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Tacrolimus is an immunosuppressive drug that causes glucose intolerance. On the other hand, ciprofloxacin, which
is widely used in the treatment of infectious diseases, is known to cause hypoglycemia as a side effect. We investigated the
effects of tacrolimus and ciprofloxacin on serum glucose and insulin levels in rats, as well as on insulin secretion and the
viability of HIT-T15 cells. The rats received intraperitoneal injections of tacrolimus and/or ciprofloxacin for 1 week,
and their arterial blood was sampled after the administration of glucose. HIT-T15 cells were cultured in the presence of
tacrolimus and/or ciprofloxacin, and the insulin level in the supernatant was measured. Ciprofloxacin did not show a
significant effect on serum glucose and insulin levels after multiple administrations in the rats. In contrast, rats in the
tacrolimus treatment group showed low serum insulin and high serum glucose levels. Moreover, the coadministration of
ciprofloxacin and tacrolimus resulted in higher glucose levels compared with tacrolimus alone 0.5 h after glucose stimu-
lation. In addition, we observed that the rats administered tacrolimus and/or ciprofloxacin had low body weight and
food intake. Tacrolimus caused a dose-dependent decrease in the viability of the HIT-T15 cells. Furthermore, both
drugs were highly toxic to HIT-T15 cells. In contrast, tacrolimus alone and coadministration of the drugs resulted in no
significant difference in insulin secretion. These results suggest that the cytotoxic effects of ciprofloxacin and tacrolimus
cause a decrease in insulin secretion, leading to glucose intolerance.

Key words——tacrolimus; ciprofloxacin; insulin; glucose tolerance

70213, MHBEH#ER % 0 & LU 7= Pharmacoki-

# netic 72 BE/EAIL M D T/ <, Toxicodynamic

il

Tacrolimus 3 cyclosporine A (CyA) & & HI2H
NI GEEMGIFIT D 2 B, W, O, Pk
O g B MR EL LRI RIER ORE D H 5.
L7=M> T, tacrolimus (N DLEEICHEHT S

YR ESEBR R IEAT, RBREREGERESRE
i S VN = TRVAIN S AWl e S TN = N
B AIEE, AR LKA, @ik ML iR
FEHIRL

*e-mail: kihirak @hiroshima-u.ac.jp

ISR S OMEZINA 2 BENH 5.
A4, e, W4T TRDS
1, DT tacrolimus ZfiIRAL TWABHEL >
T > b T insulin {5 A A7 B PR R B AT N L
T2 EMHE I N~ Y £/, tacrolimus & 14 H
17y MIRO%ET 2 2 & ThithiRERE s o > 7
N AGOMBENEZ S ZEbHEINTY
5.9 35T, MibEGERIED interleukin-2 (IL-2) 2
AHIEM & FEEIC, FKS506 binding protein (FK-



1884

Vol. 127 (2007)

FKBP) #&HERN I Za—1 EEZEHEL
ENOERTBITNT 50N, FNicL D insulin
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AWFFETIE, v hZMHWT tacrolimus & cipro-
floxacin O I fil f2 O insulin 70 W2 KIE T & %
Bt L7z, & 512, HIT-T1S #ifiCH1) % insulin
PEAE R OV I KT TS RETL 2.
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1. =3 Ciprofloxacin (K- « )N )L fH)
KO tacrolimus  (BEIREESER) 18, L DI
BEN SRt 2T 72, MEEERITIE 10% Fetal
Bovine Serum (GIBCO #) Z A7~ Ham’F12 533
W (H/KBEED) 2wz, AR O,
2,3-Bis [2-methoxy-4-nitro-5-sulfophenyl] -5- [ (phen-
ylamino)-carbonyl]-2H-tetrazolium Hydroxide (XTT,
Sigma Chemical Company), 1-Methoxy-5-methyl-
phenazinium methylsulfate (1-Methoxy PMS, [[]{=
{LERTEATER) 2R Wz, T O —it IRk L
NIVEFERL .

2. I 6 JAER D Slc: Wistar RHEMES » MiZ
KAEHY) (tacrolimus 2.5 mg/kg, ciprofloxacin 5.0
mg/kg) & 1 H2[M, 1AMERENICEERSL
o, BEEREIX17—2Y (v M4 2B1T5
BfHHEEEHTE Lz 1 HEEAZ2RG L2005,
24 Rk L, )L d—2Z (400 mM) % 1 mmol/
kg body & #5- L, WEAMRBEITo/k. a5,
FiIE 7))V 3 — X 2 #4510 7ri, 0, 30, 60, 120,
240 B ICIREFHIRE DT o 2. 2O, MmiEdh
insulin J& & % enzyme-linked immunosorbent assay
(ELISA) £12°T, Z)La— R % glucose oxi-
dase (GOD) {KIZCHIEL 7.

3. HIT-T15 #ii2  NL X5 —HKOPE B
2 T&H % HIT-T15 il = T v /=, Trypsin/
EDTA /#iRICTHlIE 2 1% S &, HBEBR Ttz
7705, MEERZ 2.5X10° cells/ml &722
XOICHEIL, 37°C, 5%CO, & F T 24 R

>FaN—hrLJ FDH%, tacrolimus & F L=
B (RRIBEAT 1, 10, 100nM) ITE X, 1 >
FaxX—k B7°C,5%CO,, 24 or 48h) L /=. [6lkk
IZ, ciprofloxacin |3 E#% I8 E A% 26, 130, 260 uM
(10, 50, 100 ug/ml) &75% KD ITHEEKRIZTA >
FaxX—hFEfFo/. 723, tacrolimus & cipro-
floxacin #f % 5 D5 &1, ciprofloxacin (& #&K &
& 130 uM), tacrolimus (F#&JERE : 1, 10, 100 nM)
DRI L 7=, BREL 7215 E K 135 @ insulin
&, ELISA{EZHWTHIE L, #FiE insulin & U
7z. —7, insulin FMWEEEMETT D720, FEEIK
IR RER, BRI AL, 1R >
Fa1X—hF (37°C,5%C0O,) L, TOHEEWEFT D
insulin &2 #l5E L 7z,

4. EMBEBOATE  0.1%XTT A FEIT 1-
methoxy PMS Z N L 7=k Z Ml & & 1T 37°
C,5%CO, &R TFTHEL 4RHMEARIEZITS
7z, XTTEOWOLERER, kK 450 nm, £
Ha% £ 600 nm |2 CTf1-o /=,

5. METE  HBoN A FERMEIZTFEESD T
ZORL, AEREDOKREIZ ANOVA & F W TITW,
BN ZEZ RO =553, post hoe test & /.
2B, fEBRERmMA 5% LT (p<0.05) %A EKHE
EL.
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Fig. 1. Effect of Multiple Administrations of Tacrolimus and Ciprofloxacin on Plasam Glucose Level in Glucose Tolerance Test

Each bar presents the mean+S.D. of 13-17 experiments.
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Fig. 2. Effect of Multiple Administrations of Tacrolimus and Ciprofloxacin on Plasam Insulin Level in Glucose Tolerance Test

Each bar presents the mean+S.D. of 13-18 experiments.
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2. v FPOBEERRUCEEICRIET tacroli-
mus X U ciprofloxacin DFE  EWz Bk 5
F DTy MREROEEEBEREOKHZZ Fig. 3
R U7z, EW# G RLG 1 HHIC tacrolimus HLf
B HREROMAGARETIZa S hOo—)Lickki LA

BIRAERAONEZIN, 4 HHLKE, ciproflox-
acin M G HICB N THAERKERONER
SNz, TNLIBEBMITFERERER 21T 5 £ TR DHE
BERLUZ £z, BEEIEICEL TE, #Ei
H.BAtE 3 H H £ T tacrolimus Bl #% 5.8, & HF
BBV TR EHBENEOR T NED 5N,
TN B ERVWEHEREZ R L.
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(A) Effect of Multiple Administrations of Tacrolimus and Ciprofloxacin on Body Weight. Each bar presents the mean+S.D.

of 13-18 rats. (B) Effect of Multiple Administrations of Tacrolimus and Ciprofloxacin on Food Intake in Each Group (4 rats)
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Fig. 4.

Each point presents the mean+S.D. of 5 experiments.

3. Tacrolimus & 7" ciprofloxacin @ HIT-T15 #f
RICH S 2MMIBEMY  In vitro 12 BT 5 tacroli-
mus S O ciprofloxacin @ FE#HEZ BT 2 HM
T, BEFKROWH Z 6N H%E L 2B O HIT-T1S
MG D viability Z kel U7 (Fig. 4). 24 Kifi] O
T C/EMB%T, ciprofloxacin & & (260 uM)
B LG aERE, WINORGHKORS5RE

20

00

80

60

40

25 100 300
Ciprofloxacin (uM)
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Effect of Tacrolimus and Ciprofloxacin on Cell Viability of HIT-T15 Cells after 72 h Incubation

THESMBE DK TITEE I NN >z (data
not shown). —J5, T2KHEIOEREICLD, Wih
OEYFERSH I bO—)LICEE L TERICAM
JABENETIAZENBEDOENL. T DR,

ciprofloxacin B %51 O i i 2 1 |3 R EE D BN
o THKRL, BEKEENZEDSNZDITHL T,

tacrolimus #% 58 Tl 10 nm LA _E OIEE Tl3fias
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PRICHHE R E TR s N>z, £z, tacroli-
mus & ciprofloxacin (130 uM) ZfFH L 7= #B Tl
tacrolimus BAEEIZLLEZ L T, AN HEED
HEIMMNED 5Nz,

4. HIT-T15 A2 D insulin EEAE R O DR CR(E
9 tacrolimus & T ciprofloxacin ¢ 8% 2 in-
sulin &3 tacrolimus HLfl J OX ciprofloxacin ff F #
Tixa 2 ho—)LiZx U CHER insulin DK T
MDD 5N/, tacrolimus B & ciprofloxacin
DERREE ORICHEBRZRBRI NNz, —H,
ciprofloxacin Tl 26 um OfKEEH, Ta > o —)b
12 bl U CTA & 7% insulin QBN 2B L 720,
EIREER CIXBEE LR EZ BRI NS> 2. 1R
/= 0 O insulin i EIE, 2FH insulin & & [FIH 72
i zRL 7z (Fig. 5).

% £

A, Za—F/02RPEFTH S gatifloxa-
cin 25 U 72 BX O I bl 2 vl &y S 7z 10 —
77, tacrolimus {2 BT H - OFIVEIC Mk E D2
NG SN T WS, I AL TS, tacrolimus &
ciprofloxacin % ff %5 L 7B OTiEfEIC KT T8
B2 DWW in vivo, in vitro DEE N S e 2T
7z,
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R L7z 0, tacrolimus DitBERERE 1, FK-
FKBP &NV = a—) ViEHEHEL,
NDOERTFBITNGT 5, FNIZ XD insulin
mRNA OFEHNHH I N2 A =X LDBHE SN
TW5.5%0 £/ Ishiwata 5i3=a—F /02 R
T db 5 levofloxacin ¢ 512 K % fifE LA A 71 =
A\, histamine J#§f, Ifi*F epinephrine 2 &
ERLEZBOTHLHEHMEL TND. D —F,
Saraya 5 |3 gatifloxacin & $¢ 5 U 7= B%, JEfE g- A
id @ K channel fH 212 & U insulin 73 W 72 2 1 X
N, KIMENECBHZEEZMEL TS PHELCZ
2—F /02 ZPiEFITH S ciprofloxacin  [A] £k
DEFIZ KB IMBEEDOEENEZ NS, Ty MT
tacrolimus % Bl $% 5., tacrolimus & ciprofloxacin
EOFABEG U2BE, TFERERENBR I N A
T, #AM 0.5h ol 7))L J—XRET, tacro-
limus Bi#¢ 5 & ciprofloxacin ff i #% 5 HERIICA B
RENEEKING (Fig. 1). £7z, ciprofloxacin B
MIEHET, o> bOo—)L &L Tk )L a—
ABEEICEBLIEZAHALNBNH OO, I insulin
EIXKEE RLZ (Fig. 2). 72, Awaicdn
T tacrolimus HLff ¢ 5 # } X tacrolimus & cipro-
floxacin ff % 58 CHRERDNEEEINSZ. 20
HRERDIZIEYENZEDOKFICLZ2DDEEZS

T 1
25 100 300
Ciprofloxacin (uM)

*: P<0.05 compared with control

Fig. 5. Effect of Tacrolimus and Ciprofloxacin on Insulin Level (normalized to Cell Viability) in HIT-T15 Cells
Each point presents the mean +S.D. of 5 experiments. Accumulation: the accumulated insulin content in the supernatants after HIT-T15 cells seeded in 96-well
plates that were treated with test agents in culture medium for 72 h. Release: the insulin content in culture medium after washing out test agents followed by incubat-

ing with new culture medium for 1 h. For details, see Materials and Methods.
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N, TO—KE U TIpEREEICED < &aEiH 7))
I—ZRE O LR/ KR UFHIC K 2B R O] )
FEABNS. £IT, BEENELVIIVI—AES
BE, IS5IEREET I I—AREEE S OMHE
ZRE Lz, ZORR, REEEGE SRR T
/moNZZ)I D —AmEmiRE & ORIITAERAD
MRS N (1=0.994, p<0.001). F7z, [k
IARE SRR SR TH SN2/ O — A mEiRE
EOMICHERBADOHENE SN (r=0.957,
p<0.001). U7Zn->7T, BI5ENIARERA DM
HEREEE IS APEIEOK TITE DV TN S ]
REMES R I N/=. ZNFE T, Hirano 513 CyA &
tacrolimus TH¢ 5 &K FH/RAEWAD & BEYEIE
DR FNED R GREIINICGEED 5, s N
WX 2 EBmRBEECLD ZEE2HEL TSP
—7, Madsen 5137 v MZBWTEWEBIEDK
TEEDGRWERERTZHEL, ZODNBEN
ATP O ICE DS EYMORIVEFIZLD I &%
AL TWS, D KRFHZH T S tacrolimus DA J§
DPATZ X LT DN TIIEIE TE IR WNATE DRI
B FREOERZED THA OBEZRNESHICERL
TWaHDEZ 515, —J, ciprofloxacin 5.8
T3 tacrolimus & [F] kIR E A O EMABIZR X
N7=H, DT A tacrolimus TlEH 5 RN 5
ROLNLEDITH LT, HERIIGGEYL sz &
512, BEBREOHDHEDSNRN I EX
D, FOEA tacrolimus & F/x> TS Z &
EZH5N5.

KIZ, in vitro \Z BV D MHHERE K OF insulin 533412
&IF 9 tacrolimus & ciprofloxacin @ £ 8 % 41T
BETHHMT, NARXY—HEOME B #MET»
% HIT-TI5S fifla# A WT, Batziroz. AW
IZB T, tacrolimus % 512 & O HIT-T15 g D
viability DK F 23 3, ciprofloxacin & @ f§f
#5112 XD, viability DR TN 7= (Fig. 4).
F 7=, M@ viability THi1E L 7= insulin 233412 BE
L T, tacrolimus EJiif¢5 & ciprofloxacin Bt #%5-
BE, I hO—JLICHL THERK FABRIN
7273, tacrolimus B &% X ciprofloxacin #f HEE D
MICZIZFRORMh> 7 (Fig. 5). I 5 DORERK
v, ciprofloxacin 1 insulin 2L D H, L A,
cell viability IZ# &% KT T &E 2 51, tacroli-
mus & ciprofloxacin ff ¢ 512K D, Z O EHAE

FENBEARL, T v b in vivo TR X 7 it b
ED—RHEEAENS.

F 7, [KJEEE O ciprofloxacin Bt 512 Xk D,
insulin F W EEEMSE S I ENHLNITIN
. G, TOANZZALEHSNZTHZEITT
ERMo =M, 5%, ST L N)VITT, ciprofloxa-
cin & U\ tacrolimus D1 > A1) > 43U EiE - H 4%
MR EICRET T 2 BN D 5.

ARIFZEIZBNT, in vitro EEIZHB W T ciproflox-
acin B 5 Ol el 7 1R V3R AR G Y I S8 8
BRINEN, Ty bEHAWEK invivo EERTIZ
ciprofloxacin £¢ 512 & % insulin 43 384 A0 A 1,
HooNnd, DLAHFOEmMERLEZ. Z0—K
& L T ciprofloxacin @ M FEIZ &9 2 HMENE 2
515, b5, KIRED ciprofloxacin % # 1T
X U insulin 7B L T H 2 O RIS LD
AT K ORI NSDD, HDWITHEMEEENE
DOIEAZ LBl =N E AL 5N 5.

ARFZEIZC, tacrolimus @ EIE M T & 5 fit b5 AEFE
(3 ciprofloxacin IZ X D H NS N 2 EHA AR S
N, TOERE U THERuREE O HE@EAREMRL T
W3 ZENRBREINZ. BWRICBWT, KRBz
20T HHERFEEIC, FENGIFITdH 5 tacrolimus
LHWAITH D= a—F /0> RYEAZHHT 2
BT amEEOT > hO—)L N ETH 5.
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