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Study on the Selective Binding of S— and R-Ofloxacin to Various DNA Sequences -

Hye Dong Kim(Department of Ophthalmic Optics, Daegu Health College)
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Study on the Selective Binding of $- and
R- Ofloxacin to Various DNA Sequences

Hye Dong Kim
Department of Ophthalmic Optics, Daegu Health College

Quinolones are a group of extremely potent
antibacterial agents that inhibits the action of type II
DNA topoisomerase. Development of the quinolones
antimicrobial agents represents a major advance in
antimicrobial chemotherapy. Norfloxacin and oflo-
xacin are representatives in the quinolone family.
Although, ciprofloxacin, also one of the quinolone
antibiotics, was recently shown to affects the confor-
mation of DNA gyrase A in the presence of Mg2+, the
interaction between norfloxacin and DNA has been a
subject for intensive study, since norfloxacin was
reported not to bind directly to gyrase but forms a
complex with DNA. From the thorough spectro-
scopic studies, norfloxacin was concluded to asso-
ciate in the minor groove of double stranded DNA
with a possibility of partial intercalation with an
angle of 67~80° between the molecular plane of
norfloxacin and the DNA helix axis. Norfloxacin
prefers to bind to the guanine base and the single
stranded DNA in comparison to the double stranded
DNA. The molecular modeling study on the nor-
floxacin-DNA complex showed that the hydrogen
bond between the carbonyl and carboxylic group of
norfloxacin rings and the amine group of guanine
base was formed. In the presence of the Mg2+ ion,
norfloxacin has been reported to form a complex
with DNA by a Mg2+ bridge between the carboxylic

and carbonyl group of quinolone and a phosphate

group of DNA backbone.

Ofloxacin is also a member of the quinolone
antibiotics whose structural motif is identical to that
of norfloxacin except that ofloxacin has a tricyclic
ring structure with a methyl group at the C-3 position
of the oxazine ring, thereby containing a chiral
center. As a result, it has two stereoisomers namely,
S- and R-enantiomers. The S-ofloxacin is 8-128 times
more potent than the R-enantiomer. This divergence
in potency with regard to stereochemistry and
substitution on the oxazine ring for these ofloxacin
derivatives implies that the active sites of DNA
gyrase recognize the different spatial characteristics
of quinolones. Several structurally related analogs of
ofloxacin have been studied their inhibitory effects
on DNA gyrase supercoiling and calf thymus
topoisomerasell relaxation activities. In the previous
work, we found that the binding mode and base
selectivity of S-ofloxacin is similar to that of
norfloxacin, while R-enantiomer does not bind to
DNA efficiently. In this study, we reported the
favorable structure for the ofloxacin-DNA complex,
using molecular modeling and molecular dynamics
(referred to as MD) by building up structural features
based on the experiment results. The differences in
the binding affinity between S- and R-enantiomers of
ofloxacin were elucidated by energies and structure

analysis.
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AR S 2l A 2dE AR ANEE gy oye ggor 246 ga Ao o
24 gold, 22, 28T kol ok obxjojare @bg—s};_ a3 ZANhE oS o Be
A z2dA5 =8 2= 4572 Ul g Aotk Bell 292 Ag] Wste] b2 %
o 2™ o4 o] F 14 7HA 9] EAE 2= A upS (1143111)4 B3l2 WL Aot}

& T3, 4% BAE gefshe Ao] ST AT o] ubeba] zhz o AUl A o] up2
AAol L, o 7]ofl= A HAL A4, =24 %2 AL Table 1, 20] A )8}t

Lol, 24 1= WtEA] xZ9tE|ofof gt} &

AR} dE-go] Dol = 2 HRF 245 2= Table 1. Duane's expected findings

AAbs 248 et T o] Qlar, FA A Q1 A4 Age A A Age AA*

L 28 gol4 e Fa Aol FbEa glep!

Rouse(1992) S #4241 0] gheto] o o 2 3} 10 11.00D 35 6.50D
o] A9 ghA}e] A7) 52 Frshs 2 A WS 15 1025D 40 5.50D
Lrgol=al skl r’} . 20 9.50D 45 3.50D

Cacho(2002) 5= 242 ALt tjEo] 245
&g ERoter m Fag AL ol A 2 50D ° 125D
ofst7] Qo A o] Faw Al 19 A b2 30 7.50D 70 1.00D

Aberell disf MEM 4 <334 flipper= o1&zt o A.A*: Amplitude of accommodation
kot 24 gold AL A EA A
Z A A 87 = skl eh Table 2. Donder's expected findings

Gall(2003) 5 4= S43h= FA7E A Age | AA* | Age | AA* | Age | AA*
OF Al g2 Aol e HehA] A A gol i HAL
of 24 Bo|A A} AR S| EA o= Abea 10 14.00D | 35 | 550D | 60 | 1.00D
B = S X R 15 12.00D | 40 | 450D | 65 | 0.50D

£ Angel(2000) 5-& 23 g0l o] o E 7 20 10.00D | 45 | 3.50D | 70 | 0.25D
U FetA ol S dds o A 8ol HAY
Avbgro] ghero] 2 a8t 22 o] icka shal ok 25 8.50D | 50 | 2.50D | 75 | 0.00D

Barbara(2002) 5-& A0} 9FQFA] FAbol| A Z 3 30 700D | 55 | 1.75D
THE Wt 54-29 em, 2 GOl B 112 A.A*: Amplitude of accommodation
cpm7} A2 E ¢l ohal B sl ok

H A A gol A Ak WE A2} S of| of-&-3f S0l WolA 1L A4 27 Fol HIE A &+
= 5848 WAL ALY FEE Hrkst=T, Ao A By S 5= Q= FAEE F7HH ==
AR 5T HALE 7HA AL QLo QA g, Z&olAte muyg olgdt FAES S
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KX
=
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ol

(regressmn analysis)< 51510 1 p-value<

Sosithan sekst et

tf 5] MEM
%24 80|
3P°4 = U A < |
2 719 gke] +0.50 DI, 7:‘4“
ZY7F 4+1.05+0.87/ +1.02+0.80 D=
L7 ohas =2 A0S E AT Bell
4/ ogel Mg es wiHE AdL 18
(43~35 cm)o. = A2 A Sl=tl, -t Heto] 7}
7} 17.89412.12/ 17.94+11.72 cm2 7|9 ZFE o} o
s zdgas ngol
ot —9-0] A8 13.9+6.27/ 13.8+5.96 cpm &

7] 11 cpm= T} Eqtom, et =4 &
o] /d2 A /57 I} reading barg AHE-TF =
7.69+6.48 cpm, H3Z2tA 7} reading barE AFE-3SH
AL= 11.76+£5.22 cpm=z e A/=QH4 1
reading barE AME3F 74 9= H3GOF I} reading
barg ARE-EH - HTE 7RGkl & nA= A
£ et

WA A golA AAM= 13.546.40 cpm O 2 7|
ghel 13 cpm} v]52817) &5 Gl TH(Table 3).
MEM H ol A -¢ta} #ete] 24 e 1= 2 2}
o] glo] =2 JHTAE S th(Fig. 1).

Bell H ol Al $-Qtat #eko] 242 1= MEM
ol AxtHtt W& =L AAAAS Ho]F,

71 HEEQ 30~35 ecmE o} BHA UEhY 2E =
7 A e th(Fig. 2).

O oty} Fotol sk MEM A<
W A=ZE E o] &3t gt =
A7t REaE 24 golAol %94 517
E E AR A 2 Wk th(Fig. 3,4).
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Table 3. Methods and findings"”

Methods

Findings (Mean+SD)

MEM Retinoscopy (OD/OS)

1.05+0.87/ 1.02+0.80 cpm

Bell Retinoscopy (OD/OS)

17.89+12.12/17.94£11.72 cm

Monocular Accommodative Facility (OD/OS)

13.90+6.27/13.80+5.96 cpm

Binoclar Accommodative Facility (R/G)

7.69+6.48 cpm

Binoclar Accommodative Facility (Polaroid)

11.76£5.22 cpm

Vergence Facility

13.5046.40 cpm

M-OD vs M-OS

-1 4
2
-3
Fig. 1. Correlation of MEM(D)(OD-x) and
MEM(D)(OS-y)(p<0.05).
FB-R_G vs M-OD
35 = -1.2069x + 9.0443
30 ¢ R? = 0.0306
25
¢ 20 ..’ .
-4 -2 0 2 4

Fig. 3. Correlation of MEM(D)(OD-x) and binocular
accommodative facility(cpm) (R/G-y)(p<0.05).

FB-Pola. vs M-OD

y=-1.1528x + 12.967 30 [
R? = 0.0373 25 . ¢

-4 2 0

N
H

Fig. 5. Correlation of MEM(D)(OD-x) and binocular

accommodative facility(cpm) (polaroid-y)(p<0.05).

ol Ees® A% R I ASUE S o] §3 o
ot 2 olHe fOA £ AWE BT,

B-OD vs B-OS

60 y = 0.9965x + 0.0083

R® = 0.9284
50 r
40 r .
* o
30 . . ¢ R
20 VS ol
*
10 r ¥
0 Lo—o
0 10 20 30 40 50 60
Fig. 2. Correlation of Bell(cm)(OD-x) and

Bell(cm)(OS-y)(p<0.05).

FB-R_G vs M-0S
35

y =-2.3106x + 10.049

Fig. 4. Correlation of MEM(D)(OS-x) and binocular
accommodative facility(cpm) (R/G-y)(p<0.05).

FB-Pola. vs M-OS

. = -1.784x + 13.584
R?=0.0751

30
25

Fig. 6. Correlation of MEM(D)(OS-x) and binocular

accommodative facility(cpm) (polaroid-y)(p<0.05).



FB-Pola. vs FB-R_G

y = 0.5963x + 7.1771
4 R® = 0.5485

0 10 20 30 40

Fig. 7. Correlation of binocular accommodative
facility(cpm)(polaroid-x) and binocular
accommodative facility(cpm) (R/G-y)(p<0.05).

A BE S o] G et 2 Sol 1Tt ot}
(Fig. 7).

Srot 28 ol 4 A Atel A
golge 2 5
(Fig. 8).

MEM 7 gdof ok =
o} F<kol hgt w:@%wgg%mm.
9,10).

$-oka} Fj<be] Tat o

bz Fere) 24

=
2 apo] flo] o AWWAZ BTt

FM-OD vs M-OD

y = -1.9821x + 15.986 35
R?=0.0765 30 .

. 25 .
20

-4 -2 0 2 4

Fig. 9. Correlation of MEM(D)(OD-x) and monocular
accommodative facility(cpm) (y)(p<0.05).

FM-OD vs FB-R_G
35 y = 0.5399x + 9.7626
R? = 0.3116

0 10 20 30 40

Fig. 11. Correlation of monocular accommodative
facility(cpm)(x) and binocular accommodative
facility(cpm)(R/G-y)(p<0.05).

FM-OD vs FM-OS

35
30
25
20
15
10

y = 0.8078x + 2.8001
R?=0.5914

0 10 20 30 40

Fig. 8. Correlation of monocular accommodative
facility(cpm)(OD-x) and monocular accommodative
facility(cpm) (OS-y)(p<0.05).

5 A=A AT E S o] 83 Yot 2E &
A & =9krh(Fig. 11,12).

o zpebo] jgt vk 2 ol o] g
S HFAA T HFLE S o) BT YA 2H &
A= =3 th(Fig. 13,14).

-9k} ztetel it whot 27 gol o] B
2 prism flipperS 0] 47 ¥ M2 G0 Y% Lol A
HAL 2L £ 42 A7 Atk YE
9l th(Fig. 15,16).

FM-OS vs M-0OS
35 y = -2.7677x + 16.585
30 ., R?=0.1382
- 0 1 2 3 4

Fig. 10. Correlation of MEM(D)(OS-x) and monocular
accommodative facility (cpm)(y)(p<0.05).

FM-OS vs FB-R_G
35 y = 0.5342x + 9.6509
30 . R%=0.3365

0 10 20 30 40

Fig. 12. Correlation of monocular accommodative
facility(cpm)(x) and binocular accommodative
facility(cpm) (R/G-y)(p<0.05).



FM-OD vs FB_Pola

35
*
30 .
>
25
20
15
10
5 & e y = 0.6774x + 5.9465
*
‘ , R*=0.3179
0 .
0 5 10 15 20 25 30
Fig. 13. Correlation of monocular accommodative

facility(cpm)(OD-x) and binocular accommodative
facility(cpm) (polaroid-y)(p<0.05).

Vergence vs FM-OD

10 oy = 0.445x + 7.3562
5 R%=0.1892
0 . ‘
0 10 20 30 40

Fig. 15. Correlation of vergence facility(cpm)(x) and
monocular accommodative facility(cpm)(OD-y)
(p<0.05).

Vergence vs FB-R_G

y = 0.3835x + 10.599

10 s
, R? = 0.1502
5
0
0 10 20 30 40

Fig. 17. Correlation of vergence facility(cpm)(x) and
binocular accommodative facility(cpm)(R/G-y)

(p<0.05).

E g ofek 2 ol o] £ 24T MA2 ol
A= =koh(Fig. 17,18).

HAL §old o) 7 HEES 13 cpm, MEM £ 9
%2 +0.50 D, BELL H Y42 30~35 cm o=
dHA Qo] MEM2 7| EY HAMEo] &<
o], BELL A % 3 %171—0] do & 2 A vt
B 2 BEOR Bysthd, YU o 2

FM-OS vs FB-Pola
y = 0.7461x + 4.9821
R?=0.4256

0 5 10 15 20 25 30

14. Correlation of monocular accommodative
facility(cpm)(OS-x) and binocular accommodative
facility(cpm) (polaroid-y)(p<0.05).

Fig.

Vergence vs FM-OS

30 L * *
25 r > * *

*

15

10 , y = 0.515x + 6.4624
i . R? = 0.2297
0 . Lo o |
0 10 20 30 40
Fig. 16. Correlation of vergence facility(cpm)(x) and
monocular accommodative facility(cpm)(OS-y)
(p<0.05).
Vergence vs FB-Pola
B y = 0.4884x + 7.8034
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Fig. 18. Correlation of vergence facility(cpm)(x) and
binocular accommodative facility(cpm)(polaroid-y)
(p<0.05).
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om EE o Ho| Aol MgAHoR 4B o YEV|O ABE 42 F B/ AT YT
o =N TASH= FebAl e A ahefstr] ¢ ot =W A 2~ 2]-5-(Slow Vergence Adaptation)
3 AL 2&How WAt gtk e o o Egog %79 At Ao oMY HEE
S = FAl o] A, A A, e Ak Ao A =2 WAt wAH =
A & AREA wpAH o] F=A]H2K(Fixation Z o3t 4 249 v A 2] 95
Disparity) @} A 2~ €ll(Integral Control System) A S E=d], A 42 SEA ol
RS o]gst= FAIZE HA solvhar Utk ot HEE AEeHA e HE 5= slew, A= A
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ofo] WH Wek2 o] Y3t YHbeFtA A o] Qb o] A &A 02 TMFEER o= 4TS o= 24
UE ok o A ¢l (Descriptive) o] &4 v 7 9] & Lol FARE 715 Sk Aol FA|HAO|
A sl dstal 4 o] &4 o]l kA Ql Xtk FAHA = A A 2EH O] AT (A A
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52NY OIS0 FUAEON LYt A7

A % Table 1. The sex and age of subjects

Male Female
Ages 60 70 80 60 70 80
Number 81 52 13 81 52 13

& A 2 ZAApHIH
A, 7l A, Ay 4AsE Zupe] & dAL 5 . O: U° l=|0 . _ )
A o] B9 thel A5t a ruto] wokall Wl o] 2oz vy }4 = A g o gt
AR Ao TAE H sk 1l 7 5(2005)= ZAME oo, Bt S H A= e E A
AP 7ol A YA FoH Ao e g TS HIERT000, Topeon Co) AL el 1%
2 wj§ol g} 3k, Ay FA B4, S 24 58 A A5
A af o) gto] Wiek g 42 o] ¢ Abof o) Q] o AH2H4 %ﬁh Al @@= A E(Trial Lens Set)

2 9h4 BRAA RS ALSFIAC ATk 2o
S v T FH=AY 24 i A 5 F
s Ao F. BEA, 19 WA & 5& ol FElo]
wolo] Ao gist ol 9o A Wang Microsoft Excel 20020] 22 & 83 & E4 A
.3_(1994)_]4_ Katz ‘6‘(1997)—4 o:]:rL7]_ o] o Uﬁ ;'Lq.] Eq“i‘ SPSS 12~OH'] 7&‘% Al"g‘fﬂ’oq t‘%‘%‘ ‘%‘T% /\E]]\]
NAE SAEL} 7 Z(2003), 7F S(2005)¢] B A
5—’7} el

o N
-

s O
10
M ofN K

ATL Ao sz o] Azstn 9w DTAL
(B w8 = BF, A &, A o
W ZAHY, HEA 59 2A15he] wolo] A A A ?t‘ﬂlﬂTo}t wRlEY] 284
R o] AAF A= the-3 Lok

T O
E v BAFo RN ¢t HAo it ¢
I

T A w e A ga) gl 1. 2ol M =2 B

o] 1A} 9 Hpe A S Al 20%7F 7 A AL, A &
WA 35.6%7F 71 =2 W= 2 Ve o H, o]}

AT DTl 07%7) 7P W, SIAA EbA]
474 AFAFE= 2006 9L EE 20079 8L 7HA] 7 34.2%7]— 7H =2 HlE 2 YERGTHFig. 1, P=0.605).
HO] FEo ATt - Aol et = Akt

‘_/‘k_}zlﬁo] A= 60/\1] o)A} - 01& EH’% oz 6‘]—9} 2. __I.LI:FI E-x-lo')kl-g_l g.m m

th A} AHS LESI] 2008 AL ALO 2 =23 o|ale] =A 7} HL]E% gl me

= o}l th(Table 1). +1.99~+1.00D]| A 7} =& B E & 7px| L}, Y3
= -2.00~-2.99D9| A, oI A} = -3 ODo] ALol| A 7}AF
3o v 2 ey oi(Table 2).
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Fig. 1. The refraction style of subjects.

Table 2. Distribution of abnormal spherical power in

subjects
Diopter Male female
Over +3.00D 10.27% 6.85%
+2.99 to +2.00D 14.38% 19.86%
+1.99 to +1.00D 28.08% 25.34%
+0.99 to +0.01D 17.81% 20.55%
0 6.85% 8.22%
-0.01 to -0.99D 16.44% 15.07%
-1.00 to -1.99D 3.42% 2.05%
-2.00 to -2.99D 1.37% 0.38%
Over -3.00D 1.37% 1.37%
3. Al o 57
AL ol BE 2ol A ¥t
H Al o] K7} W Fh(p=0.048, Fig. 2).
70
60
o 50
g 40 EMale
3 30 WFemale
S 20 ]
10
0
Against the  With the Oblique
rule rule
Type of astigmatims axis

Fig. 2. Distribution of axis of astigmatism in subjects.

4, S7t+HO M2 S EAE

G2 LA 23.29%, A A] 21.23%, YA 55.48%
2, o= A 2123%, AA 26.71%, LA
52.05%9] B35 YEFY th(p=0.132). A EH =
Ae zh BFS Iz 60 0.72+1.76D, 70t
0.63+1.69D, 80T} -0.21+2.72D& L}ElyF o v, of 7}

Table 3. Mean power of spherical equivalents

Ages Male Female
60 to 69 0.72+1.76 D. 0.43 + 1.48D.
70 to 79 0.63 +1.69 D. 0.46 = 1.20 D.
Over 80 -0.21+2.72D 1.02 £ 1.65D.

L 60TH 0.43+1.48D,7 0t 0.46+1.20D, 80t} 1.02+
1.65DE UEFyTth(Table 3, p=0.005).

5. 23 Al(Anisometropia)

dy B E 7R =2 "z = 1.00D o|3fo]w 7}
Fube wiml 2,01~3.00D0] U, o] A4S 3.00D0]
Jo e we gloa EA ] Qjci(Table 4, p=
042).

o

OO)v

Table 4. Distribution of anisometropia

Diopter Male Female
Under 1.00D. 81.08% 90.54%
1.01 to 2.00 D. 9.46% 4.05%
2.01 to 3.00 D. 2.70% 2.70%

over 3.00 D. 6.76% 2.70%

6. =92 ZTt{tA|(Residual astigmatism)
ZFo Al o] A H A= -0.01~-0.99D(30.7%) 7} 7+

-2.00~-2.99D(0.7%) 7} W& U= 2 713

U, &= 40.99~+0.01D(25.7%)7} 7}% =11,

7%1—.5:.

-2.00~-2.99D(0.7%)2} -3.00D ©]A+(0.7%) o] 7}4
A U B Th(Table 7).
Table 7. Distribution of residual astigmatism
Diopter Male Female
Over +3.00D 2.1% 2.8%
+2.99 to +2.00D 3.5% 1.4%
+1.99 to +1.00D 8.4% 4.9%
+0.99 to +0.01D 29.9% 25.7%
0 16.0% 11.1%
-0.01 to -0.99D 30.7% 25.1%
-1.00 to -1.99D 9.1% 7.7%
-2.00 to -2.99D 0.7% 0.7%
Over -3.00D -% 0.7%

r>~1

FoJ kA o] S FZHe WAL 0.17+1.23DE &
2|3} 2}o] 7} e} a1 (p=0.01), o A} 0.08+1.52D =
G 9] 5t 2} 0](p=0.04)7} %) &l ThH(Table 8).
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Table 8. The mean values of residual astigmatism power

in subjects
Value Male Female
p 0.16+£1.22D 0.08+1.52 D
0.01 -
A %

gAY 24 7s
=
O

F 5(2005)2] A

QIZEe] =2 40t =RHEE
7O
w2 AlFEo 7 Fstal Qe el 2 H oA
L3O A LA(74.7%)7F 74 vlEo] FHhaL Bk
ok B3 FAH200)= FEA Y =9 S o
Fom FAlof vlsf fAI7E Bekthal B skl
2 AT 2 o] oA Hol B AATE 2
A ETH #2 B & (p=0.0D)S 7HAY, A A
= A7 EAE T 2 BlES AASHAL 9l
=0.05), TEAA = A7) FAE T 2 H &
A 3L )L (p=0.01), FA[A Ao
= JAVE ARG 22 HlES UEU
(p=0.01) FABFA .2 {2t 2fol 7} Ut &
o FHOISY = oA A 2=
Al7F ZA Beh w2 HE 2 YEE S (p=0.01),
HU AEdael A dAl= AR 72.6%)7F FAF
(70.54%) Ht} w7 x5k oy FA A
2 FYT Aol Kol kot LAY A5
HAF7H22.6%) A ALELTR(18.87%) A WERAT
(p=0.05).
H’A]%Sﬂ H 350 A 7] 5(2005)2 70~83A] L]
%1 A](0.65+£0.66D) 7} A & Z7}of what = 7}
A Aol A A 2 o] Y wj o2t 5
17-(2001) 2} 7 5(2005)9] Q152 X—MA] Oﬂ
vle] mAZE W2 £EE AATES 2AE
th, & Aol A= mkAl 7L A Ao Hls) E A
UERLIL 2o (p=0.01), JEA =HA= &
AtA oz {23t Zpo] 5 Hol A FAAINE At
1% HA7H25.76%) 7F oA ZF(17.91%) °fl Bl 3f B2
S5 LER 91 3L(p=0.01), AP Al o] %H(23.88%)
7P HAH15.91%)° & @ EEE HER o]

filo @ f

(p=0.01) FAIA f274& 7

ST B Aol A 2o Bel] AA] Hl=
7b A detue, dgER wlwe A 60t
(p=0.01), 70t (0.02), 80TH(0.01) B5F EA 5t &

of 7t 2ol 7F Lk Tt

HEAE 29 w0 2RO ZA] 2 Ao A
0.00~1.00D2] W ojof| A TR ES |3t QLo
], G2} o] 3 Fo] 0.88+1.64D0] L o] =} ] HFo]

0.56+0.77D& 9-2] 3} 2}o] 7} LFERSFTH(p=0.01). 71
2] 17 1.01D~2.00D L 3.00Do]Atof| Al T2} H]-E-0]
= A e HH(p=0.05).

Zrol it A o] A Dunne 5(1994)2 =4 v EE
AE o] &3lo] £k .0.46D, HFL -0.50DE F}
et FAA ouz iokar Ha kglar
Kragha 5(1986)> /38 o w& F2J3t fol= ¢l
okl Baskieh 3 5(2002)2 7hoj A 7 40t
0.66D, 50tf -0.74D, 60T} -0.89D, 70t} = -0.35D=
A S7toll whet Fastal FASHH o2 § o5k
atol7b Quokal H sl 2 Aol A
vl oA FRFE= 0.16+£1.22D o] A= 0.08+1.52D
2 e o A A o= §ou|3t Zpo| 7t &
A 3} 3 ehH(p=0.01).
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A7} gkt S Qg Z AL H =
A= A FAlel Hls] =A UEEten
(P=0.05), 571w o] F@gke] il HlLol Al 60
o (p=0.01), 70T (p=0.02), 8OTH(0.01)E 52| 3+ =}
o] 7} LrebetTh. 100D o] 3k9] 5 Al i 37} i
2} BT} =7 UERE O m(P=0.048), 1.01~2.00D=
A 7F A&} Kot =4 YL (p=0.01), 3.00D©]
Aolde FA7E o2 Hop =4 Y THp=
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AlE tFFstat, *rtopd st QtA gt **FRA A8 kA FEka
A E ZAq% 9 2%

T3 7F RG] wheh 84 e A1t HFEH AR, A S A=287)702 1d o]strt 281
FHEA =8} A2)2E Fol Eojua e 5691(30.4%), 1ol A] 3 o] 327 642H(34.8%), 3
o, o] 2 sl £ oS E 57k Qlth dol4ho] 327 6491(34.8%) ol qdth. 4 W=z
A2z 5T oS 2dlste Azt & &AIZE 8AITtolEL 7} 221 449H(23.9%), 8-124]
F59 4] v dAkE ded £ 9l 7ko] 367 72%1(39.1%), 12A] 7 o] 4Fo] 3475 68<t
ohool gt AAdeHE Addts WY Folle v E (70%oE Y :MEZHGAITFS A TH-1241F
g oA, 22, HE2 HARY SO o] 7F; gkt Hx o] Ag A2 24 o] 8%
9lig| A 2w AXHo| 7FH A o] o] 9 & who| A} 169H(11.3%), 2371 638 1269H(88.7%) 0.2 Q3
L5309tk A EES 0] v A AE 9l A of AxZE& HoHA =7]= Abdho] 953 ¥ate
2 Qlgte] o], 5, AR TS Tast= o o, §-27F A= AP 331 6691(19.4%), §1E A
FHQ At FEF O ZA o] gigh A A A A ol 1377 274%1(80.6%) 2. & LR Th A ¢kel
7F @ tE 10mm/5mino]stof| A &l 22H-8-7] 7ko] 19 o]sh=

Hoops gz 2e v AAJotue] TA S ol 2591(44.6%), 1-31 279H42.2%) 12|11 31 o]Ab
H7) 918 H 2w HAPH O & 20t Z5Fe] of tf A & 429K(65.6%) o2 LrEtRt o, Aot A=
1708 & it 2 A Ast 9t Eﬂzﬂﬁﬂﬂﬂ 287172 FAR O Z F-Y5hA] hoth(ED. ¢
AdAdA =2 A7, A=z A o o2 A& o #;M=2HgAIZER A Qtell gLl Al 10mm/Smin
ol et S, 1AL 5k F Aol Al *l o]3to] Aol Al 8AIZFOlBH L 239K(52.3%),
Aol thaf AT 8-12A1%F  30%H(41.7%), 12A]1ZF  o]/4fo]  41%F

(60.3%)0] 112, 12A]7F o] AFoll A A A eto] 7}&
Cl wokon A=A GAZT A4S FAKoR
FostAth(EE 2). =9 A2 T4 FolA o=

A=) 2877kl wheka] 1d 3 39S 7S ZFI o= g EEs ol 4] W 28 lof A W
2 ARl o, dY Z8AIZ 8AIZFT 124 ofor}, EAMOo R SolstA] okofil, ARZL
He 7o 2 ZASIG Y E A ExZ2EH oA gl = 22 TLof| A = 9691(52.2%), OF A 2L 26
2H8-38, A Y] A ERE Yo A 2W 4 9K(33.3%), L2 I A AFA] B 2L o] A = 209+(25.7%)
AP AIE WashL, o2 AR, FFE L om A 2 7t EA PR 93 2o]7} 9
7l S8e Al EFael dish AR SHE g Az AR Ll AFS o] A A 240
F ARSI AL oI 252 RS o ASHA AR = AL e AR 3 BE
At /g2 FARA] o o] of o A O & g 184 of| 4] T A ol EAF 02 S o5t
46 X712 1707 €] 340%F0] ], H| 2w HAF I HFA]
< Foto] AR HARE A7 7Y A AEA HAF A7 =
£ AAS AT AAPTHS O =8 2719 ==
t}. A E9] ZHEA= 2Hgof W At A
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=287 7k 10mmo] 5}-3+(%) 11-15mm k(%) 16mm o] /g<3+(%) Al(%)
19 0] 5} 25(44.6) 9(16.1) 22(39.3) 56(100.0)
1-34 27(42.2) 12(18.8) 25(39.1) 64(100.0)
3dol4t 42(65.6) 6(9.4) 16(25.0) 64(100.0)
Z 94(51.1) 27(14.7) 63(34.2) 184(100.0)
* x2 test (P=0.07)
2. UY HXZZA|7tt £ 20 ZAFE2H/5min)
A Al =2 A 7F 10mm©] 5}3+(%) 11-15mm<H(%) 16mm o] /(%) Al(%)
84 70| 5} 23(52.3) 11(25.0) 10(22.7) 44(100.0)
8-12A] 7} 30(41.7) 9(12.5) 33(45.8) 72(100.0)
12X Zko] A 41(60.3) 7(10.3) 20(29.4) 68(100.0)
7 (%) 94(51.1) 27(14.7) 63(34.2) 184(100.0)
* x2 test (P=0.03)
Abol Al thE-o] A2 ¥4l QFa}st 3] %] 1986;27(1)31-35.
1) dd A=2FEA 7 Ak FAACR & 3. ol4td, A AAT, B =19l Schi-
9] 3} thH(P<0.05). rmer testx]. o §FQT1}8F35] %] 1979;20(3):363-5.
2) AL WEH FA AZGL AZIET 4 RES, o[4S, Hol, AW, H&Qx2k;
o Wl AHgLof Hls Eron], 53] &5 4 1999;73-75.
2749 A7 f A THP<0.05). 5. De Roeth A. Lacrimation in normal eyes. Arch
H =2 7719 AAdore EA Ao R 8935} Ophthalmol 1953;49:185.
A ket ol H 7t AL Foko] 2877kl 4 6. oldet, YL, 28 FYHEAN= 2-§o]
42 A4 v go] k1, Are] &S vho} ‘ol Rn]of 1] X4 93 thekerubakal«). 1988;
212 oF 4= 9l gtk 29(4):487-92.
7. Wright JC, Merger GE. A review of the Schir-
11:]'_7’_7“_-""_ mer test for tear production. Arch Opthalmol
1995,95:445-8.
LovlS, olaah, SREAR ARWAAY: 5 pew men dquse) 2esaz Mg
1993;193-194. 3} A4 qke] P, BRI A, BF

2. ©o]A3k &dF 5. Schirmer Testo] A& 4. ot
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2. dAtA2|of WE AlES| B7| Hst

EAZREHY BrE S EY] fI5te] =
AE ol&sto] 2719 HAMA R oA A =E SF
3 A3} 3mo A= 108.9¢d/m?, 5mo A= 108
ed/m?, 10mo| A= 7+ 2He 7kl 103.3¢d/m* 2.
2 S

3. BAAZ|O 2 Al=Q| H3}
AAHAE SmOM EFEHE 0|85

AHAE 48 g AYgks S48k, oHEL ET

= 48A% *JEHOM A RANES

ol Al ¥A ] Al AHAE g 23 3m, 5m, 10m4

MR A3 A o] B th(Table 1). o] Smoj A &

AE 98 Y =5 /“Pﬁoh*ﬂ = 10mof A &

< omj3tet.

H:HU
Ay

TS
X o
I
(U]
3
(2]
3
5
> 3

1m

4, Zb dAAZ O w7 &
IE AlZH2o| H3}

AAA O T E B o] @ 212 118 Eto], AALA
2] Smoj| Al A EH & %]—78_57_ 2 2 Hpzh Wl o}
Yt S gkl 0.25D 14 +0.50D ~ -0.50D7}

R P EREEE }L@%Aﬁqb
Table 10j| A &} Z-t}.

2| Hatof

Table 1. Comparison of distance visual acuity according
to both measured distance and added spherical

lens diopter(SD)
Distance
SD 3m Sm 10m

+0.50D 1.14+£0.28 | 1.10+£0.27 | 1.01+0.23
+0.25D 1.38+£0.27 | 1.29+0.25 | 1.14+0.22

0D 1.42+0.24 | 1.42+0.22 | 1.23+0.21
-0.25D 1.48+0.24 | 1.45+£0.20 | 1.28+0.26
-0.50D 1.47+0.23 | 1.47+0.22 | 1.35+0.22

Data are expressed by mean+SE.

ArA 2 3mell A Aggh "ste] dsf 7 1
HHshs et ¢l 8-0.25D 7} Al 7}
A& 5 den, 10mo A A4t
L Awbg o2 7rdo] maA g
1t =3 10mefl A A2 3
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Hood 4y = B o) o

2

(o]
e
ot
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2

o

3me] HAA A= €& A AWk
S-0.25D RHE RI7FeHRE W 7HE =2 A ™S
EPl = o]= Smo A Eot A2 = Q14
Adxdo] sxteug I g9 HAZAN =S
A A1 7] 7] §51e] -0.25D 2] xgo] c1 %_9_8} P
o= X 74511:} Sm FAHA 2] A A
A 3w e AFe(S-0.50D _‘:,'47})01]/&1 14371L

L2

—L

ol
m

i
Io>

SHAIRE 71 gk Z Abel7t fllth ol= XFHE
o] &3t Az ZFAPAL Al Smofl YA TG4
AAEEE AHESHo] H8 A AghE S 6}
A, AAAE o] W2 Alg =A Ao ztzte
HAAA Bl Dut Fol A BE JA A7 AHALS

of W& FAAY 2= 9 A F ] 3L o 2fo]o
A 7105 Aoz Atz ek
10m HAAR A= S5 A=A o] o
2 dAA A S SA G E T Wekth I dle
2 3A F 77 2 EH, @ 7R = 9 A
ME7F gadths Aol o shube HAMAE
7b dolol mebA AR 2HY Fof mEdte Y
o] g}7]7F £ol57] wioletal Az E ok

2 E

1) 3m, 5m, 10m =08 HAAZ7L Hol A&
= NTRNR= Rt =3

2) 3mE A|ES o] &l A HARRE FAI9 H&
A A "HAA P Smoj A Y3k o
AZrE T 9F7H(S-0.25D) T A E gho]
2 olq.

3) 10m oo 2t Aol A & ¢ AHestar
Hek AlY wH & Yot o ALY 75‘%
AFA R Smoj| A o] -8 w7 AHgEE ) S-0.2
EL S~0.50D T} A 3| Sz 0]of 3t}

)

o

U o

22y

a

—_

RN, AR, 4, A
65-73(2007).

2. Leno S. Pedrotti and Frank L. Pedrotti S. J., “<F
a3 71skge, 2%, =AEW 523, pp.
20-26(2005).

F=TAL pp.

3. AETF A FE, o, ek A |, pp. 579-
581(2008).
4. 9, olHA, AR, YA A, 2,

A ZTAL, pp. 35-36(2008).
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Introduction
A7 A ol Al dopamine &, 77, 71¢
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3] AT A EEE JRE Pk Tyro-
sine hdroxylase+= tyrosine > 2 & dopamine 43
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FA o mj$- F83 @ otk 7)o, g, 25
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£ 9 e AZAR 750 caleium® £
ga-g st o8 7FA Y calcium-binding protein
I AFS 222 3t} Calretinin® 29kDa calcium-
binding protein© & ® o}2] uhof ] ¢cDNA clone
o2 A& ¥AE QT calcium buffer2 7] 52 3}
u% calcium Tl A5 Aeko] @atL skl
© 2 o] mulof= 15-19 }_Eg A AANZ,
9-11 ZEJ FFAE, 29 FFY FEAAE, 2
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et 27], 3eFo], Ao wulol calretining:
Egtet ot A7 Al Z ) ERo] o3t At 7]
HuE gl sl =iz wute Al calretinind}
tyrosine hydroxylase2 E3}5}= Al 7 A 3L o] tfj 3
A BaE ok mE N 7} calretininT} tyrosine
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Material and methods

Tissue preparation

348 A7Ha 40h2) 2] 59 4(Capra acgagrus
hircus)7} 2 ATo] ALGE YT HFHE SA
4% paraformaldehyde in 0.1 M phosphate bufferof 4]
Wk Bastoe] 24175 9F 1A A] 71tk Vertical
section2 Feldl H7] gsto] 1A E uke 4%
agar(Sigma, St. Louis, MO)©]| @ o] vibratome © &
50/m= A st it

Immunocytochemistry

2R 2o Welxsietd Wye A
At 12} 3+A| = tyrosine hydroxylase (Pel-Freez,
Rogers, AK)%} calretinin (Chemicon, Temecula,
USA)YE 1250 H|&= ARESEGlAL, 22k A=
FITC-conjugated goat anti-rabbit IgG (Vector Lab,
Burlingame, CA, USA)2} Biotinylated goat anti-
rabbit IgG(Vector Lab, Bulingame, CA)S AM-&-5} %
t}. 7 ¢4 mhc} 0.1M phosphate buffer® A 2 o
AE AR

Data analysis

H o] 2 A SleH Y & Z A2 glycerol 2 coverslip
3}lo] confocal microscope® &H3F H-F1} Zeiss
Axioplan microscopeE AF-&-5}o] FetE G2 31

o},
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Results

Fig. 1. Tyrosine Hydroxylase-positive cells in fluores-
cence-reacted 50 /m vertical section of korean
black goat retina. GCL: ganglion cell layer, IPL:
innerplexiform layer. bar=20 ¢m.

Fig. 2. Tyrosine Hydroxylase-positive cells in whole

mount of korean black goat retina. bar=50 . Fig. 4. Calretinin-positive cells in whole mount of korean

black goat retina. The density of ganglion cell is
most high in visual streak. bar=40 ym.

9] foveas 7}A| M, H|E7]= F7) 9] foveas 712

o}, uhy ZZ\_} %_4 Ao fovea7]- old Vlsual

Fig. 3. Calretinin-positive cells in fluorescence-reacted

= 4 E A]-.:;J A} O ?so:]/\
50 um vertical section of korean black goat streak 7} ]‘— }Uq q] 2 -

retina. (A) Arrowheads indicate horizontal cell. BT A GF R 509 visual streak S 7F
amacrine cells (B) Arrowheads indicate ganglion A= Eoldt £ wolth” g2 9} 4 o] vl
cell. Several amacrine cells are well stained. X AAA /\1] __75, B =2 N 3E, = A E 7} calretinin

GCL: ganglion cell layer, IPL: innerplexiform
layer INL: innernuclear layer, OPL: outerplexi-

), tyrosine hydroxylase+= 4>, & X]
form layer, ONL: outernuclear layer. bar=20 ym. <

= o] 9] %]3} monostratified 5
B e
displaced T2 7} st ok Calre-
tining EFH A £ EEujc} ofzke] o] 7}
54 3L Capra aegagrus hircus © &2 A=t aeFolel sl wute] Q= FHAMEE=
Sl SaTh AHRS HEEA B 4 ol caltetining 714 T QA 5k % 7] 9] Wubo] A 4
o smolth 1 Bajo] otk AEE st BAIE} calretining 1A 3 Q1A 98-8 8 4 9]

Discussion
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Fig. 2. Scanning electron micrographs of antibacterial
contact lens weared rabbit's cormnea for 3
weeks(%1,000).
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Table 1. Classification of Vision Training

A. Binocular

1. Pleoptics(for certain cases of functional amblyopia)
a. Abnormal fixation
b. Effects of suppression on visual acuity
2. Orthoptics
a. Heterotropia
b. Heterophoria
3. Visual skills efficiency training
a. Poor pursuit or saccadic eye movement
b. Accommodation infacility
c. Vergence inefficiencies
d. Other, e.g., poor stereosis

B. Non-binocular

1. Visual perceptual training
a. Poor laterality and directionality
b. Poor figure-ground perception
c. Other, e.g., poor visual closure
2. Visual perceptual integrative training
a. Visual-auditory mismatching
b. Visual-tactile/kinesthetic mismatching
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the accommodative response”, Am. Optom.
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5. Daum KM., “Accommodative insufficiency”,
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Test Before After
Refractive error OU: -3.50 D
Phoria(far) 22 BO 0
Negative relative convergence(far) */10/8 */12/10
Positive relative convergence(far) 20/24/23 18/24/20
Phoria(near) 8A BO 724 BO
AC/A(Gradient) 7 6
Accommodative lag(binocular) +0.50 +1.25
Negative relative convergence(near) 12/16/11 12/16/8
Positive relative convergence(near) 10/16/6 */30/20
Negative relative accommodation +2.50 D +2.50 D
Positive relative accommodation -2.00D -2.00D
Amplitude of accommodation(monocular, push-up) OD: 714D ob:1250D

0S:8.33D OS: 11.10D

Near point of accommodation 14 cm 8 cm
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