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ABSTRACT

Naturally derived compounds(¢rans-chalcone, quercetin, tannic acid), extracts
of native plants in Jeju region(Oenothera laciniate Hill, Phyllanthus urinaria
L), and extracts of marine plants(Saragassum muticum (Yendo) Fensholt)
were examined for the antibacterial activities against the contact lens related
strains (Staphylococcus — aureus,  Pseudomonas — aeruginosa, Serratia
marecescens, Enterobacter cloacae) and were evaluated for the possibility of
its usage as a disinfectant in the contact lens multipurpose solution.

Trans—chalcone, quercetin, and tannic acid were found to have antimicrobial
activity against gram-positive bacteria, S. aureus, and trans-chalcone showed
the best inhibitory activity amongst the three (MIC 625 ug/mL, ICq 152 n
g/mL, ICs 89 ng/mL). The EtOH extract of Phyllanthus urinaria L. was
found to have antimicrobial activity against both gram-—positive(S. aureus) and
gram-negative(Z. cloacae) bacteria. MIC was found to be less active against
S. aureus, unable to find MIC under 1,000 ng/mL but its antimicrobial activity
for E. colacae was found to be high (MIC 3.9 ng/mL, ICy 2.4 ng/mL, IC5 2.0
ng/mL >). The hot water extract of Phyllanthus urinaria L. showed the
antimicrobial activity against S. marecescens and the hot water extract of
Saragassum muticum showed the antimicrobial activity against P. aeruginosa.

Trans-chalcone, which has the highest antimicrobial activity against .S
aureus with its high rate of revelation among contact lens-inducing strains,
was added to the F brand product, which has shown to be weak in activity,
to observe the changes in the sterilizing power against S aureus and the
changes in physical properties of contact lens(water content, refractive index,
luminous transmittance, tensile strength, contact angle). As the result, the
bactericidal activity against S. aureus, which is a contact lens related strain,
was shown to be improved and the changes in the physical properties of
contact lens was also found to be the same or smaller when compared with

the control group. Therefore, these results suggest that t¢rans—chalcone may

_ix_



be applicable as a disinfectant for multipurpose solutions.

In addition, opticians educating contact lens care were examined for the
importance of contact lens duties and the awareness of the need for
education; and the female university students who are the main consumers of
contact lenses were investigated for the contact lens wear management status
and eye health awareness. It has been found that for opticians, female
opticians than male opticians, ophthalmic clinic employees than optical shop
employees, CEO or managers than average employees are more aware of the
importance of the job duties and educational needs. The results of the survey
on the contact lens wearing status and eye health perception of female
college students showed that contact wearing rate was increased due to
cosmetic reasons and the feeling of dryness was the highest inconvenience
caused by wearing contact lenses. The most common cause of discomfort
was the contact lenses wear for a long period of time. The awareness of eye
health knowledge related to wearing contact lenses was found relatively
high(69.8%), but the awareness of contact lens related items such as contact
lens storage containers was found to be the lowest. Among the opticians who
are responsible for the management and education of contact lenses, the
awareness of the importance of contact lens duties and educational needs
were exhibited differently according to gender, working occupation, position in
the industry, and the tasks they are mainly responsible for. In addition, users
seemed to have a general understanding of the eye health knowledge related
to contact lenses that can reduce the inconvenience caused by wearing
contact lenses, but the understanding of contact lens accessories management
was found to be low. The satisfaction rate with wearing contact lenses 1is
thought to be improved with an appropriate education and continuous
follow—up care are provided with a consideration for the wearer’'s working
environment, daily wear time, the main discomfort the wearer complains of,

the types and materials of lens used.
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Table 1. Classification of soft contact lens by FDA

Group Characteristic

Kinds of contact lenses

(water content/oxygen permeability)

Low water content

Nonionic polymer

Crofilcon(38%/12), Isofilcon(36%/5)
Polymacon(38%/9), Mafilcon(33%/4)
Tefilcon(38%,/8), Tetrafilcon A(43%/9)
Hefilcon A&B(45%,/12)

Hight water content

Nonionic polymer

Lidofilcon B(79%/38)
Surfilcon(74%/35)

Low water content

Ionic polymer

Bufilcon A(45%/12), Ocufilcon(44%/16)
Phemfilcon A(38%/8), Deltafilcon A(43%/10)
Droxyfilcon A(47%,/7)

High water content

Tonic polymer

Bufilcon A(55%/16), Etafilcon A(58%/28)
Methafilcon(55%/18), Perfilcon(71%/34)
Ocufilcon A(53%/16), Ocufilcon C(55%/16)

o A,

gt
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Table 2. Complications of contact lens

Complications

Part of origin

Superior limbic keratoconjunctivitis

Giant papillary conjunctivitis

Conjunctiva

Mechanical abrasion

Corneal neovascularization

Corneal epithelium

Superficial immunologic reaction

Infectious keratitis

Sterile infiltration

Corneal stroma

Corneal warpage

Increase of endotheliocyte’s Polymegathism
Increase of endotheliocyte’s pleomorphism

Corneal endothelium
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Table 3. FDA recommended microorganisms®”

Strain name Culture collection number Culture condition
A Jlus fitmigat Malt Extract Agar,
spergillus ‘ migatus ATCCO197 alt Ex r?c gar
(fungi) 24°C
Candida albicans .
) ATCC10231 YM Broth, 25T
(fungi)
Pseudomonas aeruginosa Muller Hinton
) ATCC27853 .
(bacteria) Broth, 37T
Serratia marcescens . .
) ATCC27117 Nutrient Agar, 26T
(bacteria)
Staphylococcus aurieus ) .
ATCC25923 Nutrient Agar, 37T

(bacteria)
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gt Ak (tannic acid) @ FetR ol =AQ A Z M " (quercetin hydrate), E 32~
Z+ Z(trans—chalcone)S Sigma-Aldrichol A T+ 3tk EfUA LS 33 F7F5000,
AZAE S DMSOol|, EdHA~-ZFZ-2 EtOH| =5 10 mg/mL 5 %7} S %=5 7}
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tannic acid
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Az 2 B3 A5 20 kgoll TF5(distilled water) 10 LE Y3 70C A
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1.2. 2% o5 vk

o&%‘

A ATt Staphylococcus aureus (ATCC 25923), =5-&1 Pseudomonas
aeruginosa (ATCC 27853), M etElolxt Serratia marecescens (ATCC 27117),
ANEZ¥El T Enterobacter cloacae (ATCC 13047) &H=ru| A 2 1 = Al E] (Korean

Culture Center of Microorganisms) =58 & FRkol A1-8-31%

S. aureus®} P. aeruginosa®l 73 el x| E TSB (trypic soy broth)= 3}
o 37ColA wigstRem, a7 & 1A A wdstA. S marecescens=

" el 2] & NB (Nutrient broth)Z 3}e] 26 Col A vl st ow, sFFo g HA
A vt dt. 283l E. cloacae= 4wl A E NB (Nutrient broth)Z 3}
30CoA st o, st st AR Ald 6] s

49

1.3. &g

o

1) Paper disc diffusion method

AEE

oot

Fre S =438 7] 98 paper disc diffusion method® A5 A&
S el S aureus (ATCC 25923), P. aeruginosa (ATCC 27853)%= 05
McFarland standard®2 ¥ %& %#3dle] 15 x 10° CFU/mLE @3+ &, 0.8%
agars X 3Fst= TSB uiA] o % SF=w %] (1.5% agar) 9]0 E=t} wiA| 7} =
oM A8 g9 ¥35= 27 8 mm paper discES 2@ il 37CoA 2447

MFE F PHE 99 0% AABe 27E S99
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S. marecescens (ATCC 27117)+= 0.5 McFarland standardZ =& Z4 3}
15 x 10° CFU/mL® %%+ ¥, 0.8% agars 338k NB wjx|o] Yo stz
A (15% agar) 9o =tk wix7F ZFod A8 g8 FIeE= AA
paper discE =@ 3l 26TColA 24417 w3t & dAE A W8 Axgeo =
715 S48k

Enterobacter cloacac(ATCC 13047)+= 0.5 McFarland standard= ®%=& =4
ate] 1.5x10° CFU/mL& 2383 %, 0.8% agarg X338 NB v
=ul X (15% agar) Yol EEth w7 2o Alg 95 ¥ 2 8
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o] A7E 433t
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#H 2 A &5 =(MIC, minimum inhibitory concentration):= "] &9 A4 #S ot
= AR 249 HAsER HAEe] gigk MIC o] H&5F5 AREdS 1
A= ek o]l = & 4 Atk MIC 538 WS A0 #] 3] Ay
(broth dilution method)& A}-&3}3i T},

96 well plateo] two fold dilutionF o2 AR89 FEZE F ¥ HF3HA A=

il

EskE wAE 100 L Hole &, @ dEde ¥%& 5 x 100 CFU/mL7t
HE2 zdslo] 100 uL® ¥wolsv}t. S aureus, P. aeruginosa= 37Ceol|A, S
marecescens~= 26CA X, E. cloacae™= 30TColA 24A7F wjoksldet. o] 3
microplate readerE AF&3l¢] 600 nmolA 3 =5 FA5I ICed ICsHS 274

&ttt

3) HArAtdE s

MIC #to] Woba siA o1 FmelA] o] BE AbEE Blo] opn], Alge] o
Fow o JHL Waste] ol ATA ol F& AAY BA 5 Y] GE

of & AAbE E =(MBC, minimum bactericidal concentration)™ MIC%ko] el
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PBS (phosphate buffered saline) 1 mLE Yo & 4%
2] 0.1 mLE #H3te] st=8A(1.5% agar)oll =Eslar st Ao] = 59

vz stell A 244135 v skl th vikE A A o] F FH(colony) T

AT AIEE GAo] gk MPS &Hd H7tete] Fv|e A9 &
o o
ZAYEr At sk Th AdE T 8 HE frans-—chalcone 26.2 mgES 200 ule] ol §F--o
SAIZl F olE FAFY thEd &9 229805 mLol 7Fste] HF Alg w27t
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lens; Johnson & Johnson AF) -3.00 Dptr.& A}&3FtH(Table 4).

Table 4. General parameter of contact lens tested

Parameter Value
Water content (%) 58
Oxygen transmissibility (Dk/t) 33
Refractive index 1.40

Monomers HEMA™+ MA™

FDA group \Y

Packing buffer system Borate

UV-A Over 70%

Ultraviolet ray block
raviolet ray bloc UV-B Over 95%

* . hydroxyethyl methacrylate

#%. methacrylic acid
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CH; CHj

|
HyC=C + HC=C
Cll—OCHzCHQOH C—OH
11
CH C
HEMA MA
GHa / CHs
H2C-C— FHoC-C
COGCH>;CH;0H COCH n

poly HEMA + MA

g AL A %317 5 (The International Organization for Stand-
ardization; ISO)oA A3 ISO 18369-425 uwpel A A|stgch Ada A&
(METLER TOLEDO, ML204T)S AF&3te] Azl -39 ZPEN=9 FAE

O

g8 S48 st A& (METLER TOLEDO, ML204T)& o] &3k &)

zo] TFe SAson, dz=xve] AdsE A8l flste]l Kim tech
science wipers (yuhan kimberly, Korea)S AF&3Fth. =3t8 dl=o] FA=A
& Wet blotting®H oz =9 W AdsFE A7 §F FHEN=S FAS

ZAsAtt Tdo AdEr AAE WRE wlolaRgolH o B HrgA

d

2) ISO 18369-4:2006, Ophthalmic optics - Contact lenses - Part 4: Physicochemical properties
of contact lens materials, 4.6. Water content, 4.6.2 Gravimetric determination of water
content/absorption by loss on drying using an oven.
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(CaS0p &t 37 Y 500~650 W & ok 10 27 &5 A7l 3 7Axy ZHeEd=

o] FAE FAAE avFoR Faw A=y FAe gy W= FAE
H
™

&2 ey dth(Figure 1). AZE R gz 93 Ad7 g0 g9 =
FYEM== 5 747 534 FAsko] o] Hd s VIFsAT

Mpydrated (1)

mhydrated : '{Fﬁ} }g—ﬂ]‘g] %—E_‘,JEEH_]ZQ] é]‘%k(g)

my, A% F ZYed

(a) hydrated contact lens (b) dry contact lens

Figure 1. Measurement of water content.

_29_



2) FFIE

(1) =74 7= % 717

BEINE AL FA| X317 7 (The International Organization for Stand-
ardization; ISO)oll Al 743k ISO 18369-33< utel AA|sAch A Fa4E& SA
7I(TOPCON, TM2)& Ab&3te] 7FAI#d 99 (400~770 nm), UV-A (320~400
nm), UV-B (290~320 nm)el whal A ARPRAAIZE F, 6413F 5, 12413 5,

24717 ) S EA = FFEIE WslE 543 tH(Figure 2).

A FFREY] AP F2oA] AAstgon, sty ZUEd=9 o8&
golsl & ¥ E7]E filter paper (Whatman #1)% A A3SE Jejol A =743

Atk AFFHE(D)S 7HAEE 949 (400~770 nm)F UV-A (320~400 nm),
UV-B (200~320 nm)& ZAst5om, 54 53 MolA MAAe 3E F&
o g A@om A4 Aiste WMEgn et

=

)= A [oa @)

Figure 2. Measuring instrument of luminous transmittance.

3) ISO 18369-3, Ophthalmic optics-Contact lenses-Part 3: Measurement methods, 4.6.
Determination of spectral and luminous transmittance.
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3) =4 E

(1 =4 71+ 2 7171

=45 A 3% 53} 7] 7 (The International Organization for Standardiza
~tion; ISO)ell A 17 gk 18369-405 uwtet A AT ofbdl = HE A (ATOGO,
NAR-1T SOLID)E °]&3te] =74 AIRFHAARE F, 6A1F F, 124 3F 5, 244]

)l FHER=S =45 WsE A5t (Figure 3).

=7

A\
rlo

obu] FHA L FA T HE du FTHENZRE ZHY IXA2 F =
FHE 23 SAsATh 1 F HAA S EolvtEdA 24 Aol AAMe]
e w74

_ n'sin] o]

. 3
sin [90°] 3

n - the refractive index of the test specimen.
n' : the refractive index of the reference surface.
a : the critical angle of incidence upon the reference surface.

4) ISO 18369-4:2006, Ophthalmic optics - Contact lenses - Part 4: Physicochemical properties
of contact lens materials, 4.5. Refractive index

5) ISO 18369-4:2006, Ophthalmic optics - Contact lenses - Part 4: Physicochemical properties
of contact lens materials, 4.5. Refractive index, 4.5.4.1.2 Hydrogel materials, NOTE
Contact lenses of approximately constant thickness provide the most convenient form of
test specimen for hydrogel materials.
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ammon

Figure 3. Abbe refractometer.

Lt

4) A7
1) 4 71+ % 717
A EE ISO FA] flojA m= A8 Ad &3] (American Society for
testing materials; ASTM)2] ASTM D 790M6) AW S Al&3lo] =H3A
t}. A% A= ~"d=(AIKOH Engineering, MODEL-2257)Z o]-& 3}

L 6AITE T 1247 F 447 ) ZEEd=e] AggE W)

&
A\
o2l
>,

gL
o
it
iR
o
ol
2
O

6) ASTM D 790M: En-standard test methods for flexural properties of unreinforced and
reinforced plastics and electrical insulating materials.(METRIC)

_32_



Figure 4. Vertical Motorized Test Stand.

5 HEF7t
1 &3 7+ 2 717
HEZL ISO Aol 1ol After soaking in conditioning solution "<
Abgete] d=e] Fys vE F SALAH JE57 Z7<47](S.E.O Co. Ltd,
E AFgstel S AAAIZE 3 6A1%F F 124

Phoenix-Mini model, Korea)

F 3 24X S EeE R =9 3= =43 tHFigure 5).

‘:"
57

CCD Camera: 90fr/sec) of

Figure 5. Contact angle analyzer(Digital

Phoenix—Mini.
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Camera

(a) dropping volume

(b) Fixed lens on measurement stage

(c) Lens measuring contact angle

Figure 6. Measurement of contact angle.
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v. 23 2 u3%

1 2EEaz gL Aia 48
11 FEay A

1) Paper Disc Diffusion

A& 5 45(S. aureus, P. aeruginosa, S. marecescens, E. cloacae)? 3%
@ & A (tannic acid, quercetin, frans—chalcone) 2 A FAFA 2 & (of 7] & 2ko] 32
A¢TE)H HxF(AGTEEAN Y A5 2 e FEEEY LS
o g Al Tkoll uwhep wj ek

ow Z
isc FHoll AFAA o] HFHW o] = Ao AATA.

paper disc diffusion method®. 2 =743}

1_4

o

< d
g A A S aureusel W3 tannic acid, quercetin, frans-chalcone
GAdEAAA AEAAZS AR F A} AF A E FAAE AF-TE
EtOH FE&%Wo] ASAX S #2d = AAh.(Table 5, Figure 7).
P. aeruginosa®l WidjA it @A HF Ay, dd=d 2 AFALY
73

FIOH F#Z2o14%: 240 Ueub agAw sz
3}

ES
arecescensel WalA It A A A
EtOH FE=olA+= &40 UeuA KRAT o759 dF FEEAdA4=
A5AA 9 mm)S #2E 5 UAATH(Table 7, Figure 9).

E. cloacae®] thaiA & APAA} ARE dFES G4 Holx 4%t
< EtOH FE&22 16 mm ASAAFTS B
st = A H(Table 8, Figure 10).

3

o
i

jules

o

fo Q)

o Ho
-

rlu

_36_



Table 5. Antimicrobial activity against S. aureus

Clear zone(mm)

Sample
S. aureus
Tannic acid 10
Quercetin 13
trans-Chalcone 10
Sargassum muticum (Yendo) Fensholt EtOH Extract N.D
Hot Water Extract N.D
Oenothera laciniata Hill EtOH Extract N.D
Hot Water Extract N.D
Phyllanthus urinaria L. EtOH Extract 14
Hot Water Extract N.D

Diamater of paper disc: 8 mm

Treated sample concentration: 200 ug/disc
Positive control: erythromycin(l mg/mL, 20uL)
Negative control: EtOH, DMSO, DW

N.D : Not detected

Table 6. Antimicrobial activity against P. aeruginosa

Sample

Clear zone(mm)

P. aeruginosa

Tannic acid
Quercetin

trans—Chalcone
Sargassum muticum (Yendo) Fensholt

Oenothera laciniata Hill

Phyllanthus urinaria L.

EtOH Extract
Hot Water Extract
EtOH Extract
Hot Water Extract
EtOH Extract
Hot Water Extract

N.D
N.D
N.D
N.D
almost 8
N.D
N.D
N.D
N.D

*

*

Diamater of paper disc: 8 mm

Treated sample concentration: 200 pg/disc
Positive control: erythromycin(l mg/mL, 20 ulL)
Negative control: EtOH, DMSO, DW

N.D: Not detected
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Table 7. Antimicrobial activity against S. marecescens

Sample

Clear zone(mm)

S marecescens

Tannic acid

Quercetin

trans-Chalcone

Sargassum muticum (Yendo) Fensholt

Oenothera laciniata Hill

Phyllanthus urinaria L.

EtOH Extract
Hot Water Extract
EtOH Extract
Hot Water Extract
EtOH Extract
Hot Water Extract

N.D
N.D
N.D
N.D
N.D
N.D
N.D
N.D
9

* Diamater of paper disc: 8 mm

*

Treated sample concentration: 200 ug/disc

* Positive control: erythromycin(l mg/mL, 20 uL)
* Negative control: EtOH, DMSO, DW

N.D: Not detected

%

Table 8. Antimicrobial activity against E. cloacae

Clear zone(mm)

Sample
FE. cloacae
Tannic acid N.D
Quercetin N.D
trans—Chalcone N.D
Sargassum muticum (Yendo) Fensholt EtOH Extract N.D
Hot Water Extract N.D
Oenothera laciniata Hill EtOH Extract N.D
Hot Water Extract N.D
Phyllanthus urinaria L. EtOH Extract 15
Hot Water Extract N.D

* Diamater of paper disc: 8 mm

*

Treated sample concentration: 200 ug/disc

* Positive control: erythromycin(l mg/mL, 20 uL)
* Negative control: EtOH, DMSO, DW

N.D: Not detected

*
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Single Compounds Hot Water Extracts EtOH Extracts

Figure 7. The results of paper disc diffusion against S. aureus.

Quemlm

Single Compounds Hot Water Extracts EtOH Extracts

Figure 8. The results of paper disc diffusion against P. aeruginosa.

Single Compounds Hot Water Extracts EtOH Extracts

Figure 9. The results of paper disc diffusion against S. marecescens.
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Quercetin O. laciniata

e
. @ ® il °
Trans-Chalcone Tannic acid P urinaria .
S. muticum
Single Compounds Hot Water Extracts EtOH Extracts

Figure 10. The results of paper disc diffusion against E. cloacae.

2) HAAxANEE

Paper disc diffusion<

rlo
>
o
2
>
>,
oo
ro
(2
e,
d
i)
i)
2
N
N
)
1>
i
bt
2
i/
S
Lo

S aureus®l| i EAlo] Q= Aow yehd @A E A (quercetin, trans-
chalcone, tannic acid)®} o $-+<& EtOH FZE=o| thd MICE A Ag 4ol A
= quercetin, trans-chalcone, tannic acid @9 EZE52 MIC kol Z+zt 250.0,
625, 1250 pg/mLoe= SAFUT ol ddEZ ICpa ZH2F 149.0, 15.2,
107.8 pg/mL o] om IC5< Z+Z; 31.0, 89, 332 ng/mL St} o3t @¢d =
Aol &4 A¥ trans-chalcone®] S. aureusel W3] £ AslsHEE 21 J&
o 2dolg B 5 vk a2y o975 EtOH FE=¢ did MIC 23
1,000 pg/mL s% ot A= A4S A& 5 gldrth(Table 9, Figure 11~13)

P. aeruginosa®| &it&rdo]l & Ao=Z Yeld HAAEFESRAN deEFEE
o digk MICE HAIs Ao A= MICE #S F $lATh

S. marecescensdll Fd&Adol = Aow YEd ogTE dF FE=9

MIC+= 585.8 ng/mL, ICy 4466 ng/mL, IC5& 93.6 ng/mlLeo]tH(Table 10,

ot
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Figure 14).
E. cloacaed &Aool = Aoz Yeld o9& EtOH &

&=
2 39 pg/mL, ICe2 24 pg/mL, IC5= 2.0 ng/mL ©|3t2] o= yEeY o

rr

T% EtOH FEEL E. cloacaed =& AdlsdHE zta 9+ a4 Edolgt

,(_'34
& 4= 9tH(Table 11, Figure 15).

Table 9. Minimum inhibitory concentration (MIC) of quercetin, trans-chalcone

and tannic acid against S. aureus

S. aureus
Sample
MIC (ug/mL) ICqy (ng/mlL) ICsy (ng/mL)
Quercetin 250.0 149.0 31.0
trans—Chalcone 62.5 15.2 89
Tannic acid 125.0 107.8 33.2

Table 10. Minimum inhibitory concentration (MIC) of hot water extract from

P. urinaria against S. marecescens

S. marecescens

Sample
MIC (ug/mL) ICq (ng/mL) ICsy (ng/mlL)

P. urinaria
(hot water extract) 585.8 446.6 93.6

Table 11. Minimum inhibitory concentration (MIC) of EtOH extract from Z.

urinaria against E. cloacae

E. cloacae
Sample
MIC (ug/mL) ICy (ng/mL) ICsy (ng/mL)
P. urinaria 39 2.4 20 >

(EtOH extract)
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100

B0 o

40 A

20 +

Inhibition activity (%)

2.0 3.9 7.8 156 313 625 1250 250.0

Sample concentration (pg/mL)

Figure 11. Minimum inhibitory concentration (MIC) of quercetin against S.

aureus.
100
X80
2
S
£ 60 -
¢y
.6 40
3
£ 20 4
= H B
)
2.0 3.9 7.8 15.8 31.3

Sample concentration (pg/mL)
Figure 12. Minimum inhibitory concentration (MIC) of trans—chalcone

against S. aureus.
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100

80

60 -

40

Inhibition activity (%)

2.0 3.9 7.8 156 313 625 1250

Sample concentration (pg/mL)

Figure 13. Minimum inhibitory concentration (MIC) of tannic acid against

S. aureus.

100

80 -

60 -

40

20 - I I
N I I I

125 250 50.0 100.0 200.0 400.0 500.0

Inhibition activity (%)

Sample concentraion (ug/mL)
Figure 14. Minimum inhibitory concentration (MIC) of hot water extract

from P. urinaria against S. marecescens.
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e [=7]
(] ]

Inhibition activity (%)
]
]

39 7.8 56 313 625 1250 2500

Sample concentration (ug/mL)

Figure 15. Minimum inhibitory concentration (MIC) of EtOH extract from

P. urinaria against E. cloacae.

3 A td s

e AR FRellA MIC ghel ubstrhal A
ATkl AzrE = glow, o= AR
H HA F A7) wWiEel MIC gto]l YEd 5% oo Als wYddES 1.5%
agar st=rlA|o] &l colonyE & =l

S. aureus®| W3 quercetin, frans-chalcone, tannic acid T =2 gt A
A8 % % (minimum bacterial concentration; MBC) ZAFE 2 Al 8} tH(Table 12).
quercetine oA BE MIC Fko]l 2500 pg/mL o=z 250.0 pug/mL(A),
500.0 pg/mL(B), 1,000.0 pg/mL(C)oll W3] colony PFAdS HH&A3FH o 2443
g F BE sEA o] el MBC #%2 1,000.0 ng/mL °1%-& YERSA
tHFigure 16). trans-chalcone2 MIC #ko] 625 pg/mLE ©]& 7|+ % MBCE
AAet A3 625 pg/mL(A), 125.0 ng/mL(B), 250.0 ng/mL(C), 500.0 ng/mL(D),
1,0000 ng/mL(E)o® F%7} S7tdF5 A ¥ colony +7F AAvh. Lo
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1,000.0 ng/mL &Xo]A colony’} #&E = AR Hol S aureus o W3l A 3f
T8 oy AFEA TR = E3F tHFigure 17). tannic acidi= MIC Zko] 125.0
pg/mLolglor ol 7|22 1250 pg/mL(A), 250.0 png/mL(B), 500.0 pg/mL
(C)o.2 ZF4= colony?] 5 ##3 A3 ww7F o445 colony? 71 =
o=}t S 1,0000 pg/mL(D) EEo|A colony’t #HE= A ¢Fskh(Figure
18(a)). MBCE ldg % F3ts &4t S aureusdl AHPEEZHR7E U= %
HAE AAM 3] Lol X 1A} tannic acid®] FEE 500.0~1,000.0 pg/mL A}o] oA
T H19E 1000 pg/mL Ao =2 FEA Al 3 H MBCE HAIg 2y
600.0 ng/mLolAHE colony’} #2= A &k th(Figure 18(b); E: 500.0 pg/mlL,
F: 600.0 pg/mL, G: 700.0 pg/mL, H: 800.0 pg/mL, I: 900.0 png/mL, J: 1,000 pg/mL).
wabA S, aureuso ™3 tannic acide] MBC -2 600.0 pg/mLe]t}.
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Table 12. Minimum bactericidal concentration (MBC) of quercetin,

trans-Chalcone and Tannic acid against S. aureus

S. aureus
Sample
MBC (pg/mL)
Quercetin 1,000.0<
trans—Chalcone 1,000.0<
Tannic acid 600.0

Figure 16. Minimum bactericidal concentration (MBC) of quercetin against

S. aureus.

Figure 17. Minimum bactericidal concentration (MBC) of trans-chalcone

against S. aureus.
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(a) (b)

Figure 18. Minimum bactericidal concentration (MBC) of tannic acid

against S. aureus.

S. marecescens ° W3 ALFE AFEFEEL] MICE Hetoz w3z A
400 pg/mL=zZ R}t MBC+ 100.0 pg/mL(A), 200.0 pg/mL(B), 400.0 pg/mL
(C), 800.0 pg/mL(D) % WYNA st 100.0 pg/mL, 200.0 pg/mL,

Aol AAE R k= Ao R HWol S marecescens © 3 A ¢TE ¢ FEE
o] MBC 7k 400.0 pg/mL ©]% 800.0 pg/mL ©]st7F 2 ZAHo|th(Table 13,
Figure 19).

Table 13. Minimum bactericidal concentration (MBC) of hot water extract

from P. urinaria against S. marecescens

S. marecescens
Sample

MBC (ng/mlL)

P. urinaria

400.0< , >800.0
(hot water extract)
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Figure 19. Minimum bactericidal concentration (MBC) of  hot water

extract from P. urinaria against S. marecescens.

E. cloacaed W3t o9& EtOH FE&2 MBCE =4 A MIC #el 39

pg/mlLeolle =2 39 ng/mL(A), 7.8 ug/mL(B), 156 ng/mL(C), 31.3 pg/mL(D),
62.5 ug/mL(E), 125.0 pg/mL(F), 250.0 ug/mL(G), 500.0 pg/mL(H), 1,000.0 pg/mL
(Dol thal colony EAS @3+ Azt 1,000.0 pg/mLolA %= colony”’} 3#2E o]

E. cloacaes AEA71A] Z3k Ao Hol o9& EtOH F+5E MBC #2

1,000.0 pg/mL ©o]/¢o]tH(Table 14, Figure 20).

Table 14. Minimum bactericidal concentration (MBC) of hot water extract

from P. urinaria against S. marecescens

E. cloacae
Sample
MBC (ug/mL)
P. urinaria 1,000.0<

(EtOH extract)
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Figure 20. Minimum bactericidal concentration (MBC) of EtOH extract P.

urinaria against E. cloacae.
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12, ZUEUA= fR A gHe] g Hlul
ZHEN= A& #A e dFQ S aweus, P. aeruginosa, S

marecescens, E. cloacae®] ™3] A7 FAHES 717 ABE FZHEAZR pEAHE
o (multipurpose solution, MPS)ell A -&3}7] 9Jste] 7|24 o=z A =
A FFQl -9 67 A=A thEA g Ao s dFEe] g AdES H

A5t Ao 243t ZElEA = JEF Lo A LS 3= A

K
rit

o
A

o= P F8 A4

I @73 A AIZE Table 15914 53kt

Table 15. Compositions of MPSs studied

o ) Concentration Minimal
Brand Antimicrobial agent ) Manufacture
(%) treatment time
A PHMB* = 4 h Domestic
B PHMB* 0.00015 4 h Foreign
C PHMB" = 4 h Domestic
D PHMB"* 0.00004 ~0.00050 4 h Foreign
POLYQUAD™** 0.001 ,
P~ 6 h Foreign
ALDOX 0.0005
F PHMB" 0.0001 6 h Domestic
* 1 polyhexamethylene biguanide

#% . not be provided with information from company

s 1 Polyquaternium-1

skl myristamidopropyl dimethylamine

2 ofa Thol=ehele]l AR e S wEk Aol AFEE MPSE 4

Tl g s 54

A o5 P aeruginosadl

AN
ot

A3 S aureusd] WA= E (D (B ( C=F <
gl ECACDCCCBCF +£22, S

marecescens®| M= A B CCCECDCCF 2%, E cloacae= C { B
(ECACF (D £2.2 colony 7} 57184 th(Figure 21~24).
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Figure 21. Antimicrobial activities of MPSs against S. aureus.

Figure 22. Antimicrobial activities of MPSs against P. aeruginosa.

_51_



Figure 23. Antimicrobial activities of MPSs against S. marecescens.

Figure 24. Antimicrobial activities of MPSs against E. cloacae.
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MPS Zte HAF A, Aol AHES MPSE SOl 47bA] w5 Kol At
Hol ofgt oz FALE FAL] MPSE AAste] dadgdo] &= ARE M7t
sto] MPS9O| A28 A ZAo A8 7} | el Akt ekqiy 244
o] °Fgk MPSoll 713k A 5o Ay HAbs AFo|oftdA e ZHEM= 7}
|=ekdle] At AAb 5 AHHE S&oto] AAs

AA, Zeledl =9} Adste] ehA3S {F¥A I = T 5 gram-positiveo|H

Al NETY =2 S aureus o HE Aol de Al F MIC gke] 7t
v+ frans-chalcone (626 pg/mL)S #7lste] Tl FHFAS FAES
t}. MIC #HAFoll A =33 frans—chalcone?] ICyol allF 3= 152 pg/mLE 100%
2 3t 75% (114 pg/mL), 50% (7.6 pg/mL), 10% (1.5 pg/mL) FE= FAFS]
MPS 9ol H7tste] gt dAd S gelskal

trans—chalcones Z37}st MPS &89 %= S aureus o gt &4 A
AL A= Figure 259F 2t 10%$F 50% FZdA & tixdHo 2388 o]
o] #Agko} 75% (11.4 pg/mlL)

ol
1-['1
r:1~1

o S8t colony FE A F U=
FLEHEEE colonyE Feld 5

EA), gram—negativeo]| WAl FH ZEEA= BYE FFE ANEFA FAI E
cloacae °| @w&de] A& oJ§F<& EtOH FEES FALY MPSel #H7tshe
s IS 2AEIATE MIC #HAMA SA- S J9+<5 EtOH F&&
(MIC : 39 pg/mL)e] ICyol alD3st= 24 pg/mLE 100%= 34, 75% (1.8
ug/mL), 50% (1.2 ug/mL), 10% (0.2 ng/mL) &=%= FAFe] MPS e F7}a}

o] tOH FE=&5 H7Fs MPS &9 E. cloacae o W = 3
T2 AAF A¥= Figure 263 2k 7k o] 4% EtOH F+&=9 v=7}

ZHE5E colony57h RAsE AFe wadh

o
-4
i
e
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Figure 25. Antimicrobial activity of #rans—chalcone with MPS of F

company against S. aureus.

Figure 26. Antimicrobial activity of EtOH extract from £FP. urinaria with

MPS of F company against £. cloacae.
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2) Fdd &=
ZHEd =} #A#ste] QHARS  f{lste v A EolE  gram-positive2t
gram-negative 123 o] o]27|7bA 1 W97 wWrh welbA] m el FDA

o S AEFEFAANAE 47h4 FHe #rol uF A AR

S. aureus®l @t Aol A& mrans—chalcone® E. cloacae®) it Aol 3l
© o97<E EtOH FEES 2 [Cyd §5E 100%= 4ol 75%, 50%, 10% &
T2 ol Yol S aureusdl Wid A= HALE A A tH(Figure 27). Wl
% colony F7F ALFE A do] =8 Ao HULEAY. EAE, 10%, 50%,
75%, 100% =22 colony F7F F7lst e, ol= S aureusoll W3l trans-
chalcone® o7& EtOH FFE°] frans—chalcone ©50 2 AL&3h= 4-¢H
o g 39Ut AsE s Aew Aztdn

S. aureusel @3t Aol A trans-chalcone¥ E. cloacae®) it Aol )
T 997 E EtOH FE=5 7 ICx2 sX%& 100%=2 4ok, 75%, 50%, 10% &
T2 o] Yol E cloacaed] W3 AitE AALES A A S tH(Figure 28). S
aureus®}t= & E. cloacae®)| W3lA+= 10% 5%+ ZT3 colony o]z} ¢
Ao}, 50%, 75%, 100%= s%7l S71E4E #ZE = colony 71 435S
th T3 o §F& EtOH FE8S @50z A sk ARt of9$+<& EtOH

B

%53 frans—chalcones #o] A3k 2594 colony”}

i
ol
ol
&

. =, E. cloacae®)| WA= T ABEE o] AL&stE= Ao] i EHU}

e Aow waE,
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Figure 27. Antimicrobial activity of frans—chalcone and EtOH extract from

P. urinaria with MPS of F company against S. aureus.

Figure 28. Antimicrobial activity of frans-chalcone and EtOH extract from

P. urinaria with MPS of F company against E. cloacae.
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Figure 29. Shape of Contact lens for measuring water content(%6).

Treatment
) Hydrated shape Dry shape
time
1h
6 h
Control
12 h
No 1
24 h
continued.
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Treatment

] Hydrated shape Dry shape
time
1h
6 h
Experiment
12 h
No 1

24 h
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Figure 30. Water content according to various treatment time.
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Table 16. Measured values of water content for control groups

Time No. W, (g) W (o) Water Content(%)
1 0.0360 0.0146 59.44
2 0.0332 0.0135 59.34
1h 3 0.0369 0.0145 60.70
4 0.0375 0.0148 60.53
5 0.0376 0.0155 98.76
1 0.0376 0.0151 59.84
2 0.0377 0.0153 59.42
6 h 3 0.0380 0.0160 57.89
4 0.0377 0.0157 58.36
5 0.0377 0.0155 58.89
1 0.0373 0.0153 58.98
2 0.0385 0.0154 60.00
12 h 3 0.0381 0.0151 60.37
4 0.0379 0.0153 59.63
5 0.0359 0.0148 8. 77
1 0.0367 0.0151 58.86
2 0.0367 0.0150 99.13
24 h 3 0.0367 0.0152 58.58
4 0.0361 0.0150 98.45
5 0.0360 0.0150 58.33
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Table 17. Measured values of water content for experiment groups

Time No. W, (g) W () Water Content(%)
1 0.0390 0.0159 59.23
2 0.0392 0.0159 59.44
1h 3 0.0382 0.0155 99.42
4 0.0390 0.0155 60.26
5 0.0393 0.0164 98.27
1 0.0367 0.0159 56.68
2 0.0377 0.0155 58.89
6 h 3 0.0368 0.0158 97.07
4 0.0382 0.0159 58.38
5 0.0386 0.0169 56.22
1 0.0369 0.0151 59.08
2 0.0375 0.0154 58.93
12 h 3 0.0372 0.0155 58.33
4 0.0371 0.0155 58.22
5 0.0377 0.0156 98.62
1 0.0361 0.0148 59.00
2 0.034 0.0150 57.63
24 h 3 0.0361 0.0147 59.28
4 0.0375 0.0155 98.67
5 0.0369 0.0151 59.08

_63_



Figure 31. External appearance and shape of contact lens tested.

Treatment External appearance and shape

e Control Experiment

1h

6 h

12 h

24 h
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Z2HAELS ZF AYERE R S99 AT g6 go] F FZYEA=
5 ISO 18369-4;2006 2] gl o Aste] Z7; 534 FAste] o] A s F
=3 tH(Figure 32, Table 18). thxwe]l A%, 1413 3 6A13F 3 12413 37}

At AHFTIL U4AE Tl 2F WelW wW APTe] e 1T F

5, 1243 & 2443 Folle AASHA FAE AT A ARl A W IE 2
Aol el tixad AP BF AGAER Aol= glont
33302 22 @e HEhRon Azl A AlA

1.3335
1.333 1.333 1.333
E 1.333
>
< 333
£
0 1.3325
=
D
©
D 1332
o 1.332
1.3315
Thr Bhr 12hr 24hr

=+=Control  =e=Experiment

Figure 32. Refractive index(n) according to various treatment time.
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Table 18. The results of refractive index test

Refractive index (n)

Treatment time No
Control Experiment
1 1.333 1.332
2 1.333 1.332
Lh 3 1.334 1.333
4 1.333 1.333
5 1.333 1.332
1 1.331 1.333
2 1.333 1.333
6 h 3 1.333 1.333
4 1.334 1.333
5 1.333 1.333
1 1.332 1.333
2 1.333 1.333
12 h 3 1.333 1.333
4 1.333 1.333
5 1.333 1.333
1 1.332 1.333
2 1.333 1.333
24 h 3 1.333 1.333
4 1.331 1.332
5 1.332 1.333
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23}t (Table 19, 20). 7FA 334 o
o] 91%= w5 T7Fskl o, 1ARE 6417, 24413F $-¢F BluekglS o 2 A
o|7} 3% olst= eyt Ao A4S tixatol HlE 2

WA AP el A ZRA R el o] FFEIEo] B SAEJ Y 2 Aol
2.4% olst= AA g Udth(Figure 33).

FDA? 5<%l 7]l 9std UV-Ae F¥&o] 30% ©lst, UV-B= 5%= o]
slojojof st UV-A&E tlxa ¥ A3are] BE AIZHdelA FDA 7] 30%
ojgte]l Fites M= Aoz aAlE Atk (Figure 34). L2y UV-Be 2
M= BE A7l FDA 7159 5% o]&te] F3&S 7IAE ez 39l
Ao, zTe 6A1 FoF 12417 Foli= F34&o] FDA 718 %2334
thH(Figure 35). ®38k UV-AS] 45 Algte] A 33t wep tjzaa A9 F

o

rr

& Aoz} Z4zF 06%, 1.2%, 12%, 02% =2 23 AFFdA 2 Zo]2 &
e 4 Ao (Figure 34). UV-B9| -5, Algto] Z#3te] whet thxat) A9
7 F3g Aozt 77t 04%, 1.2%, 1.2%, 02%=2 Al ozt A3l A
Z zkolE #EFE 5 gl tH(Figure 35).
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Table 19. The results of luminous transmittance test

Luminous Transmittance (%)

Treatment
time 0 Control Experiment
UV-B  UV-A Visible UV-B UV-A  Visible

1 3 15 91 4 15 89
2 4 15 90 2 12 86

L h 3 3 13 91 4 15 90
4 3 15 89 3 15 90
5 4 15 388 2 13 89
1 6 18 92 4 16 89
2 5) 17 89 4 16 388

6 h 3 6 17 86 4 16 90
4 5) 17 89 4 15 38
5 4 16 90 4 16 90
1 5 17 96 5 17 85
2 5) 16 90 4 15 89

12 h 3 5) 17 93 4 16 90
4 6 18 91 3 15 90
5 5) 17 85 4 16 89
1 4 16 89 5 16 87
2 6 18 88 5 17 38

24 h 3 3 13 87 4 16 88
4 5 17 89 4 16 38
5 4 15 87 3 15 89
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Table 20. Measurement of luminous transmittance

Treatment

time

Luminous transmittance

Control

Experiment

1h
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Visible Light(400-770 nm)
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Figure 33. Luminous transmittance of visible light according to various

treatment time.
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Figure 34. Luminous transmittance of UV-A according to various

treatment time.
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UV-B(280-320nm)
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Figure 35. Luminous transmittance of UV-B according to various treatment time.
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ISO°l o137d o st "ol 4o §lojA vl A5AE &3] (American
Society for Testing Materials; ASTM)2] D790Mell o] Asle] iz &4z 2

Pt goo] Fo] ¥ ZEEA=E 74 A AR 42 554 Z4ske] o
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Figure 36. Tensile strength(Kg/mr) according to various treatment time.
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Table 21. The results of tensile strength test

Tensile Strength

Tree.ltment No Control Experiment
time
Tensile load Measurement Tensile load Measurement
(kg) area (mr) (kg) area (mr)
1 0.047 10.366 0.037 9.798
2 0.038 10.366 0.041 9.798
Lh 3 0.039 10.508 0.046 9.798
4 0.046 10.366 0.048 9.798
5 0.051 10.650 0.041 9.514
1 0.036 10.650 0.030 10.792
2 0.032 10.508 0.055 10.366
6 h 3 0.040 10.934 0.048 10.224
4 0.037 10.650 0.040 11.360
5 0.034 10.650 0.041 10.934
1 0.033 10.082 0.042 10.65
2 0.028 10.792 0.048 10.508
12 h 3 0.027 10.792 0.045 10.508
4 0.027 10.792 0.046 10.366
5 0.027 10.224 0.043 10.366
1 0.033 10.934 0.044 10.508
2 0.047 11.218 0.051 10.650
24 h 3 0.049 10.792 0.053 10.366
4 0.042 10.934 0.042 10.366
5 0.035 10.934 0.042 10.650
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Ihe
N
rlo
N

S A AEE AT 223 FF @0 Fol sl=e] PPF& T
ZF+ After soaking in conditioning solutions WH o & AA &gk & iz £
7 APd g gyl F ZHEANZE 7 ARUER 727 534

of Hitgks 7IFsAth tEwre] A, Aol wls] dAl A4 Alb el A

(Table 22,23, Figure 37).
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Figure 37. Contact angle(degree, °) according to various treatment time.
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Table 22. The results of contact angle test

Contact Angle

Tree.ltment No Control Experiment
time
A Al A volme Auh AMR RN veme
(o) (e (o) ey ey ey )
1 3441 3412 3427 440 1355 1258 13.06 4.87
2 25775 2840 2708 522 1873 21.69 20.21 4.53
1L h 3 2179 3048 2913 529 2090 2283 21.87 556
4 2622 2628 2625 445 2546 2757 2651 452
5 2802 2947 28775 464 24771 2636 2553 447
1 2367 2754 2560 446 2447 2666 2556 556
2 3457 3490 3423 492 1802 1761 1782 3.98
6 h 3 2572 2651 27129 463 2161 2120 2201 537
4 2554 2784 2669 507 2569 2780 26774 457
5 2347 2716 2532 431 2292 2491 2391 447
1 3169 3149 31.30 504 2526 2479 2502 3.69
2 2628 27135 2681 575 2765 2652 2708 @ 3.20
12 h 3 27112 2826 27169 566 2443 2371 2407 485
4 379 3780 3679 515 3120 2631 2876 580
5 3103 3330 3216 563 3298 2758 30.28 585
1 1678 1945 1811 578 1602 16.05 16.03 5.29
2 1508 1679 1594 584 1842 1875 1858 581
24 h 3 3052 3250 3151 475 2114 2423 2269 384
4 3118 3239 3179 559 3009 3263 31.36 577
5 2032 2176 2104 360 2032 21776 21.04 3.60
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Table 23. The measurement photos of contact angle

Treatment

time

Contact Angle

Control

Experiment

1h

Left Angefdegree]

Spreading Conefficiertimii 921077
Werk of Adnesion{mNim] 13638924

2087130

2080750
28310
Height from Top to Basefm] e
Base Line Lengihin] 830648
Base Areamn’2) 3123668
Drop Voluneful] 556335
Wetting Energy{min] 67 56007
Spreading Zonefficertfniiin] 523393
Work of Adhesianfriin] 14038008

6 h

B} 265057
257239
220738
048868
sso1s2
2455530
=
e514535
Spreading Conefficientimiiin] 7 65466
Werk of Adhesionfntiin] 19794534

saiaeres)  CEEER
Leftt Angle[degree] 2851
Right Angle[degree] 2491584
Height fron ToptoBasefom]  0.40365
Base LineLengtnin] w1523
Base Arealrn'2) w7z
Orop Volumety] aazeer
Wettg Energy{niin] o6 54605
Spreacing Coneficentimiinl 825155
Wk o Adnesirimn) 13834005

12 h

Lett Anglfdegree] 3832

Fight Anglefdegres] e
Helght from Topto Basefmn] 054750
Base Line Lengthim] 52887
Base Aresfmn’2) 2181781
frop Volumeful] 5062
Wetting Energy (i) 5207264
Spreating Coneffciertimim] 1072737
Wark of Adhesianfmiin] 13437283

Work of Adhesionimiim] 13761348

24 h

o 2104459
Lt Angle{degree] 32381
Rigft angeldegree] 21 76557
Heightfrom Tep to Baselmm] 038475
Base Line Lengthirmm] 630186
Base Areafmm2] 31 18887
Drop Volumelpl| 380151
Wetting Eneraylmiin] 6794434
Spreading Conefiicert{mim] 4gsse7
Work of Adhesionlmii] 14074434

et Ay EE
T
Right Angle[degree] 2489407
T
Base Line Lengthfrmm| 592191
Drop Volumeful] 460544

Wetting Energy{mim 6675855
Spreatling Coneficiei{min] 604345
Work of Adhesian(mivin] 13955655
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HAA7FA EZHE[ANZ tpEA -8 A (multipurpose solution, MPS)e] A4S &
4 B EAAA HAAEZ gASLA st Y AFEo] dEo] o of
2 w2 ok} oy AgAgol A HARFE @A EH (quercetin, trans-chalcone,
tannic acid)¥ AF A AE(A5-FF, of7jdutol ) H HExF(BEHTEEA
el FEE digk Ay &40 dis] Hiso] g ey FHEN= 74

FEol e Fdd Aok AA MPSel #-&o] 7}
St AFE BHawo] A gk weba B AFolA = o]Eel dig I o

Al E= MPS & @@ o] ofd Aol Hrtekdle o &

olf
ot
N
-3
=

3 MPSol 2HEA=E Aste] fuedxe] 24 WEE e 495
o] AFAR AFEEE Y FRAS AT F QEA T A5l k]
#Abak 9.

S aureus®] W3 paper disc diffusion FAA} Ao A ©GUEZAZE tannic
acid®} ZgH w-o|=Ao] &3} quercetin, trans-chalcone®], FE=E2+ o9
2 EtOH F&%Eo| &Aool Ut MIC AAF 2y & E A (tannic acid,
quercetin, trans-chalcone)oll A= ZAlo] Q= Aoz yYgo b (MIC Fhel zZHzt

125.0, 250.0, 62.5 pg/mL), -%-7< EtOH F=&2> MIC @S s + sl

>

P. aeruginosa®)l ™3+ paper disc diffusion FAAF ZA¥o| A @ E 2 (quercetin,
trans-chalcone, tannic acid) ol I &ddo] glv A= YeYow, F&5&
FTANA BEAFEEAR A5 FEEAA oFShA Aol e ASE YEyth
g AYFEEA 44 FEE MIC 43 84S &0 4 A
S. marcescens® ™3 paper disc diffusion 7HAAF Ao A&
Mg o] gle AR Yelygon, FEE FAdA Ad¢-TE EF FEENA
_)_\_
=

2ol = AR YEu of$

R

00*'

pg/mlLo] o}
E. cloacae® ™3+ paper disc diffusion #HAF A3 dAEZA Folrx= gt
gAlo] Qe Aow Yegon FEE FToA o9F<E EtOH FEEA et

ol de AR yEET o9& EtOH FEHE dig MIC 23, 39
ug/mLeo]t},
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Ao Fedh SHEA LSS drERl 542 Table 240 veb At Aol <
g T o] Qs 08eE "y Hle2 ofAo] 22.2%(207), HAdel 77.8%
(70%)olth. ol= <t & AGA A IHE= HEALY] Bl e dE dHAYE st
W, 20161 10€ 7]& oiEbEALE B AlFA el Thdgt A bFAE 2417 F
o] Aol 22%(47%), HAd ol 78%(167%)= HAd el H&o]l ¢ 354 o] Wt
FFEAE B AFAF Data). A0 WAl AR EEE 200 24.1%(2178),
30th &= 36.8%(321), 40th+= 27.6%(247), 50t <] 11.5%(107)=, 30th7F 7+
B HES AAstd o 400, 20d), 50t o] o ® FHASGATFSEA 3
BoAe). Al 25 A dFE BEE Qh H-o)d 10%(97), <t

90%(B1F) e Ae FRI dEdon B Aom el Leju 44
dFH ohALe] AW RF¥L Q1AL A F A v]8o] 84%(68H)R Eo

o

Wb Qb W-oj 9l 2= ool T78%(TH)E = vEhwth AlF b Al

Lo

A9 BEE= AFTAI7F 85.6%(7T79), A HAXEAZF 14.4%(13H) 0.2 A FTA| 7} =
A Yebgth A A S5 A "o el SEEkA e 98-S A9 3 x| 811
Z 104 o] Ao] 432%(3v™)= 7 wekar, 3d o] 106 mwke] 39.5%(321),

3d mRke] 17.3%(14%) o= detstth 2% AdAeM e A= R Ee
Aol 42.296(38%), AWk AL 57.8%(521) = LhEpuke),

SEAY 25 AEe] mE AgAddA e AE A An 25 Aol A
1742l vl &o] F7tstdar, AdS FHom FHasts 3o

el tH(Figure 38).
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Table 24. Properties of Opticians

Number of Male Female Total
respondents (%) (%) (%)
Total 90 77.8 22.2 100.0
Male 70 100.0 0.0 100.0

Gender
Female 20 0.0 100.0 100.0
20s 21 61.9 38.1 100.0
30s 32 31.3 18.8 100.0
Age 40s 24 79.2 20.8 100.0
Over 50s 10 100.0 0.0 100.0
No answer 3 66.7 33.3 100.0
Optical shop 81 84.0 16.0 100.0

Workplace

Ophthalmic clinic 9 22.2 778 100.0
JeJu 77 76.6 234 100.0

Region
Seogwipo 13 34.6 154 100.0
3 years < 14 85.7 14.3 100.0
3 years~10 years 32 63.8 31.3 100.0

Career
< 10 years 35 85.7 14.3 100.0
No answer 9 66.7 33.3 100.0

President or shop
38 4.2 15.8 100.0
Position =~ Manager

Employee 52 73.1 26.9 100.0
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Figure 38. Distribution of position in industry according to career.

>

Aol FFofgh 23678 o] AlFA Y diste] AT Fl AUAES] A B2
Table 259 2t} S9xte] ¥l E¥ &= 1945 1.7%(4%), 2041E 36.1%(85
), 2141 30.9%(739), 2241 25.8%(619), 2341 3.8%(9%), 2441 1.7%(4
o)Ak At AF A9 BEE SHAY 245%, TAY 7B55%2 AU
of AFsh= vl o] EA YeElGTHF-&EA 39 A9, FHA AFA e s
AFE 6.1%, TAS 73%, % 209%2 47 SHEEAtHE-SE A 6 A9,
4 A LRES B3 FAF Az 3509 o] Ato] 245%, 250%HA ~350%H o]
31.8%, 150%F ~250Wd o] 33.2%, 1508k mwko] 105%E A& eh(F-3 %
A 169 AlQ]). Frete] A oo i3] A= SHEel 82.1%, 5 AA
BETb 17.9% 2 JERGETHEF-&EAF 137 A <),
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Table 25. Properties of Female University Students

Number of Percentage
respondents (%)
19 4 1.7
20 85 36.1
21 73 30.9
Age
22 61 25.8
23 9 3.8
24 4 1.7
Dong area 176 24.5
Residential area Eup-Myeon area 57 75.5
No answer 3 -
High 14 6.1
Subjective class Middle 168 73
consciousness Low 43 20.9
No answer 6 -
1,500,000 > 23 10.5
Monthly income of 1,500,000 ~ 2,500,000 73 33.2
2,500,000 ~ 3,500,000 70 31.8
household 3500,000 < 54 245
No answer 16 -
Yes 183 82.1
Living with parents No 40 17.3
No answer 13 -
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