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Abstract: This study is focused on a contact lens for shielding blue light emitted from LED digital devices, preventing
macular degeneration as well as an effective protection of human eyes. For the blue light blocking lens, coumarin was
used as blue light blocking material and polymethylmethacrylate (PMMA) was engaged as a material for contact lens.
As a solvent for PMMA, dichloromethane, chloroform, ethyl acetate, acetone, and toluene were used and tested. Among
the solvents, toluene showed the highest transparency and strength/solidity. For blue light shielding rate, coumarin was
administrated with different concentration to the PMMA film, then light absorbance was measured for each specimen.
In results, coumarin/PMMA films (contact lens) within 325 nm (UV-A) region, all specimens, 1 mM, 2.5 mM, 5 mM,
and 10 mM of coumarin contents PMMA films, showed 99% of blue light shielding rate. In case of 375 nm region, each
specimen showed shielding blue light as 5.69% at 1 mM, 43.34% at 2.5 mM, 56.45% at 5 mM, and 66.25% at 10 mM.
Conclusively, PMMA contact lenses with coumarin contents reduced the intensity of blue light generated by LED digital
devices to the level of natural light.

Keywords: poly-methyl-methacrylate, coumarin, contact lens, blue light, macular degeneration.
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Figure 1. Specimen condition of PMMA film. Experimental group
(n)=5.
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log IyI= &cl : Rambert-Beer’s law €))

hs

I, : Light intensity before passing through the sample
: Light intensity after passing through the sample

: Coefficient of extinction (M™"-cm™)

: Solution concentration (M)

: Optical path length (cm)

_ 0 oM N~

A =-logT : When applied to UV/Vis Spectrophotometer (2)

A : Absorbance
T : Transmittance (%)

CHE - AT

Is%E Coumaring &®& 2E AMH NF.
Coumaring &3+ PMMA ZE& YR 57} w9 o
™M 3 oF2e] e B S 3 vl WOl coumarin
o] Frol whet AJESHA Q% e Zlo® AR
=, 7] B2 AR AAF o] A e g
B3] &) 0, 1, 2.5, 5, 10 mM 5%9] coumarinS $H-3F
PMMA Z&5 AFtete] 355 74kt

SHEH 24 439 FAH A2 Student’s t-tests
A& ated A= 95%(A1 2] 77E, p<0.05)2] 79 SATHE S
2 fFY3 Aoz B4 2™ OriginPro 8(OriginLab
Corporation, USAYS ©|-&3t 1ejZ5 2/dsitt.

oL
oX,

lo
o2

9‘_:
)
gQ

I
A

FER I |

b=
!

71801 E/0 HE PMMA ZE HElSHE Zdat §7)
grjo] FFol w2l PMMAS £3llA1A Alzst PE<] e
8H4 A5 Figure 20 JERASITE. 2 A, S<2to= el
A5 W toluenes AHE-F PMMA 52| FH %7} 7Hd
=AU L o]8] fr1eneM = 7127 A, FHE S
worom sk dxto] WA vtk Aol WAk ¢
1 toluenes A&k 7] 8vjoll A AYsl= 7|20 gt
AoR HAEe] 7| A Fito] FH FAED diHoR
globA SH5T Ador I dko s AEETE Toluene
ARG A 71327} BAEIA] ek olfiEE PMMASE WS uf

2 718l niste] ¥-&ert mEn AlgA] vk
a17] wjZo|th.

718042 EF00 WE PMMA 289 M &3 Z3l
F718m 2] E5F0 wel PMMA 289 B4 37 viw 4
3= Figure 30l JERNSITE = A3, #7180 F5Fel u}
2} yield strength(breaking point)S =73} 2™ ASTM
D882-182] 71720 W} MPa T2 ALtsladtt. Bl el
A= toluene 2 &3S W, 7P w2 e E BSTh
Azl AFAE Eol7] fal uke AFS 53] FasAnt.
dry/wet “Jefol] we} FASHA frod W7 KIS A f
o]# zpole HolA] %o, o]F T3] PMMAS &4
< ERI1E 4= Rt} )= toluene-PMMA ZE5°] PMMAS]

Figure 2. Morphology of prepared PMMA film with various solvents: (a) chloroform; (b) dichloromethane; (c) ethyl acetate; (d) acetone; (e)

toluene, size 147, thickness: 0.17+0.011 mm.
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Figure 3. Comparison of breaking point of PMMA film specimens
under dry/wet condition with various organic solvent (n=5, p>0.05).
Width: 0.5+£0.01 cm, Length measurement: 5+0.02 cm.
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Figure 5. Light absorbance distribution of prepared specimens con-
sidering biological stability (n=5).
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Figure 6. Light absorbance distribution of prepared specimens with
respect to biological stability (n=5, ***p<0.001, **p<0.01).
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Figure 4. Morphology of PMMA film specimens incorporated with coumarin: (a) 0 mM; (b) 1 mM; (c) 2.5 mM; (d) 5 mM; (e) 10 mM, size:

147, thickness: 0.18+0.016 mm.
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Table 1. Blue Light Absorption Rate by Lambert-Beer's Law
of Low Concentration Coumarin Content Specimens

AT

Table 2. Blue Light Absorption Rate by Lambert-Beer's Law
of High Concentration Coumarin Content Specimens

(Unit : %) (Unit : %)
Molarity Molarity
(M) (mM)
Wavelengh Control 30 70 100 150 Wavelengh Control 1 2.5 5 10
(nm) (nm)
475 475
(450-500) 6.76 6.67 6.92 7.13 7.06 (450-500) 6.97 6.77 7.28 7.35 7.40
425 425
(400-450) 6.81 6.78 7.22 6.72 6.94 (400-450) 6.81 6.69 7.27 7.50 7.51
375 375
(350-400) 6.76 6.53 6.85 8.47 12.24 (350-400) 6.76 5.69 4334 5645 66.25
325 6.66 936 3495 5936 84.60 325 6.66  99.83 99.93 9997 99.98
(300-350) : ' : : : (300-350) " : : : '
2 a0 — e H 1 2 FEE e B8 5 s £2E §8e
o mM coumarin 325, 375, 425, 475 nm 217} W 477002 U] AR 2
NN —28mllsaumarn 5 325 om AN 0% oS FHEE nelon
30 |I 10mM coumarin coumarin®] & F%7} 2.5 mM ©]A 4% 375 nm G0
g 25 V1 A 40% I*bl F8o] ekt A s 7k o
g s \| 3 Totest ¥]a Ao M= 325 nms} 375 nme] RE 2 &
3 N oA 99% ool FewE fol Holg ulom 1 ol
a '3 W 9] FZolAE 10 mME AlQstal f-o]% Zpol& Holx| &
10 -|.||. : Skt ol "Eo)| HFF coumarin®] 375 nm ©]3}e] HA
"-l*:'. e %51\‘3 3 71 0]9) FYPe TR LEThE A ¢
i & Qom dze) B fAIsk HugT Al A
0. r B 0 00 Heol EAo| "‘?‘QE]‘I] ] ATt 5 I_ = AR sG-S At
e G FEOR FOIE 40% o] FEo] ek A
Figure 7. Light absorption distribution of prepared specimens (high < 5 ok
concentration of coumarin contents), n=5.
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Figure 8. Results of statistical significance comparison of coumarin
absorbance in the blue light region (n=5, ***p<0.001, **p<0.01,
*p<0.05).
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