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Effects of Zinc and Its Chelators on ERG b-Wave Sensitivity
During the Light Adaptation in Bullfrog Retina

Kyung—Hee Hwang, Young—Hwal Kim, and Jong—Seok Park

Department of Clinical Laboratory Science, Daegu Health College, Daegu 702-722, Korea

Zinc plays a key role in genetic expression, cell division, and cell growth and is essential for the func-

tions of more than 450 metalloenzyme, There are high concentrations of zinc in pigment epithelium in
bullfrog eye. Zinc deficiency causes night blindness and abnormal dark adaptation. The purpose of this
study was to identify ERG (electroretinogram) b—wave sensitivity during light and dark adaptation in
bullfrog retina after zinc and zinc chelators treatment such as histidine and TSQ (N—(6—methoxy—8—

qunolyl)—p—toluenesulfon amide). Especially, we focused whether histidine act as a zinc chelator in

the Muller cell. The results of our study are summarized as follows: 1) Both zinc and histidine elevated

ERG b—wave amplitude and threshold in Muller cells by accelerating rhodopsin regeneration time and
increased a—peak absorbance during light adaptation, 2) TSQ reduced those by prolonging rhodopsin
regeneration time and decrement of a—peak absorbance during light adaptation, 3) Zinc shortened rho-
dopsin regeneration time and prolonged a—peak absorbance. These results suggested that histidine may

act as a zinc—mediated transporter in presynaptic Muller cell membrane rather than zinc chelator and
acts as a GABA—receptor inhibitor which blocks Cl™ influx to the postsynapse.
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Fig 1. Representation of various components of ERG wave, A
schematic view of the retina, to show where the major com—
ponents of ERG originates.

whebA ZEalo] A dH 7] flsAl= retinolo] RDO| €]
3l retinal 2 AJ4ks}E ofopit sh=d], o} o] A HA =
RDO| g0l ZHaEo] 2FAl9] o] d&atA] Xt
Ho A A= opliT v e 8S fdshl Et.
w3t HEMT A9 $HFS ZH3}= retinol binding protein
(RBP)9] %= Al =lo] HIEbT] A9 F7, 75, 28 5ol
FFS v oZH visual cycled|7HA] o] o] A7A| ==
tl(Grahn -5, 2001), A|2H4] ZHAdo] =58k oflo] ofgh
ZARJAAE 7] 9fste] ofdde] A olEE Aejatsitt. &
W2 0 2 ofio] A o] Edl= o 7FA7} loH,
membrane impermeable chelator2A] 2F-8-3lt}, 71 /-2
= CaEDTA (Ca” —ethylenediaminetetraacetic acid), dithi-
zone (diphenylthiocarbazone), NEM (N—ethylmalamide),
EDBA  (2,2'—ethylenediamino—dibutyric ~ acid), TPEN
(N,N,N' N'—tetrakis(2—pyridylmethyl ~ ethylenediamine),

zinquin  ((2—methyl—8—p—toluene sulphon amide—6—
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quinolyloxy) acetic acid), TSQ (N—(6—methoxy—8—
qunolyl)—p—toluenesulfon amide), ethambutol, histidine
o] Utk(Sawada 5, 1993). ¥ AF X+ membrane
impermeable chelator24] Z-8-3F= TSQ¢} histidineg A}
S3t3irt. wEbA WS Et ob <t histidine A 2fs}o]
ERG b—wave?] 5447} 235419] regenerationel] o]ugk
E37} Sl ol 2 Zlo] ], 3k T5Q A2} 5 ERG b-
wave?] A3 25419 regenerationd &7431e] o}
o Ay o|EZH Ags=AE ERls] & Zot} 53] &
Ag o= 2] M)A histidineo] o}$12] A o] EZH
Zp-g3l=Aof] wate] Felsfarat g,

CEREE

1. A|ZZH|

2 Aol AREE T2 FAHT-El(2H bullfrog) o]t}
gl 9, P<-8-(dark adaptation)& A1717] 913 A
MTelE A el 302 o) 7o, 2 5 mE Y
= AR FEAY fe9ld3]e] o wet st
k. In vivooll A EaE S8 AEHQ] At FH 0] o F
OJAA] &L 75, TellM e FAIET R S ERG| b-
waveZ} A E7 HER A&H o Mg FFAA 308
ol At & ¢Hgslel the ERGE #E3FSTt. Al A
43} normal ringer solution (NRS)&] ZAJ& 747} 105 mM
NaCl (Orienta Chemical), 2.5 mM KCl (Orienta Chemical),
2 mM MgCl, (Yakuri Pure Chemical), 1 mM CaCl, (Orienta
Chemical), 5 mM Glucose (Sigma), 5 mM NaHCO, (Sigma),
10 mM HEPES (N—2—hydroxyethyethypiperazine—N'—2—
ethanesulfonic acid, Sigma)Z ©]Fo]x lor 8o
ofdd % T Tl g Haskely] ffs &ri A
deionized DDW (double distilled water)Z ARg3sFe] 23]
FLER UHE & pHE 7.4~7.622 Y31t} NRSE: control
2 3}o ZnCl, (Sigma)2} oFie] A o] ER] TSQE A3}
Ao, B3 histidine (CHN,O,, Sigma)S ARE-3le] 2§
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cuvettedl] A2Fs}aL, 400~700 oA SFFEE A3
L3} o33} W20l 4] o] o}l histidine, TSQY| &%
Apol & wlarstr] flate] wi7dd-& ND 02] Al71=2 1087

Mgl FEEAA HeEsE e

FoF 25°C ol|A] Hj
S Felsle] et

S & spectrophotometer

&% %= (OptizenView

3320UV, MECASYS, Korea)& 243} 9it}.

5 H|0|E =4

ol¢dx 2] 2 TSQ, histidine *] 2]ol] w}& x 9w =4
213 dlo]E| 58 Axotape ver 9.0 TR0 7 HAIEQ)
i, FF 2 EY 24 A vlolHER UVPC ver 3,91
2I9E o gsto] £

Z i
1, 5% ofel 5= &
kel thek ofde] A= Yot 7] 9J3, WA 27 o}

A FEE ST dedH HE ARESIA NRSE
control 2 3}4, ZnCl, <]

T2 0.01, 0.1, 1, 10, 100, 1000
Hoz Z7h7IEN AR A
F(ND 2)& Fo] 422l b—wave amplitude?] H3}-= &
23k}, ZnClLe] w57 S74skel| Wl b—wavert A2
o2 F7Feke] 100 uMolX= controlol] B3l 2~3ul|7}A]
Z7He YERITE. 28y ZnCLe) F57F 1000 uME 5
7}6‘}134 ofAe] AE EA]ol oFf b—waver} 23] 7HAag

S B /* 10—11:]. B }\1640]]}\-] 100 ,quQ‘ o}oﬂ_/] 7§ =
2 2L, o] Fe) et g e Agel 100 uM
o] znCl,E A 2312 SIcHFig, 2.
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M 9t HES A
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2.0l 2| M - ¥ ERG i3}

A= F7 el w2 Ao 2] b—wave amplitude®] Hs}
= BFatde}. gk gegollA o] ZnCl, A2l A - el o
745 vl 7F-(ND 2) 3follA] g ARl F, ZnCl, X 2] A -
5 vwekdet, 2 A3 A=3(ND 7~ND 0)o] F7Hgol
w2} b—waveZ} BF 7O, g3 Ha-golA
B ZnCLE A 2o 24 b—waver} 9%3] F7FeSitt,
&]7]0]l4 ND 7914 ND 62] 2]u]= 1 log unit2%] 4l¢] 8t
717} 10814 S71HgHS < n]skck(Fig., 3).
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Fig. 2. Optimal concentration curves of zinc. The ordinate rep—
resents the relative peak amplitude of the b—wave, which stan—
dardizes that the value of control used normal Ringer’s solution.
Fach response was obtained under ND 2 stimulus light intensity.
The optimal zinc concentration for the highest response is 100
KM, not showing the cell toxicity in any case.

3. H& histidine s 58
o gt histidine] E7-5 golr 7] 9J3), 4A of<d
A3} =8t U O 2 histidined] 34 352 =4
¥TE0,01,0.1, 1, 10, 100, 1000 M ¥ )7} ¥
o2 F7MI7IHA 24l A<l b—wave amplitude
w8 A w57t F713k wel b—waveZ}t
Z7F3F o m, 1000 uMol|A+= B2 A3 oA E3}y]
HY 1 ~7}§01 ZnCl, B} kAt 7}
Z712 B2l 100 uM-< histidine®] A4 &
AakaL, o]%9 kg, B8 A3l 100 Mo

histidine 2] 2]3}7]1 2 3} 4t} (Fig. 4).
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Fig. 3. The Change of absolute b—wave amplitude during
different stimulus light in the presence and absence of back—
ground light ND 2 in NRS or NRS plus optimal ZnCl, concen—
tration. After ZnCl, treatment, b—wave increased according to
the increase of stimulus light (ND 7~~ND 0) in both cases of
dark adaptation and light adaptation.

(SL intensity : ND2)
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Relative b—wave amplitude
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Fig. 4. The change of relative b—wave amplitude according
to the addition of different concentrations of histidine in the
presence of the stimulus light ND 2. There was a saturating
tendency at 1000 M in many experiments; therefore the op—
timum concentration of histidine is 100 uM, at which the most
remarkable increase was shown.

HFig. 5).
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Fig. 5. The change of absolute b—wave amplitude accord—
ing to the increase of stimulus light, before or after treatment
with histidine, during dark adaption and light adaptation. In
both cases of dark adaptation and light adaptation, histidine
freatment resulted in the increase of b—wave according to the
increase of stimulus lights (ND 7~ND 0)
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plitude®} threshold?] H3l= J"J-ilé]—"ﬂlﬂr(Fig 6B). NRSo|

o}l I+ histidineS = 2]31S of =
old7} Z7}8lic}. £3] znCL2} histidineS 37 2] 2]3)<S
e v AR A 2] Ao Ad#glo] b—waves} thresh-
old7} $7Vskgl o, 1 F7FE0] o} =+ histidine?t |
g2 w B} & Hr}. Histidineo] o}¢le] Ayo|ER
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7} ZAx|ojof dl=t], 2.3]8] /18P PR histidine©]

P 29ree o

oble] AeolE g 443
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6. of¢d I} histidine, TSQ & 2|0f| 2 ERG 43}

ofede] Ago|ER ZH231H= 10" M TSQZ 500 uL(F-&
FE125x100 M) A 2JskitkPark 5, 2007). o] w] FE
F=d NRSO| TSQE A 2fste] A=3(ND 2)& Fo] b—
waveZ} 1/22 7+40% wjo] =5 ofn|ght}, NRse o}¢i9]
A olEQ] TSQE A § A=3% S7hol w2 dfz<l
b—wave amplitudeE Z43}t}F. TSQ A7 &
7F Zaste gy TSQ7F ofdde] ZdlolER AgatileS
oF 5= ArhFig. 7). NRSol| ZnCL¢} histidine, TSQE A ]

b—wave

3l & 2= (ND 2)& Fo] 42 ¢l b—wave amplitude2}
.thresholdE ZA3}ith, NRSel| ZnCLe} histidineS ]2

39S W) b—wave2} threshold’} 7131910 H, TSQE A
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Fig. 6. The change of relative b—wave amplitude and threshold according to treatment with zinc and histidine., There were in—
creases of both b—wave and threshold after treatment with either zinc or histidine in addition to NRS; and also after treatment with

both ZnCl, and histidine, regardless of the order of treatment.
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Fig. 7. The change of absolute b—wave amplitude according
to the increase of stimulus light after the treatment with TSQ, a
chelate of zinc, in addition to NRS,

7} ofdde] Aol ER 483k Aolth(Fig. 8 A). B3+ NRS
of] ZnCL2} TSQ, histidineS *]2]3F & A=3(ND 2)& F
o] A<l b—wave amplitude®} thresholdS =43} T},
NRS©| ZnCLE A 2l3}$0=2 w b—wave2} threshold”?} <7}
o™, TSQE *]2]8k Folli= b—wave$} threshold?} 7+
28FSlt. TSQ7E ofdell tete] ZelolER 24§35k Ao
t}, Histidine 2]2] A] TSQ2] o 2 b—wave’} 7+A435}
= A ) Sletel 15Q A7) F 5w AR AF
F(ND 2)& F9] b—wave amplitudeZ 243} It} TSQA]

2 r =mmRelative b-wave amplitude 18
—#—Threshold 7
g 17
© 1.5 16 2
L3 . Z
15 =
Y- =
o= 1 14 2
> a =
D g 137
s :
3 0.5 12 o
&~ 1, B
0 - 0
o 1A @ sQ
e tﬂ‘-s 6.\,’1»“* g \55
A ex’b“

2] & 35BHEE b—wave?] W37} 79l glglong, o
uf] histidineS ] 2]3}le] b—wave$} thresholdE =43+ 4
3} Wb} 719) QIQIt}. o]+ histidineo] o}¢1¢] Aol ER
2-8-5HA] oS Tl BRI < Q= AFo|thH(Fig. 8B).
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theksl 4w o] v AS-S 5B ol AA] o E WS
5, iAdZE 5 SOl A=EIND 2)% 30% ML
2 F0] threshold7} YR b= AR S4381500t, oFd3t
histidine-& # 2|8} 9 o regeneration timeo] Zo}A= 74
FE B3low, okl histidine S | A 2jet gl ) =5
O gl & 4 Aot ol= oF<de] retinol dehydroge-
nase°l| AE3Eo 24 regeneration®] 7131 EQ] 7] wjFo|
t}. TSQ A 7] F-of]i= regeneration time®| A=}, o]
23t Adl= TSQ7} o} le] Ao ER 2}-8-3}¢] regenera-
tiong A AAIZ17] vl eHFig. 9).
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Fig. 8. Measurement of relative b—wave amplitude and threshold in the presence of the stimulus light ND2 after the treatment of
ZnCl,, histidine and TSQ in addition to NRS, (A) The decrease of b—wave and threshold after TSQ treatment showed that TSQ
acted as the chelate of zinc. (B) There was almost no change of b—wave and threshold when TSQ treatment was followed by

histidine treatment.
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100 -

Background Light (ND)

Fig. 9. Measurement of rhodopsin regeneration time. There
was a shortening tendency of regeneration time after treat—
ment with NRS, NRS+Zn, NRS+His or NRS+Zn-+His, How—
ever, regeneration time was prolonged after treatment with
NRSHZn+His+TSQ.

3} histidineo] NRSol| H71Eo 24 FA=A] 2F4 241
of thsh Who] 28-S g2 o] u|gkth(Fig. 10 A, 10B).
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ARl HFF= gHtollA o o}l microligandel] 2
o] Bruch’s membraneS £3}¢] 3H2kw] o] o

o g s AT oBdt ek A% ] AER o
=3} o} 918 metallothionein (MT)o|Y melanin®} 2 3}s}o
neuroretina®. ©|F8}aL, FAp=ol ok wrf Al o] FH
(rod outer segment, ROS)©] 2h-g-of] of3f) A= o] gid of
o] FH|Ho] AZAY ] g ofd F=7} 57 g
A FAZS 8 neuroretina 2 5E ofole- A
A FgA o] YRR ojFe & AlZ A4
Thednka} gerghet, B8 o i) A EA}
A 2 23w At B SR 2R ofd

o] FZo] dofual, = oFde NMDA &AL calci-
um—permeable non—NMDA F~&A| & 7373} 21744 A

2 So71A glycine 584} GABA, F879] 48

< 2N 7IAY NMDA glutamatergic 83| ] 2H-8-& #]
gt w3l Hel AZUE §9YE ol GABA thALE
Aasto 2 e AEe} o2 AFAZE 7He] GABA-

L2 nEZCgole] 75 WAAZ|AL ROS HAS 2138k
o olate] ekt 4 AR Ftel obele 0
(Ugarte2} Osborne, 2001; Redenti®} Chappell, 2005), o]
A 5ol obede wutat ok Az s Aol 3
AstA| 24 2Hg-8H | F-8A A= e A, BR-H
T s Ageitt, Bk FAt=dl gk 25 v =
3}, retinal synaptic transmissionS ZA3s}aL, F-8-3
o YYARANS WYAFE] Bolsha QthLeure—
duPree, 1981; Truong—Tran ‘&, 2000; Akagi 5, 2001).

spere] Bl Azols ebrjel 25 ABAGIASs o
27| GABA, F&Awro] EAg. GABAZ} HE A
GABA, %8410 AgH I o] $4lo] HAysh=tl, GABA,
FgA ol 2l oJ2] 7HA] inhibitorEe] A% K-¢ol] AgHH
o2 I o) §38 Avkaiet, 1 %) i ohelo] o}l
At Tl dekebd a9 e AaAH o2 A4
© 2 b—waveZ F7}A7It}

B A oAM= A1 Aol thek of o] matel o<l
gk So]idg 71z ZYolERA TSQ, histidineS *] 2|3}
Bo A WUHISE S0 §4 25 499 A3t
Eo| et ofde] AARIAIE ERletylon 1 A=t
S

AR, 474 sxo] ofd A2l F A=3-5 SRl w
2} ERG b—wave$} threshold?} Z7}8F Tt Histidine =3+
A=35 S7HA 1% ol w2l ERG b—waved} threshold7} &
7Fskict. o] oF<d¥} histidine©] visual adaptationo]] 3¢
s Uil 292, 1) ofd 2 A AlAA ol Y=
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Fig. 10. The change of absorbance after treatment with ZnCl, or histidine in addition to NRS during (A) dark adaptation or (B) light
adaptation after the exposure to the background light ND 0. Treatment with either zinc or histidine in addition to NRS resulted in

the increase of absorbance in both cases of dark adaptation and light adaptation.
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