 vlo]ol] @il X8 7] (Shaker,
CR300, FINE-PCR, Korea)Z ©]&3}o] 50 rpme] &£E2
A&H o7 Fgste] oHEo] WEHESE sllaL, 2t wlol
ol PBS 1 mLE FH3td E3=A(Mega array, SINCO,
Korea)Z ©|-83}0] 254 nmollA 1, 2, 4, 6, 8, 24 2 16847t
Bk FRE A3 WEd oFEe] FEe AA|

Table 1. Glycyrrhizic acid and composition of lens monomer

Contact GA' Composition (%)
Lens (mM) HEMA MAA NVP EGDMA AIBN
Lens 1 1.0
Lens 2 25.0
——FF X X 95.36 1.74 - 2.78 0.12
Lens 3 33.3
Lens 4 50.0

'GA: Glycyrrhizic acid
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Table 2. Composition of single- and multifunctional monomers for natural antibacterial soft lenses

GA' Composition (%)
Code of soft lens

(mM) HEMA MAA NVP EGDMA AIBN
Single-1 95.36 0.12
Single- Single-2 9523 025

functional ——M 50 e 1.74 - 2.78
monomer Single-3 94.98 0.50
Single-4 94.48 1.00
Multi-1 93.23 0.12
Multi- Multi-2 93.23 0.25

functional ————————— 50 _ 1.74 2.13 2.78
monomer Multi-3 93.10 0.50
Multi-4 92.35 1.00

fGA: Glycyrrhizic acid
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Fig. 1. Antibacterial activity of glycyrrhizic acid against

Staphylococcus aureus.
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Fig. 2. Antibacterial activity of glycyrrhizic acidladen contact
lens against Staphylococcus aureus.
A. Number of colonies and reduction ratio of
Staphylococcus aureus
B. Concentration of glycyrrhizic acid released from
polymerized soft lenses
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Fig. 3. Yield of glycyrrhizic acid released from contact lenses
polymerized with different concentrations.
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Fig. 4. Concentration of glycyrrhizic acid released from soft

lenses polymerized with single- or multifunctional
monomer(s).
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Fig. 5. Yield of glycyrrhizic acid released from soft lenses
polymerized with single- or multifunctional monomer(s)
and different ratios of AIBN.

A. Comparison of single- and multifunctional mono-
mers with 0.12% initiator

B. Comparison of single- and multifunctional mono-
mers with 0.25% initiator

C. Comparison of single- and multifunctional mono-
mers with 0.5% initiator

D. Comparison of single- and multifunctional mono-
mers with 1.0% initiator
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