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Abstract—We have previously shown that determination of glucose uptake using o-methylglucose(o-
MG) is very sensitive and rapid parameter for the assessment of loss of cellular function in renal cell
line(LLC-PK)). The present study was designed to elucidate the mechanism of inhibition of a-MG up-
take and the intracellular site of toxic action of cisplatin{CIS). LLC-PK, cells were exposed to various
concentrations(5 uM~100 uM) of CIS for 5hrs or 24hrs and o-MG uptake was determined. Mi-
tochondrial function was evaluated by measuring intracellular ATP content and MTT reduction. The ac-
tivities of marker enzymes for the basolateral membrane(Na'-K* ATPase) and brush border membrane
(alkaline phosphatase: ALP) were also measured. CIS treatment significantly inhibited the a-MG up-
take in a time- and dose-dependent manner above 25 uM for 5 hrs. Intracellular ATP content and MTT
reduction were affected by 24 hr-treatment of 50 UM CIS. The activities of Na'-K" ATPase and ALP were
significantly decreased at 10 uM and 5 pM of CIS for 24 hrs, respectively. The incubation with CIS for 5
hrs had no effects on the intracellular ATP content, MIT reduction and the activities of marker en-
zymes up to 100 pM. These results partly indicate that inhibition of @-MG uptake by CIS may not be
attributed to the disturbance of mitochondrial function or inhibition of the activity of Na'-K' ATPase
and can be resulted from direct effect of CIS on the Na'/glucose cotransporter in brush border mem-
brane. This study shows that additional mechanistic information. indicating the intracellular site of
nephrotoxic action, can be gained by coupling the «-MG uptake and ATP content or the activity of Na’-
K* ATPase.
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Al2Zge 3-(4,5-dimethylthiazol-2-y1)-2, 5-di-
phenyltetrazolium bromide(MTT), alkaline phos-
phatase(ALP) assay kit., ATP assay kit$} phos-
phorus assay kiti= Sigma Chemical Co.(St. Louis.
MO, USA)e28E TYsHen, a-(“C) methyl-
glucose™ Amersham International PLC(Amer-
sham UK)ZRE 7433t

LLC-PK,2| MIZHl2F 9! eHEXME|

LLC-PK;, AM¥¥x American Type Culture
Collection(ATCC CRL-1392)2.2Z%¥ 195 AHE
%o} 197~200 Alh & A8l vix] = 3% fe-
tal bovine serum(FBS), Y2 =&(100 U/mD 3 =
EREvto]lA(100 ug/mb el E3E medium 1995
AMEEIon | 3~4uieh Aol 3}9\15}. 155
497 wjx & e ¥ A|l2Fee e 0, 5, 10, 25,
50, 100 uM ¢} FEZ A3l 5 A|7F B 24 A7t

Sk wskict,

o-Methylglucose uptake2| &%

AZZ culture dish(60x 15 mm)oll #i F Alx
Zeldow AH2slx Hanks-HEPES buffer(pH
742 28 AHE F 25%(w/v) BSAS (MC) o-
methylglucose(1.0 Ci/mD7} 8% Krebs-Hen-
seleit bicarbonate buffer(pH 7.4)2 wi¥stich.
Uptake7} vt Al MX¥E Krebs-Henseleit
bicarbonate buffer(4°C)2 3¥ A&s 2N
NaOH 1 miZ 7}sted 37°Coll A 2417F 54t SR A] 7
HEE g8t S3E AE9 Y+ Insta-Gel
XF(Packard. Downers Grove, Illinois. USA)E A}
£3}4 liquid scintillation counter® HAbs 3 &
Aala AR gl Pl A&l

HIZLH ATP &2 &3

AEZ culture dish(60% 15 mm)oll wiF3te] Ajx
Zo8le a3 ¥ phosphate buffered saline
(PBS)o.2 29 MAH3L31 12% trichloroacetic acid
(4°C. TCA)E 500 W 715k AIEE 22 % 500 ne]
TCAE ¢ 7+t A A3 g3lct. 3000 rpmel
A10871 GAERIS F AS9e Told 12M
KOHZ #3338t ATP FAd Alg3ln FHS 1M
NaOHZ 7HriEsl ¥ dide JF3do.

ATP %<& Sigma kitE o83} Adams?] g°e
2 24334 0.3mg NADHY 18mM 3-phos-
phoglyceric acid 1mi, & 1.5mi¢t 45 0.5 mliE
7}8kE B2 reference® 3t 340 nmoll M 7] §3=
£ 22319t ukedd] 0.04 mi¢} glyceraldehyde
phosphate dehydrogenase/phosphoglycerate
phosphokinase £4- £3t4-g 7}8te) && reference
2 §d 340 nmelA 4 FRxol =2 wrtA &%

Z 2R3 ATP 32 2 359 3% 3%
& xpo|Z FE] Tt

MTT assay
11] FZ 24 well platedll FFao wjFg & A|l~Za}
© 2 At AEEF A2 F 1mie] MEE )
Zli @& 1 mi®) phosphate buffered salinedl
MTT 5 mge] 3¢ AE well B 100 WE 713+ §
37°CollA 3 A1ZHet vidakct, vk F 1800 rpmel
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A 58 A Ealstel wixE 800 wE AAsk 200
w97 3 dimethyl sulfoxide 1 miZ 718 AR
formazang =%t} ¢ 8948 96 well platecl] &7
microplate reader(Molecular Devices, USA)E A8
8led 630 nm(reference wavelength)$t 570 nm(test
wavelength)ol A F35 & SA4s)sch

M| Betoljo| XA

HEE culture dish(60x 15 mm)ol) ujokato] Aj~
FelRle A & wizlE AAsln HMEE PBSE
29 MHRsgT. AEE 5mM Tris-HCI% 0.9%
NaCle] ##-¥ PBS 500 w2 harvest 3 ¥ &3}
#417](60 Sonic Dismembrator, Fisher Scientific
Co.)Z level 7oA 187 &8, 5000 rpmellA
585 4TS 45de 52 84 XL A%
ANBE AMEE

Na‘'-K' ATPase §tM &3

Na'-K" ATPase 84< Schoners'"e] woz
pyruvate kinase7} @ojdh= W& o)-&alo] A5}
Aot dAyFo] M¥E dgdg 3mM MgCl,, 3mM
ATP, 130mM NaCl, 20mM KCl, 30 mM his-
tidine®] #-H-€ W ANA 3087 WwEAIZ F 25%
TCA 1 miZ ¥&-& £2A7112, 3000 gollA 1087
A4 Bl F 45 AL H3le Fisk-Sabbarow )"
W o2 ATPERE falsle #7]90E Sigma kitE
AMgdte sl Na™-K* ATPase 842
ATPase B4 M ouabaine 2 AAIY FAS A3
oz st

ALPS| §iN &F

ALP9] B4 Bowerset McCombe) el w}
2} 2339 t). 16 mM p-nitropheny! phosphate. 4
mM magnesium ion®] ¥ Sigma kit ¥-g-<loj
AE Hepol S 7hslo] whE-& AlRMAT] T 405 nmol A
127 3= 534359 3% W32 2§ ALPY
g4¢& 238t

CHiy

chulal AL bovine-y-globulin® ¥F B2 = 3}
o} Bio-Rad protein assay kitZ AF&3}lod Brad-
fora ¥ o 2 ReFsich
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EeHR S 24A7 A3 Bl 5uM FERE o
MG uptakeZ} ZA3H0.20 25 uM *z2lol 9ale]=
W29 50% 7] 2astgrt.

AMARRIEIO] 2i8t 0-MG uptake 2}471H

AzZelelo) 93 o-MG uptake 742 golo =z
© VEZ=gole 715 A3l Na'™-K" ATPase?] &
A A8t 2 Na/glucose cotransporterol] g A4
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Fig. 1 — Effect of cisplatin on a-MG uptake.

LLC-PK, cells were incubated with various con-
centrations of cisplatin for 5 hrs. Values are ex-
pressed by means3S.D.{(% of control) of three
separate experiments. Asterisks indicate sig-
nificant differences(* : p<{0.05. **: p<0.01.
Student’s t-test) from control group.
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Fig. 2 — ffect of cisplatin on 0-MG uptake. Fig. 4—Effect of cisplatin on viability as assessed by
MTT assay

LLC-PK, cells were incubated with various con-
centrations of cisplatin for 24 hrs. Values are
expressed by meanstS.D.(% of control) of
three separate experiments. Asterisks indicate

significant  differences(* : p<0.05. ** : p<0.01.
Student’s t-test) from control group.
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Fig. 3 — Effect of cisplatin on intracellular ATP content.
LLC-PK, cells were incubated with various con-
centrations of cisplatin for 5hrs or 24 hrs.
Values are expressed by means+S8.D.(% of con-
trol) of three separate experiments. Asterisks
indicate significant differences(™ : p<0.01,
Student’s t-test) from control group.

(1:5hrs, B 24hrs

oA 28-S MAE 5 Aok A AFeEe) nEZ=q]
olo]] g P BnA AT ATP & 543 2
I A aEES SAE HEd A BE sRolA A
U ATP el oA e Wsyl #asx] gt
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37} B A dgkort 50 uMe FEAAE 238
i x79] 150% 2 718k chFig. 3).
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LLC-PK, cells were incubated with various con-
centrations of cisplatin for 5hrs or 24 hrs. Values
are expressed by means+S.D.(% of control) of
three separate experiments. Asterisks indicate
significant differences(*™* : p<0.01. Student’s t-
test) from control group.
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Fig. 5 — Effect of cisplatin on activity of Na™K* ATPase
LLC-PK, cells were incubated with various con—
centrations of cisplatin for 5 hrs or 24 hrs. Values
are expressed by means+S.D.(% of control) of
three separate experiments. Asterisks indicate
significant differences(* : p{0.05, **: p<0.01.
Student’s t-test) from control group.
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Fig. 6 — Effect of cisplatin on ALP activity.

LLC-PK, cells were incubated with various con-
centrations of cisplatin for 5 or 24 hrs. Values
are expressed by means£S.D.(% of control) of
three separate experiments. Asterisks indicate
significant  differences(* : p{0.01, Student’s t-
test) from control group.

D:5hrs. @ : A4hrs

Zgee 5AE AMad A$ 100 uMel =74
Na™-K* ATPased &4l 94 e Wt a2
57 ggier A AZEEE 2447 M@ A Sol= 10
uMe] Ewdl d2F9 85%, 50 uMel FEANAME
63%Z Na'-K' ATPase?] &4jo] 23o&H oz &
94 QA B Fig. 5.

A ~ZepElel] 93 a-MG uptake #1317} Na*/glu-
cose cotransporterel] ot 23 x| 2H8-ef o A<
A& HiiAl brush border membrane®| AF &A1
ALPS) 848 2743 d7E Fig. 60l JepiITh Al
2 Z% 0] A7 Al Elof} sl 100 pM7HA] ALPY)
Aol fo4 de A7t Tk 2403 M Alelle
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ATP is a driving force for the Na'-K' ATPase which creates a sodium gradient across the cell membrane, allowing
Na"/glucose cotransport to proceed as a secandary active transport process. The intracellular ATP concentration de-
pends on the oxidative phosphorylation in the mitochondria, which is dependent on functional intergrity of this sys-

tem and substrate(S) availability.

Scheme 1 — Schematic representation of a proximal tubular cell indicating functional relationship between intracellular

ATP concentration and a-MG uptake.

A 5 Q= A HYL el v gk ”

B A= A XA A o-MG uptake =3
7} 7| glucose uptake®} HHE o 715 ES Hrt
Fozy SH4EH] A 2o} BRI NE
Bate] Bz siglon AFSAEERE AIAE
B8 ALt o-MGE ©]-83 glucose uptake &
4 A NSt o) Aol o)t Fmet WAzt
o]EX o2 a-MG uptaked] 747t AT

a-MGE apical membranedl & Na*/glucose
cotranspoterg A3t THH =L OE FrEHY o]
A& basolateral membrane] ZAsl= Na'-K*
ATPased] 9J3}] #x 5+ sodium gradientoll &
oh T3 Na*-K' ATPased] B4 Al¥u ATP
T &3 olE mEZECg o} 75 ZH T,
whA] gkl o2t BAGF g FitolEkx Felrt Ao
U o-MG uptake?} 483 A do}. & 5482
o 2l3} o-MG uptaked] Z#AE HAEAo] Na'/
glucose cotransporter £ Na'-K*™ ATPase] 4
&2 v A A el 5= glen], nlEZEg o} 7]F F
o Futdle] AEW ATP o] #5531 f3d &
2 eH(Scheme 1).

A &ZaEl 2%k a-MG uptake #47t | EEE
gote] 7]%s AAlol] ot AUYAE Bt FHT AX
Ul ATPS] 2 AjlaEetel 5A17 Aol sy =
100 pM 7<) ¥3h7} gl o, 2407 Ml Aol 10
uM 74 fo4d s Afolrt BREA sk, 50
uMelME 2318 F718tnt. vIEZ=Eole] 7|5
2 49l E ANFE2A vEZ= o] A EF A

w
FUEE

=

¢l succinate dehydrogenase® A& KX
MTT assay& 2AEAE MTT assaye= dolsle
A ¥9] nEZ= ol succinate dehydrogenase®
A4S &35t AT viabilityE Hrlshs wie
24 LDH leake test®} 87 in vitro 5373 % A 32
da) g, A2 547 Xl 9siAl= 100
UM 7HA] G o] TAF A Fgkar, 24417 Aol 93]
A 50 pMBE] 247t BAEA o8 d g |
Fol B Al2=Eetee] 9% a-MG uptake Z4d
A& AN2EEE ] v EZEEole] 7% S Ao
24 FdE AL ohd o2 Hus Qi)

Na'-K" ATPased] ¥4 AN AlA&
€ 5A1ZF AgjAlelE 100 pM 7HA] W} gidle,
2417 Aol YA E 10 uMFE 94 e 24
A7t gAY, 22y AAE-E 4% a-MG
uptake ZA4#Ae] Na'™-K* ATPase A4 3wt
A3tz Na™-K* ATPase $44317} a-MG up-
take ZHAel FEH o2 o] 9ot AP U
2 opd Aoz AAHAT) 7 AAZHE 50 pM
o] 24A1ZE HEA] AEU ATPS] %ol F713 dAE
Na*-K' ATPase®] 8443}l u}& ATP 2523 7+
2ol 23 RoZ A7,

A =Zg}elo) o) o-MG uptake A3te] = tl&
210 g Na”/glucose cotransporterdl] thek A3 o
AzZHg-g Ak = ok a-MG9) uptakest dojut
¥ Na"/glucose cotransporter= brush border
membrane®] €314 ©] membrane®] A EEALE
alkaline phosphatase®] 2.2 A|2~Za}gl¢] o] REoj
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8ol 1 IA B3 Ao E FE5|0,
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A3 37 glucose uptaked) #HAH o 75L& =3
oz AY=AEFY SASYIAY BARAE
FA &= f-8-3telet BdE A
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