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Effects of Potassium-Channel Opener on Thallium-201 Kinetics:
In-vitro Study in Rat Myocyte Preparations and In-vive Mice
Biodistribution Study

Jaetae Lee, M.D., Eun-Ji Kim, M.S., Byeong Cheol Ahn, M.D., Kang Kyun Sohn, M.D.
Kyu Bo Lee, M.D,, Jeoung-Hee Ha, M.D." and Chun K. Kim, M.D."”

Department of Nuclear Medicine, School of Medicine, Kyungpook National University,
Department of Pharmacology®, Youngnam University Medical School, Taegu, Korea
and Mt. Sinai School of Medicine™, New York, N.Y., USA

Background : Potassium channel opener (K-opener) opens ATP-sensitive K'-channel
located at cell membrane and induces potassium efflux from cytosol, resulting in
intracellular hyperpolarization. Newly synthesized K-opener is currently examined for
pharmacologic potency by means of rubidium release test from smooth muscle strip pre-
incubated with Rb-86. Since in-vivo behavior of thallium is similar to that of rubidium,
we hypothesized that K-opener can alter T1-201 kinetics in vivo.

Purpose : This study was prepared to investigate the effects of pinacidil (one of potent
K-openers) on the TI1-201 uptake and clearance in cultured myocyte, and in-vivo biodi-
stribution in mice.

Methods : Spontaneous contracting myocytes were prepared to imitate in-vivo condition
from 20 hearts of 3-5 days old Sprague-Dawley rat and cultured for 3-5 days before use
(5X10° cells/ml). Pinacidil was dissolved in 10% DMSO solution at a final concentration of
100nM or 10uM and was co-incubated with T1-201 in HBSS buffer for 20-min to evaluate
its effect on cellular Tl-uptake, or challenged to cell preparation pre-incubated with TI1-201
for washout study. Two, 40 or 100ug of pinacidil was injected intravenously into ICR mice
at 10 min after 5uCi TI1-201 injection, and organ uptake and whole body retention rate
were measured at different time points.

Results : Co-incubation of pinacidil with T1-201 resulted in a decrease in T1-201 uptake
into cultured myocyte by 1.6 to 2.5 times, depending on pinacidil concentration and activity
of TI-201 used: Pinacidil enhanced TI1-201 washout by 1.6-3.1 times from myocyte
preparations pre-incubated with T1-201. Pinacidil treatment appears to be resulted in mild
decreases in blood and liver activity in normal mice, in contrast, renal and cardiac uptake
were mildly decreased in a dose dependent manner. Whole body retention ratios of T1-201
were lower at 24 hour after injection with 100ug of pinacidil than control.

Conclusion : These results suggest that treatment with K-opener may affect the
interpretation of T1-201 myocardial images, due to decreasing thallium accumulation and
enhancing washout from myocardium.
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o) FEe AEue K'52E MYstd K'9
AXY F&S oista, AXe HAYE K'9 HY
Agle] wWgoez EIAZL o9 AR Ca',
Na', CI' o] &9 W&ol #aHn AxTe] g&5
3} FEAo] A, HEZo| o|gH o] @]
dojyirt, ojs} & FANFEE A VAR
A K'ERe dge] deixy, 2% aEYABAR
AHgEole HEZ o|gAg] Fgrlde] K'EB2E
gkl givkz 887 olg K'52d g 2 dF
7t AFHD AP, oY F2e AtAS BF
g XNzAZ AEHr] AFEAL, “K' cha
nnel openers” X "K' channel activators”(K'
Szt dyEHiY. K'E2AEAE o9
= A2dAe grAuzyg A2 JE-AdF &%
ol wolas), 7j@A 259 I 7 A8A
2A9 7154, 71573 WHe RFExdNY ARk
H5o02 2$ A8AZA 4ol Frketn Yo
¥ dAAA gEA K+EZ/AMAZE benzopyran
#=Al(cromakalim, levokalim, bimakalim, BRL-
38226, Po31-6930), cyanoguanidinef = (pinaci-
dil, P950, Ly222675), nicotinamide(nicorandil),
thioforamide(R049356, RP52891) S°] 13, 71&
o] minoxidil, diazoxide ¥% K'52Z& /sl 3
f|o] 9o BHHL ®I} K'F2E AdHez ¥
A F e AEYH 5492 apamin, charybdo-
dHA3, A7 E FGAAR gEA
sulfonylurea#] 9] glibenclamide®= ATP-sensitive
K’ channel& #H#3th= Ao #dgozy K'§2
£ Mt Az OAE st J4AF, 28y,
718A] A2gAle] AR 1 o] go] B FristEzt
Bogc?,

NZo] §A48 K'E2/MEAE 1 388 J=&
rubidium-86(Rb-86) E3Hgd wiFdelA Hesto
AEue] Rb-86°] A=A BEZ FHANA o=
o ¥ Rb-86e ¥WiE AxE kgt
Thallium-201(T1-201)2 ¥EF ®Ed HH5HH
A7l AHEE AEE QA8 A2 € 29 FH
7ol o]&5o ity Thalliume potassium %

toxin'g-°]

rubidium} AelAs BEUH LI FARHE
2, A4 YeIN FuALAL 3 FAZTAAZ A
25 K'E2/4A4E TI1-2019 Ay HEgd] o
¢ 4 & geds T + o & d7EK
S2ALAZL TI-201 958 s FUE T3
24 she |8 ATEA, WRHSATAIN K'F2
ARAZE TI-2019] A% gl vl 93E ¥
33, FEAUES Fo] K'BIALA Al
APAes TI-2019 E¥e| e 4% ¢zA
ol 2 Bo] gtk

Nz 3 4y
1.0 2

Pinacidil(p1134, H20)& Leo Company®lA T8
A3, 10% DMSO solutionol £3)Azl &, A2|A4
$2 go¥ =2 st AHsTh Ca”l,
Mg’ ~free Hank’s balanced salt solution(HBSS)
(g/S 8.0 NaCl, 0.4 KCl, 0.05 NasHPO4;, 06
KH,PO4, 0.35 NaHCOs 0.01 phenol red, 1.0
glucoseE, ¢14kghE-8<k(phosphate buffered sal-
ine)2 NaCl 6.8mg/i, KCl 04g/l, NaHPOs
0.21gm/l, NaH.POH0 0.06 gm/l, glucose 12.6
gm/1Z 33 FHSF 1000mlE =9 § g sl
ALeslE R, AEEIYELE 0.15% trypsin (Gibco
1:250, USA)#} 0.1% collagenase(Sigma, USA)E
23 Alg-stgnt AEu|UAL o -minimum essen-
tial medium(Gibco, USA)el fetal bovine serum
(Gibco, USA)E 10%37tsld AHE3l9, incom-
plete a-MEM AEujddolr] HAHE AQJg &
A& A8t

2. YA MZMZQ BiS

AZAEE BWA(rat)e] AAolA AREH, Aol
Aol zAI n£g AuE §23n4 Kastend] 3
W) o5 AxpulFE F, ALHY FEHAHE A
ANA AFE AT & A 3-5¢U9 9N
(Sprague-Dawley rat, th3LEFEANE TY3H,
HRE AEF F4E sty 43S HEsAt
10-20ut2] el WAAAS FElz @ HEHHANA

ez 2AA JE ¥ iron meshE FFAZAL o]
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o} 37C HBSSEHo1A 0.15% trypsino 2 3-4xH
AEXE 2Esdn dAEes 847 =34
5mle] MEM&Roz2 BJFAZth hemocytometer
Z PRIy AESEE Adsie) 5x10° AX
/ml® T2/t 922 A8t 35-ml petrigAlo] o]
2Bkt 1-3A3He<t widste] petrigg Aol F2Hd
WIMEE Bdstn Efd ASAEE &4 AS
St 4-5UF wjekshe} HAle A} AN A

ol AHE3IA
3. MEZW thalliumiFE &

ASAE FES MSHA e B {EE) 4%
e Pald] MEL=r) Wi @A steA
AgH o2 FEEE vTo] FAE de Aol
ARGERTE wikE AEEEAA wiSAS AAsID
3-5uCi®l T1-201(Dupont USA, specific activity
2.14><105Ci/g)‘% X338k 2mle] HBSS ¢4H&598 3
Jhek 3 37°Ce AXEuigrldA 2083 wjgatsTh
B3 pinacidild 22 100nM, 10uM 2] pinacidil®e)
ZEE SAdA 2087 viFIIC. 2080 HA
F, oo AMEE SE 13]9] HBSSAHA RS Al
Aste] Ros, 37T trypsin S| 3087 Helst
o] M Epellets MHAS] WAbeXE Zepbd AF7
(Cobra, Packard Co., USA)E ZA3gtt AXWY
AFES FA@ FUASAT AXE pelletAHSA,
Z M Xpellet WAFEA/ (M Epellet PAFE 2| + v %A
FAb gAY 100882 ¥AI8Y d=EH pinacidil

HO
AXTe e W
4. MEW SYUE thallium®| HES =

ik AZAEFES 2-5uCi T1-2010) FE3Hg
2mle] HBSS$HEHS 37T2) wjdrjelry 583 u)
STt olo] FENA el AL @5
Asz 37CY 2mle] HBSS¢E9

S|
K3, 63014 108744 g2FlAs HBSS9EY
© 2 pinacidild @i1+2 100nM 3} 10uM 9] pinacidil
o] xgty ¢FdoR Z4Zh AHSIHom, 11344
158729 AEE FEofA 25 HBSS¢EY o
2 AZsgh gukd AZ7Z 1539 A s o)

Ate] & A XEpellete] HAFAE FAst 4
o] AR A JERENAY TI-201 W& &&
A%rstel wimat ATt

5. 52 MULE

Atz AURZEE E4 4-659 AF(CR
female mice, IFABEE TY9sHd, 479 =
HAZE dE 3-571E) 5 AMEEl] ARSI SuCigl
T1-201 chlorideE 200w Ae]2Fsol 3Aste]
nIAWo g FABI, FAF 108, 30%, 243, 6
N2Y, 24717¥e] halothanevt3tel HANA, Bz}
F94718 AZst] FAE FHstn, FukdASFT]
2 Wals-g SAsle] FAES] g @A A7
A28(% injected dose/gm of organ, ©}3}
%ID/gm)3 EABIATE AWEFE] SHL 100uCi
¢} TI-201 chloride® FAFsta Azt @t dose
calibrator(Capintac, USA)E o] &3] Ao 2
HRAVS A S A5t FAEk did SRATY AW
5SS T84t Pinacidil A& thalliumFA}
102-Z o) pinacidil 4ug, 20ug™ 100ug-S 100u A&
Adse gAA megdoR FASIALL, thall-
jumFALS zbzb 30%, 2A1%E 6AITE, 24A17 T2
wog FAPNA A7IRe AHE ok dE2TH
v sl E3F pinacidil 100ug-g& TI1-2013 FA]
o] AHMZEALELAL, pinacidil 100ugS EZFA 3
108l TI-201% AWFAse] TI-2019 AWEEE
AR

i

4 1

1. Pinacidil AZ2MZLW T1-2012] Mz(0 OjXl=
A&k (Fig. 1)

Pinacidil& @ Alel AL&-€ TI1-2019] WAls 3t
ool 2 petriBAU AEAE A= wel Ao
7t Ao, ASATW TI-2019) HHE ZAAH
o}, Pinacidil 100nMgZd ez 2087 A 7
Qo= gEAvton g ALl HlEted, 15-47%

AAE ZANZAT, 10eMERoZ wjoket B4

oz vstd 3B5-58%AEE AHE BaAH
. 2y 1uM @) pinacidilel 10uM glibenclamide

A7ek] wiekst Z-$elli= 1uM pinacidilel] o3t

o &orfr
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Fig. 1. Effect of pinacidil alone and pinacidil with glibenclamide on
T1-201 uptake in cultured myocyte preparations.

% Washout

80—
o]
20
0]

control

5

10 15

Tube Number

Fig. 2. Comparative TI-201 washout ratio from myocyte preparation pre-
incubated with T1-201 by pinacidil.

Ti1-201 AHAAAEL 10-20%AET x5 &
U Th

2. PinacidilOl MIZL§ T1-2012| Hi&E0) 0jx]=
A& (Fig. 2)

13]9] 3ol 3R HELE ALt SAEY
&), pinacidil& AEWE FYAZ TI-2019] vj&
€ 1.6-3.1974 F7FNZch HBSS¢HE9E A4S
19N 5¥7x e AEW TI-2014E82 A T
A Ao, 6364 10W7kx]e AlE e
HBSS¢Z S A3 #9] 2371421, 2622+
1.6, 24.75+0.98, 1947£09, 22.6+1.9%d H|sld
100nM pinacidite] E3FE 4FHL AL Lo
50.38%£1.2%(2.149)), 48.9+1.16%(1.8641), 349+

1.8%(1.068), 12.76£0.42%(0.641), 104M pinacidil
Aol  73.6+9.85%(3.14), 35.414.4%(1.3H)),
19.3+3.5%(0.784)), 12.5%2.86%(0.644), 8.8+3.2%
(0.39u)e] TI-201% wiEAZth & 100nM-S 2003
%, 10uML 3MAER {E& /MRS ¢+ A
o1} pinacidildl 1% TI-201¥1%9 Z7184& &
%5 2559 pinacidildgdlls 238 W& &
284 #FFHA Pinacidilzizlel olo] 11¥A
159714 HBSSgS 4o thA A3t E pina-
cidil 2l #olM e MEEAst= A58 & + AR
1=

3. Pinacidil0] W T1-201 S0 O|Xl= HE

T1-201¢] A3 A ANEEY (Fig. 3): A
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% ID/g

blood liver spleen kidney bone muscle intestine lung heart

Fig. 3. Biodistributin of TI1-201 in normal ICR mice at different
time points after intravenous injection.

%ID/g
] mm 10-min
] am 30-min
50 i mm 2-hr
] cm 6-hr
7 =m
30
10 —

blood liver spleen kidney bone muscle intestine lung heart

Fig. 4. Biodistribution of TI1-201 in mice treated with 100ug
pinacidil at 10 min postinjection of TI1-201.

AF 2 A FuFAlE TI-201L w2 R4 o 1% )
2450} FAE 1089 e FAES 0.94%/gm(0.94 = = ]
%ID/gm)o|3te] WAlEo] o] Felglglon, Fa 3, Ags A% WAEAE ERERT QoA
719 BYFAD H3HEL AFo| 57.8%ID/gmE A 1 A1

74 wkm, AH33%ID/gm), H(14.6%ID/gm)e] 1083} 3089 Z7lo R¥ ®o] ZAHUTE 2
TME FHo| gl &%, W, ui/27ge] WAEA AZan Heo WAlseE fA e th(Fig. 5). Pina-

T 24XNAAE wEgo] Ao, 743, 8, A cidil® TI-2013%} FAle) T4 399 T1-2019 A
2, H, ARl wabeAE Akl Aol whE) 244 WEEE dzdd dste #F93 Aolg ARE F
7R a0t St 2Yg-e A=), Pinacidil 10ng, 100uge %4

Pinacidilf¥o+¢] TI-201%%: PinacidilFA] & 3 Fo A9 TI-201 AF&S FAE 6A0E

k] mwat Frjuel TI-2019) B¥E Watgct
(Fig. 4). 2ug, 40ug, 100ugS T1-201 FAME 10%

Q2F SARBIG oL, 244 IR FEe] 68t
3.8%, 10ugEAFe 66.7+£25%) B3] 100ugF
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%IDIg Liver

N b

cont 2-

40- 100-ug

cont 2-

Fig. 5. Comparison of TI-201 biodistribution in mice treated with 100ug of

pinacidil at 10 min after injection.

(P<0.05)
% Retention "_"—L‘_‘
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control 4-ug
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Fig. 6. Whole body retention ratio of T1-201 at
24-hour after treatment with pinacidil.

oM E 54.8*T4% 2 Ao ze] dalsuAde] &
7kt Ao}, tiEgtely 10ugdtal nlsle] Aoz
9] #j&o] F-o3A F71E RN eHp<0.05)(Fig. 6).
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T1-2012 potassium$AMM 24 Sapirstein® 2®
o oJAst HFe BXo vl sle] 2o A
AREEAAH, BEH AXT MHIHe2 #AF
Byate] A, AZAERE 24, 2% g 2 A7
F gt ol gz Jf . F2R 99 TI-20143)

= AETe) Na-K-ATPased] & 552 43
ShosARel 9% £EH A Jste] Yot
o, 4AREE F2RHY WK, £28 AE A2
A8 Qf(backflow)o] 95t ZAdTn 3t &
3] AELE T8 558 % F5AHA AdAs AxA
EX Bty 7]20] He Fa% 7|H2o2A, Arbab
52e  A¥welEs  Na-K-ATPase®  AAlshe
ouabaing #H7}slY i ZAEURS] T1-2014#
7} 55-67%2AHATHL Bud vzl ok A=
o] TI-2014FHE Z7M71e ¢Al23E adenosine,
dipyridamole, dexamethasone, isopreterenols©|
21al, adriamycin, beta-blocker, lidocaine, nifedi-
fine, oubain, furosemideX& <& AUz 44
g #2AZgn gEA go. olEE gAEe A
ZFEFY L WAL #AFHERE FEAI
ME2e]l Na-K-ATPaseZiel zZHgsie] A2y
TI-2019 58 9FE A Aoz g4 U
AZA T AR T1-201 wjES AZAZ} Y}
olo] ¢k}t TI-2019] =Rl o5t AAHE
2, DA E AGAZAA wlEe] wan do
W TI-2018] B=7F o9, A2d rteld =
o] zpol7t AL FER3: TI-201 42200 A &0
=gt P gy 2 dTASe] A8AT ¢
39 T1-2019] 9% Na-K-ATPasecl ¢34
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AR7F S7EA ol ASBFFHAR AMEEY 7L
ojgg Aoz Bnd vlE Utk Leppo 579 A7
o o8k AU TI-2019%8L 2318 rubidium¥
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e XA R FA2EA FFHELE AA 9%
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=}, 23U K229 A9 glibenclamide: pina-
cidil®} o)eldt &S FEHoz 7S oz
pinacidil¥} glibenclamide?} thallium95-&e] ©vlx]

qge REHOZE ZE K-E2 A&3AT
R e K'B24, °L%2d FE4F 7154
WA 571 ok XE7A e K-529 F
4099707 @tk Gollasch %2 ATP-
K-ZZ#H4A121 10uM tetraphenyla-
mmonium-2 pinacidilel 2§ #FFH FF}L-&
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cidil®e] AZUWE FAA TI-20181E 34
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Bog AANF F AEY & WALFAS dEzTH
AR o) Fol A UEhE HEoZ Hol dA
A9l o} 2229 vy} A#=EHG o]} FEFh

A ZAE T1-201¢) 59771 AgedAE 5
2, %2 180l3, vtadH el sdAE 298A =]
I, AFo] ety AR AurEgel & 4H9
76]

zzg= 930 pinacidile 9

4t

e n fir

rie

sensitive

- 513 -



— KEIZEBE  H3048 H4% BE H60H 19%6—

g TI-201FAF 1083Fde A2Ue) WAs4d3He
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g dAoz A= ol 1E&F pinacidilFoIAl
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