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Investigation of transporter-mediated interaction between cisplatin and silver sulfadiazine in rats

Yuichiro Oda, Muneaki Hidaka and Akito Suzuki®

Abstract

Cisplatin (CDDP) is a platinum complex and is used for treatment of solid tumors. CDDP administered
intravenously is ingested into the cells by copper transporter 1 (CTRI1). Silver sulfadiazine (AgSD) is a
topical antibiotic that prevent wound infection. Ag is reported to inhibit the mechanism of CTR1. We
examined transporter-mediated drug-drug interaction using CDDP and AgSD in rats. The serum
concentrations of platinum in blood and in kidney and liver tissues were measured. A blood test was
performed to observe the interactive effects of CDDP and AgSD. AgSD pretreatment significantly
decreased the concentrations of platinum in blood and in kidney tissue compared to the control. AgSD also
diminished the CDDP-induced abnormalities of serum creatinine level but did not affect CTR1 expression.
In contrast, no significant change was observed in platinum concentration in liver tissue after AgSD
pretreatment. However, the level of alanine aminotransferase increased after administration of CDDP
with or without AgSD. These results suggest that CDDP administered intravenously interacts with AgSD
applied to region of wound, in association with changing the platinum concentrations in blood and tissue
distribution. The interactive effects of CDDP may relate to modulate the function of platinum transferring
via CTRI1 in the presence of Ag.
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Y A75F > (CDDP) (ZPtHEKIZpH S N A HE
HEGHEO—>THY), MifExIICoL LT, HEHE,
TESER BEELoBEICH LEHIA TS,
CDDPIZMIAZIZHLY 3A F 72 5DNA & ZEAG TR L,
DNADIRE B L UCHEAHET 2 2 EBHSNT WS,
Z OFAMNBNE R TAE AR I2AKFE L, CDDPOHLY &
AR & o 7T N B RE IZCDDPOAE F S 312 5 %8¢
THEEZLNTWE,

2 (OCT2) VY B X UCopper transporter 1 (CTR1) ?
PHEGT 20, W OPDOEREN; T Y AKR-F —25
L 7:CDDPOAMILNLY A E %2 B LITT 2 &35
LNTWwA. MgldOCT 2 & 41 L 72 #ils PWCDDPHL V) 3A
AuFHELY, MEEMehiFeIZCDDPFE ST R B &1kt L
TP REZRTY L OWMENH L. $72, AgiaCTR
1OHERTTHYY, AghkeaLI-AEEY G272~
AZCDDP% #4554 £ CDDPD A& EE B L OliszsN
B AARBEDZALT 5 2 EDHE SN T 59,
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Agl3BBEEH 282720, BETIZAgERZ Y — 4
HELTALT 77 V4 (AgSD) HHEEIEED
WEG M SN TWwb, £72, CDDPZ M\ 7z ik
2BV CEEDORIEHEIIH L TAgSD % 3 2 Fpl
bdHAHY. AgSDIFFZ M EBEMMAICEBAIT S L, Aghiill
HFICEDIIBATTAZEPHILGNTED, AgSDOfH
WICTR1ICHEZ B LITL, MIEA~OCDDPOILY A
A E AL S CCDDPORE B L ORINEHSsH I8
TLIENHEEEINS.

AWFFE T, T v MMZBWTAGSDACDDPD 4N E)
EBXOBMEHBEHICB L IZTHEZHLNIT L7
o, M3 & ONE2ENCDDPHE L 2L, i AL
FIZOWTHE L 72,

MRB LVHE

1. Bis L OAE

7 v MISDAREM: 6 Bl (HART AT VY —) 2 i
L7z, v FHBRESAES X OKIZEEERE L.
BEBIIHIEY A 7 )V12hr, WE23+1T, {260+ 6 %
L7z Ty MIERBEBETCT HUESAF 24T o 72,
AE P X OEH ML, CDDP (Sigma-Aldrich), A&
Y CRIFRE), 7 —Ry®27 1) — 24 1% (HB=2E8
) F W7z, CDDPIE A B AR VAR L CHIWw -,
TP ) = N1 %OEOMEIZIZAB T ) v
(fESRBEE) 2 a7z, SERIALE B X O & 7 OVEREUEF
FRELE X, VI FVI—7)b (HGMEETEE) &
L7z, BERRIL, JUNRERAERE OB FE R B &
DEBEH AT 72

2. #5

Ty M —=RY®71) =2 1% (AgSD& L T60mg,”
kg) F/oiA®BET L) v (6gkg) % 5 HMEERET
PG L7z A= U7 ) — A 1 %D¥5EB X US
FREIA I Ca—Tr—LaBEII LI F—XU%S
V=2 1%DT v MBI HEYBREOKET B X O
M I THRGESHV LN TEB Y, A5
BB AL A~NEA L7256 & R I Agh BITd %
CENHEINTWEY, AgSDFIFHEB T LY V&
5 H Mk G (ArlLiE) L7-1%, 24hriffd L7z e
CDDP (75mgkg) V& % 7213 FLATREHE % REHIRPIC
P L7z, #5811 v MIxd A2CDDPOLDsfE 12
FHOWTHE L.

3. RinB X ONESE L
FEE7a b a— )L % Tablel 12779, AgSD H #5-

g, 24hrfE 2 O SR (B 1mL) L7z, AgSD#%
5 HM# 5 L 7%, CDDP#%#% 5 L 7:. CDDP¥ 5 14
0, 05, 2, 24, 96hr\ZfEZF DG % 1T 72, Jdes 2
BLOEAE xS & L7z, BRIMIZCDDPH5-496hr 12 T
KEMR & 01772

Protocol
Day 0 1 2 3 4 5 6 9
Time (hr)

Treatment

AgSD

O | AgSD
O | AgSD
O | AgsD
O | AgsD
O |cppp |=

Ag concentration in blood
(Atomic Absorption spectrometry)

Pt concentration in blood and organs
(Atomic Absorption spectrometry) 6jo|o|0o

CTRIexpression
(Western blotting)

Biochemical test o]

Table 1. {&EXF T 12—V LUEBRFIE
60mgkgMAgSD% 5 HREIER KL THE L /=1, 7.5mg kg
CDDP % BEIRES L /=. AgSD¥H L U'CDDPD LB DR &
LT, ZhZhAGe7t) oL UEERIEREHRES L /.

4. I AgigtEEIE

I3 % 5050 BE L (1500 % g, 10min), & % #4572, i
&% 0.INHCI+0.01% Triton — X CAML, JFFRILE
FEr HWCAgREEZHlE L 7.

5. I B & ONEE NP E

I % @08 L (1500 % g, 10min), IfiiE % #5372, B
B & OB i, i L R o — SRR R &
A 24hrZEiRTA v FaX— 3 v Ltk 2 2 A
L7z IfiEB L OREHE T & 2 2 101NHCL+0.01%
Triton — X TAM L 72, IEB L OBEERHPORE (25T
WEESERE R & 0 RE L7z

6. IMiEAALF A

i % U3 iE (1500x g, 10min) LT 5 L7z i
% My, Serum creatinine (SCr) 3 & UF Aspartate
aminotransferase (AST), Alanine aminotransferase (ALT)
o M g & AT o 720 SCrig [E 13QuantiChrom™
Creatinine Assay Kit (BioAssay systems) % fifi[ Uil &
L7z, ASTBXUALTIBEIZ N7 > AT I+ —¥CI
TA N7 I— (HDGHERE ) 2 A LllE L7

7. CTR1 ZEHENE

T B & OV IR R, Mk R N i L,
Mammalian Protein Extraction Buffer (GE~NJVA T 7)
AHWCTEREY FAAXL. 2Ok, w0584 T,
16000 x g, 10min) L T LiE% 1572, E{HIZSDSE 2- %
VAT by —VvEINZ, INELEL (100C, 5min)
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Fr7ve Lz, CTR1 ZBiEIEWestern blotiZ 2 £ 1)
W L7z, $if 1, Anti CTR1 Rabbit-poly antibody
(Novus Biologicals) $ & UFAnti-rabbit IgG, HRP-linked
antibody (Cell signaling technology) % i L 7-.

8. FLAlFHIMLEL

T — Z AP R TR L7z, 2 BEM o iR
X, t-testx W72 F 72, SEEM UL O EIZ1E Tukey-
krameriEz H\W/z, A EAK#EIZp<0.05& L7z,

& R

1. I Agiftss
AgSD#% 5 HM#ERE Fic5 L7z & & ol Aght &
DREREZ L % Figure 1 127R" 9. IMARAgigldday 1 T
6.71 £450pg, mLTHY, day 5TI318.62=455ug, mL T
Hotz. AgSDOM H IS IIMPAgigE X FA L7z,
25.0

20.0

_.
N
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Ag concentration in blood
(ng/mL)

0.0
1 2 3 4 5 day
Figure 1. AgSDI%5(C & 3 MAAgEE DZERIZL
Z v MZAgSD% 5 HEERKE T 5 L -BEOMHAgEE DRF
BT ERIE LA BIEICERERFRENEEEA N HiE
FFEHIZERETRLTVS (n=5).

2. IMH B X O SN PLERE

AgSDOHLE 2SCDDPORNENEIZ B L 1T T 2%
Matd 5720, Ifihs X OlRERNPUEREE 2 5E L 72, I
FPR E O #X 5 928 1L % Table 2 (278 9. AgSD® Rij il
Time (hr)

Group
0.5 2 24 96

CDDP 7.56+0.80 | 3.23+0.33 | 1.77+0.16 | 0.77+0.13

AgSD+CDDP | 7.16+1.10 [2.57+0.09*|1.36+0.13*(0.57+0.10*

Table 2. AgSD#SHMHPPUEEICE LIZTHE
Z v MICDDP % BMMIEE5 % /- 13AgSDEBEEE L -, HtH
®E5TId, AgSDESHREIE TS5 L /=%, CDDP%#&5 L /.
CDDPE (A ha—IV) ICI3E®TE) %% 51%, CDDP%#&5 L
7=, BEOAEGEFRLKEEZEZRH WA RPOFEE (Fi
EEAZHE(RZE) FPIOMAEE (ug/mL) 7R L T3 (n=6).

EXCDDP#%5-%% 2 hr A D M PHEE 2 A E KT &

w72 g NPHE E % Figure 2 12789, AgSDO i AL &

1%, CDDPH#%G-E 7 O BHENPUEE # A=K 2872
W5, NFHEN PRI IS 528 % N S o /2.
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Figure 2. AgSDIXE P fEzANCDDPEEICE LIZTHE
Z v MICDDP# Bfhi%5 & /- 13AgSDEHAEEKRE L /- #H
5 TI3, AgSD%E 5 HEIR T#5 L 21%, CDDP&#5 L 7-.
CDDPE (2> bO—J) IZIEABT R > % 5 BHEKRE5E,
CDDP%#%5L7-. (A) Bl L (B) ExHEE L, FH3
B OPLUEE £ FFREXEEICEVBIEL 2. BEIRFH
EEIZERETRLTVS (n=23).

4 IME LA A

CDDPHA % 5 35 X UFAgSD & CDDPH I % 5- 78 1
HEB L O REIC B K IZ T B2 MET L7z, B0
L LTCSCr, HHEmBOIREL L CASTB L FALT %
Ml L7z, SCr, AST, ALTOHIERF% Figure 3 1278
3. SCridCDDPHGINHEIZ LA L. £72, AgSD
L CDDPOFEHTYH, SCrizfFE I LA L7245, CDDPH
PG e e L C LR OREIZ/ NS o7z, ASTIE
AgSD & CDDPO i 4% 5-# C L5 L7z, ALTIZCDDP
5B X CAgSDI G- O VTN T b AR O 528
Boni:.
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Figure 3. AgSD# & U'CDDP#% 5 » BH#EEH L UBFHEEEIC R

=2

Z v MCIAgSDE¥, CDDPE¥, % 7-13AgSD+CDDPHA%
EUL7 HEBES5TIE, AgSDE 5 ABETHRE L -,
CDDP%#5 L 7=. ControlFICid ATt > # B %
MU 7%, MmEECPHREETo7/ BHEEDIBZEE LT (A)
SCr#, FFHEEDIEIZE LT (B) AST, (C) ALT®#ZhZh
BIE L7 BEEFOELIZERETRLTWVWS (n=6).

3. CTR1 #H&=
AgSD¥ 573 E b & DIHFIEOCTR 1 ZEHEIZ B LT
TR A L7z, AgSDHEHIZGHOCTR 1 5EBlE %
Figure 4 127”7, BB X OHFHOVTRIZBNTDH
AgSDFH1ICTR 1 HEHE 2L S E o 7.
Kidney Liver
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Figure 4. AgSDE5BDEBES L URFEICH 1 BCTR1 R
EZ1t

Z v MIAgSD% 5 HREE#KIES L /=, AgSD-8 (o> bO—
V) ICIRABTE) RS L BRESLUHEEEHL,
[E25#E#EP DCTR 1 BIRE % Western bloti& I & WBIE L 7=.
HIEIE B ZERETRLTVS (n=3).

£ =

CDDPIZ b 9 ¥ AR =% —12 & ) MY E~ 6 S
LZEPHENTWD, F/2, Mg, Ag, CurXD4H
[ZCDDPOMBLEL Y AR % B XT3 2 & DS
ENTwa, Kifge<Tid, v MIBWTAgEHEH
i Cdh 5 AgSD & CDDP DA HAE M & M) L7z,

7 v PNDOASDOHEAFLGZ LD, AgDIiih THE
Faism sz, £72, AgSD® 5 H xSt 1l Agii
fE1X1862+455ug mLTdH -7z (Figurel). Leeb id,
YU AICAgE G LB R G 2, P AgiE AN 3
pug/ mLE T LA L, CODPOKNENRE % &b S 8722
EERIELTWAEY, ZOZEths, KR THWE
TH51L T v b TDAgSD & CDDPOAH AL % Mt -+
Bl WELRYGHETH D LR L 7.

CDDPIZEIEH & L CHEREEB L OIFEELEZ 2
Es, INHIZICDDPOFEGHHR T &> Tna,
AgSD® 5 H## 5 (AiALi&) 2SCDDPOREINERFEBIZ
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BIIETEELHET L7020, BHEREOIRIE L L TSCr
%, JHEREDIRIE & L CTALTH L AST & lll%E L 7-.

AgSDOFe 1%, BhEHNPUEE = KT & (Figure 2
A), CDDPIZ L ASCro EF- %355 L7 (Figure 3 A).
AglICTR 1 % 4~ L 7:CDDPOFMAL I Y JA M % FHE$
LIENMESNTVLYY, ZOAHD=ZALITHLH
T7\». Holzerbid, CTR1 ~DCu®£#EIZ X VCTR
1 OFEBENMET L, CODPOHLY AR DA 5
NHZLERELTNDY. RIFZEICBWTT v FAOD
AgSDFEG B THOCTR 1 FEHEIILILZHE = & 42
-7z (Figure4 ). 2NHDZ &EH 5, AgSDORE T
FhE 2BV CCTR 1 TOCDDPHLY JAAKEAE % #0H L
CDDPIZ & 2 BB~ OAMEZBER L /- EZ b5,

AgSDIZIFIE TOHCTR ] B E X LIS ¢ %o 72
(Figure 4 ). % 7z, &Pt ¥ B X O°CDDPIZ X %
ALTO FRICOEEL B XIZE %o 72 (Figure 2B,
3C). —7J, ASTIZEI L TidAgSD & CDDPOHFHIC X
D EHDA SN (Figure 3B). ASTIZALT & g L
JFfEE~— 7 — & U CHREDE S, ARIMER, LF, &
BHmEICL ML T D, ASTICELR AL N2 &
25 AgSDIZCDDP &A1 & 2O EAEH 2 2 L 72T HE
MREZoNBH, TORE L LA OB G O
TREED METE e\,

AgSDIZPtO BN T OB BB L O PP E 1228
fbxd7ob3 L L QICEREICOEEZBLIZT I LN
&2 & o7 BTN DAgSDO A7 1ZCDDP &
MEAERZRZ 2 &R E N7,

A

AWFFEIZ 15 7) % TH 7o AR ST R R S22 58 =R O £
MRS -G, KA& & W ARSI L BT 9
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