- 212 - PEGEFE AR FIRE212 54 A% 2655 28 Chin J Pharmacol Toxicol, Vol 26, No 2, Apr 2012

RPE®RASTF 1 KEFSX KR FEEE 50BN ER

BRI B, SRR, mART, WK, % BT, TKEE, sk
(L. KHPEEZRATUER, KH 3001935 2. KETH LT sE o
THAEfRTE, KHE 300193)

WE: B AT BHE 2T 1(KIM-1) 5F K TR ERGRRAER . Fik #&R4HARKRE
FRAROETHFFHRRBERGREE, AR BXATRERipLHEH3S5,6 87T R, RXEZRAETHLR
ip 62556 %3,7,10 f2 13 X ZRIAFZREA T AR ig 2h5 5 8,15,36 #2053 Ridid I £ BRI, 5 B s i
AR R T AFA 24 hol B ik, JA B 3h AU fo & WUET (SCr) A= o fk % £, ( BUN) & SR WLEF (UCr) &
F, R A ELISA &40 jk KIM-1 K- HE 3 & 347 FIEA SRR F4hE, GRS EFxBatk, iiss
BARKERLNGEH I REUALREXERAR, Mk KIM-1 #4357 4.7 45,SCr 7= BUN 7% 7 0.3 #e
0.745;% 546 X ,KIM-1 +% 7 10.0 ## 8.7 4&,SCr 7% 7 1.9 ## 3.3 45 ,BUN 75 7 3.0 ## 5.1 45, % 5
BB I R R AT % T & ,KIM-1 RFHZFH T 16.5 45,SCr F= BUN R -Fuk[&, 4 i % 3t B8 20 64
1.2F03.045, AREEZRARR, 5 EFBUALE, TERL %G5 T £,SCr #2 BUN K-FfBranm AL
2 KIM-1 KFFHEHT2.642,%8 10413 X, SCr KFFHFHT 1.741.64%, BUNF&H 7T 2.0 4 1.9
45 KIM-1 3 7 12.5 #4233.945,% 10 R AR BAA R RER T, REEFEA KK, 5 EF TR
B, 25 8 R ,SCr fm BUN A Fo B 21X A IS, KIM-1 Fh & T OB 5 x #41069 0.6 45 5 15,36 42 53 X,
KIM-14-%14%& 7 1.7,4.3 #29.3 42 ,SCr 5514 1.0,1.0 = 1.2 4% BUN 459} 35 7 0.4,0.6 F= 1.242
LA 53 KA HILA Bag R A K, M4 A 40 SCr, BUN fo KIM-1 69 %X F 3 E K & T
@AR(AUC) 251 4 0.934,0.953 2 0.979, )k X F F A A 20 SCr, BUN #= KIM-1 #5 AUC 4% % 0.877,0.713
#20.932, R Fe A& A A 48 SCr, BUN #= KIM-1 #5 AUC 4% % 0.668,0.766 #20.976, &5it FER4H . R XK F &
Ao R0 F 00 B ARG bR KIM-1 TR T80 B 845 a9 7l

KER: B0 BRGHT 1 Wk KXEE; FE

hESES. R66  XERERERS: A XE4HS: 1000-3002(2012)02-0212-07

DOI; 10.3867/j. issn. 1000-3002.2012.02. 016

RN R S HE S, R ANE Y
TERN I FERMS T Z—. R EYE it
AR i3k B s LRI BT X B 7 A R AR
VR, 1% G0 T R R A 0 B 453 93 1140 2= W s 25 )
I3 LET ( serum creatinine , SCr) 1 Ifi. fR Z % ( blood
urea nitrogen, BUN) {H P& HA 75 B i 535 — €
FERT A2 W] 58 FF 25, SCr Fil BUN [ 3 i S Sk
AT RE 21 25 WU 368 o 1 PR T 22 A MEPE A, T AE I
PRISEE BT BEECE bl A I B B & B i
P o R, -5 3 SRR T AR B 0 AR

EE&WE: BE"ERHH 6" B E KL m
(20087X09305)

EE®IT: B AR(1986 —) Lo AL, EE
YR G R BRI SO G (1958 =) L JB WF5E B, R
2 g B 3 PEE P

BEIAEE: KEME, E-mail; zhangzp @ tjipr. com, Tel;
(022)23006865

PR P& B 25T & ARG RTRY T 138 VI 3K
'B1455 43 T 1 (kidney injury molecule-1,KIM-1)
MR T A e e sk EE A MBE 70 5 1 B A
R A TR AN A2 AR 1, & — b T B 125 240 i Bt 2R
H L AFTE T CD4™ T 41 Jii F05  tl /N 48 b B 40 g
A TEIER B KIM-L Feke R, (R 7E
N TR) B 245 ) B P 5 ) B ' T RE 45 1 A A
L KIM-1 2 7E 27340 1 B TS /N8 b B 4 v
FOARIE AT LAER PR ™ o FAT, KIM-1 A5
B2 11 B J B  505 1) A A Y . 2008
A 32 [ 1 i 24 i B B R RTIRR Y B2 24 1P 28 A ]
KIM-1 I F 25 i R A i 7, AR ) 2 i
AT R PR R B R IR 55 B i R
FRASE 280 46 ] fR KIM-1 | bR UL BF ( urine creatinine,
UCr) \SCr 1l BUN LA ' iE4H 200 BEAE AL, P4 R
KIM-1 42y S A 500 5 453 473 S50 A WA s 0 114 7 g
P, SRy A Ay PR B 2405 AP R Fr S (R 0 , OF



VEGEFEERFLE21254 A% 26 %% 2 Chin J Pharmacol Toxicol, Vol 26, No 2, Apr 2012 - 213 -

il PRETHT 25 9 % P r i e =%

1 #R57FE

1.1 i oL Fn{e =g

fat BRAENE SD KB, SPF 4, 145 2 250 ~ 300 g,
H b st a5 Sl W B AT BRA m R 3L, 3 W)
VFAIES : SCXK ( 51) 2006-0009, [ Hy 4% £ FIER K,
i 20 ~26°C , R 40% ~70% , YR 55412 h
/12 h i o JIUEA ( cisplatin ) FHBER PR K % 3 (gen-
tamicin sulfate) , Sigma 2\ ] ; #1741 Z ( ciclosporine ) %
R it A 25 2% W) 5 R B KIM-1 ELISA 3077) &, 26
R&D 73 F] 5 SCr, BUN FI UCr K5 , b 5t A=
AW HARBHL BA A PR A 7], Sunrise BEARIL,
B R TECAN 23wl ; Olympus BXS1 3% 38 )i~ 12 fill
%%, HZ< Olympus 2\ ) ; Canon power shat S45 g B i
%R, HAS Canon 24 7] 57080 4= H 3h A= A4 BT,
S IRYA/Ai I8
1.2 J4H SR AR H &Y iRk R &

KB 48 H, 23l Wk FE 4 d J5, BEHLT 4 8
ZH (BRI TR]SEORE I 1 A TE 6 FRZE AN 1 AN 4
PO, S 4 AR D) B4 6 H, IR R IR
ip 25 T/EFRERK  BRAL ip 43 TIE 7.5 mg-kg ™,
G251 G AZHAT R S ml-kg ™ THURAAES
2,4,5 F16 KE TG NUCE 24 h JRI BE H ip
e i SV ALY R VG o 1
1.3 KABZERGEBNHE" ' RIZEARE

KRB 48 H, gl i PEA 5% 18 d 5, B bl 73 h 8
A (BRI ] ORI 1A TE 8 0 BRZH A 1 AN PR H
R, 3 4 DA ) 6 H IEH S
WRZH ip 45 TR BRER K, BEBU A ip 45 T IK K& R
120 mg-kg ™" RERLAZG 1 IR, LR 25 12 d, 4251k
BORS ml-kg™' . THRGLAENH2, 6,9 F12 K
BT IR 24 h BRI B H ip 25 T AR Z 5
JERIRF B4 I
1.4 FAZBSRGENNHE" T RIFEARE

K48 H, & W R S d 5, Bl b 8
A (BRI ] AR 1A TE 56 B AT 1 A FR AR
BRI, 3L 4 A pa] ) L ARER IR, B 1 ~ 22
K ig Za T IR (U 24 AHOSE Tl v ik 24760 2% T
IR F A )3 mgekg ™ AZIARIR 10 ml-kg ™' 5
23 ~43 KEOH sc 4 PIHALE 7 mg-kg '35 44 ~52
Kose T MR 12 mg-kg™, 4 21K L
2.5 ml-kg ™", LR ATHRAL ig 44 PRSI . TEIKSG
24JEH 7, 14, 35 152 RE TR A IS 24 h
PRI, B8 H ip 45 T 7R S S R e i B4 1

1.5 SCr, BUN, UCr F1fR KIM-1 gy4&i

RERIBANARAS , T 1500 x g B> 10 min, 73
HIBCEIE AT UCr K KIM-1 SCr Al BUN #4460
SCr, BUN #1 UCr fif ] B 3l A= AL A AT A 00 5 PR
KIM-1 fifi ] KIM-1 ELISA 32050 & A ), 487 20 B %
R S UL B AT , L BRI B2 450 nm
KA B (absorbance, A) {EL, L Ay ., fH 20 A2
P, B TR A E DA Al A 22 i o £k, AR 3R A Y
Ayso i FEFRHRBESE ], PR KIM-1 55 5 IR KIM-1/
UCr U ff (mg-mol =) 7R, BG4k 1 mol JULEFHE
H KIM-1 922 500
1.6 KRREHAAREFUR

IEAZH R BT HIR 45 25 )5 5 3,5,6 M1 T K5 IR
RERARBTHREGHEH3, 7, 10 F113 K3
ARARRTERALEE 8, 15, 36 F153 KA
KRB, IR, 10% P F R [ , 3 ML I f 3 1)
FrAHE Ze,, T35 5805 WA T LSS 20
A,
1.7 it FESH

SLRACREAE T & 5 FoR, SR SPSS13.0 4t
TR IEATREAS « K556, 6 ] Medcale v11.5.0.0
AR ) R E AR R (receiver operating charac-
teristic, ROC) fh 4k .

2 #R

2.1 Jii$AXFARR SCr, BUN F0pR KIM-1 7K #2200

F 1R ER, H5IEHE X AL L, TR
Y555 3,5 F1 6 K, SCr, BUN FiJR KIM-1 #JH & T}
E(P<0.05);% 7 K,BUN HHEF = (P <0.05),
SCr FIJR KIM-1 iy FHRUEZ K, BA THEE#H
TGt 2E 7. IR KIM-1 B 24 f5 i [l S 4, T
i K SCr A1 BUN 4 ANk ] A5 40 51 74 185 b 1 3
NFHEZH Y 5.7, 11.0, 9.7 F117.5 4% ; SCr g 1F % %
R 1.3,2.9,4.3 F12.2 5 ; BUN Sy 1E & X BR4H
M1.7,4.0,6.1 f14.0 f5. HK 1 E75,SCr,BUN
FPR KIM-1 25 25 J5 AN Rl B ] 55 ROC i il 48 1 #R
(area under curve, AUC) 43 %] & 0. 934, 0. 953 f0I
0.979, A[LAFEH, IR KIM-1 5 SCr #11 BUN 4 H A2
FHFTECE R AR b B B ) R R e
2.2 FKKEZXAR SCr, BUN #ifk KIM-1 7k
ERpA

HIRG 2555 7 K, SCr Fl BUN K UL BH g F+
1, PR KIM-1 A T a3 26 10 #1013 K, #ER1AH 4
G T HAn 2 HKEL SCr A1 BUN 5 1E # % FE 41 AH
Lo B S TF R i bR KIM - 185 58 0 % % R 4 B I



- 214 - PEGEFE AR FIRE212 54 A% 2655 28 Chin J Pharmacol Toxicol, Vol 26, No 2, Apr 2012

Tab.1 Changes of serum creatinine ( SCr), blood urea
nitrogen ( BUN) and urinary Kidney injury molecule-1

Tab.2 Changes of SCr, BUN and KIM-1 levels of rats
with Kidney injuries induced by gentamicin ( Gen)

(KIM-1) levels in rats with kidney injuries induced by cis- c SCr/ BUN/ KIM-1/
platin roup mmol - 1,7 mmol -1, 7! mg-mol ™!
SCr/mmol + L ~! Normal saline(ip) 2 d 49.2 1.2 6.2£0.5 97 £36
Group
3 5 6 7(d) (ip) 6d 45.7 2.5 4.6+0.7 101 +38
Normal 44.2+1.5 48.1x3.9 52.0+2.4 53.0+2.6 (ip) 9d 47.7 2.1 4.8+0.5 125 +15
Cis 57.8£7.2*137.6 +83.5% 225.5 +82.9 *115.1 +68.7 (ip)12d  46.4x1.5  5.920.6 7342
BUN/mmol -L ! Gen 120(ip) 2 d 49.4 +3.3 6.7 0.6 62+10"
Group 3 5 6 70d) (ip) 6 d 49.2+5.5  4.7+0.8 266 +224
Normal 6.6£0.5 56+1.3 6.9%0.6 6.20.5 (ip) 9.d 83.0260.7  9.8x7.8 1679 +1218°
. . . - . (ip)12d 75.0£28.0 10.8 £5.2% 2544 £1673 ™"
Cis 11.1£4.0% 22.4+15.3" 42.1+15.9"24.4+£18.4
; Rats in gentamicin group were ip given gentamicin 120 mg-kg ™' once
o KIM-1/mg - mol - daily, for2, 6, 9 or 12 d. Levels of SCr, BUN, UCr and KIM-1 were
>TOU]
P 3 5 6 7(d) detected on the 3rd, 7th,10th and 13th day after the first ip administra-
tion. x £s, n=6. “P<0.05, ™ P<0.01, compared with normal con-
Normal 68 +9 100 £33 91 £39 76 £17 trol group at the same time.
Cis 389 £151* 1105 £606 ™ 883 £187 ™ 1322 +1405

Levels of SCr, BUN, urine creatinine ( UCr) and KIM-1 were measured
on the 3rd, 5th, 6th and 7th day after cisplatin model rats were single ip

given cisplatin 7.5 mg-kg ™',

KIM-1 levels were expressed as the ratio of
the urinary KIM-1 to UCr (mg-mol ') which means that the amount of
KIM-1 was excluded while 1 mol UCr was excluded. x s, n =6 (for
every time point). “ P <0.05, ™ P <0.01l, compared with normal

control group at the same time.
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Fig.1 Receiver operating characteristic (ROC) curve for
SCr, BUN and urinary KIM-1 at different times after ip
given cisplatin 7.5 mg-kg ™", See Tab. 1 for rat treatments. AUC:

area under curve.
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Fig.2 ROC curve for SCr, BUN and urinary KIM-1 at
different times injected with 120 mg - kg™' gentamicin for
12 d. See Tab.2 for rat treatments.
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(P<0.05) ;%5 15 #1136 &,BUN flpR KIM-1 i 2 5
FIEH X IR, SCr A LA I 222 5 55 53 K, SCr, BUN
FIR KIM-1 #9080 . FF 5 (P <0.01) . JR KIM-1 B%
SIS A4, L SCr F BUN i 1 B2 51 B 3,4 4
s [0 s, T v A5 55 53l A JE 8 X R4 1.6,2.7,5. 3
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1.2 £  BUN 43500 IE 3 X REZH 19 0.8,1.4,1.6 1 2.
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Tab.3 Changes of SCr, BUN and KIM-1 levels of rats with kidney injuries induced by ciclosporine ( Cyc)

Group SCr/mmol - L™ BUN/mmol L' KIM-1/mg-mol ™'
Normal olive oil(ig) 7 d 63.5+2.4 7.7+1.0 158 +16
(ig)14 d 56.9£2.9 6.41.1 112 £29
(ig)22 d+(sc)13 d 61.1£4.0 8.4x1.1 64 =15
(ig)22 d + (sc)21 d+ (s¢)9 d 60.4+1.6 7.5+0.8 74 21
Cyc 3(ig) 7d 71.6 £10.9 6.5+1.3 256 +100
3(ig)14 d 58.3+2.4 9.2+1.5" 300 £97
3(ig)22 d + Cyc 7(sc)13 d 62.7 £4.8 13.7 £3.6™ 340 +333
3(ig)22 d + Cyc 7(sc¢)21 d + Cyc 12(s¢)9 d 71.6 7.2 16.4+5.2™ 760 +556

Rats in model group were ig given ciclosporine 3 mg-kg ™! from the first to twenty-second days, sc given ciclosporine 7 mg-kg ™! from the twenty-third to forty-
third days and sc given ciclosporine 12 mg-kg ™! from the fourty-forth to fifty-second days. Levels of SCr, BUN, UCr and KIM-1 were detected on the 8th, 15th,

36th and 53th day after the first given cyclosporine. x+s, n=6. * P <0.05, ™ P <0.01, compared with normal control group at the same time.
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Fig.3 ROC curve for SCr, BUN and urine KIM-1 at dif-
ferent times after administrated with ciclosporine for 52 d.

See Tab. 3 for rat treatments.
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Fig.4 Effect of cisplatin on histopathological changes of
Kidneys in rats ( HE x 400). See Tab 1 for rat treatments. A:
normal control group; B: model group, on the 5th day after cisplatin was
once ip treated ( Arrow shows: tubular degeneration and necrosis); C:
model group, on the 6th day after cisplatin was once ip treated ( Arrow
shows: protein casts) ; D: model group, on the 7th day after cisplatin was
once ip treated (Arrow shows: tubular regeneration and dilatation ).
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Fig.5 Effect of gentamicin on histopathological changes of
kidneys in rats (HE x400). See Tab 2 for rat treatments. A: nor-
mal control group; B: model group, on the tenth days after gentamicin
was first ip treated ( Arrow shows: tubular degeneration and necrosis) ;
C: model group, on the thirteenth days after gentamicin was first ip trea-

ted ( Arrow shows: protein casts).

Fig.6  Effect of ciclosporine on histopathological changes
of kidneys in rats (HE x400). See Tab 3 for rat treatments. A:
normal control group; B: model group, on the 53rd day after ciclosporine
was first ip treated ( Arrow shows: tubular degeneration); C: model
group, on the 53rd day after ciclosporine was first ip treated ( Arrow
shows: tubular regeneration) .
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Predictability of increasing level of kidney injury molecule-1 in urine
for rat early kidney injury

SHEN Jun', LIU Yan®, ZHANG Jin-xiao’, GAO Xu-cong”, ZHOU Fei*,
JIANG Ling*, ZHANG Jian-jun®, ZHANG Zong-peng’
(1. Graduate Department, Tianjin University of Traditional Chinese Medicine , Tianjin 300193, China;

2. Toxicology Department, New Drug Evalutation Center, Tianjin Institute of
Pharmaceutical Research, Tianjin 300193, China )

Abstract; OBJECTIVE To evaluate the predictive ability of urine kidney injury molecule-1
( KIM-1) for early renal injuries in rats. METHODS The renal injury models of rats were induced
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by cisplatin, gentamicin and ciclosporine, respectively. Serum samples taken from abdominal aorta
were collected on the 3rd, Sth, 6th and 7th day after cisplatin was once ip treated ; on the 3rd, 7th,
10th and 13th day after gentamicin was first ip treated and on the 8th, 15th, 36th and 53th day after
ciclosporine was first ig treated. Urine was collected before necropsy ( 24 h collected period). The
levels of serum creatinine ( SCr), blood urea nitrogen ( BUN) and urine creatinine (UCr) were
detected using automatic biochemical analyzer. KIM-1 concentration in urine was analyzed with
ELISA. Pathological changes in renal tissue were observed with optical microscope following HE
staining. RESULTS In cisplatin treated group, the rat kidney had no observable histomorphologi-
cal change, but urine KIM-1, SCr and BUN increased by 5.7, 1.3 and 1. 7-fold relative to normal
control on the 3rd day. KIM-1 increased by 11.0 and 9. 7-fold, SCr increased by 2.9 and 4. 3-fold,
and BUN increased by 4. 0 and 6. 1-fold on the 5th and 6th days compared with control group.
Kidney tissue had remarkable changes on the Sth day compared with control group. KIM-1 increased
by 17. 6-fold but SCr and BUN only increased by 2.2 and 4. 0-fold compared with control group on
the 7th day. For gentamicin treated group, SCr, BUN and kidney tissue had no significant change,
but KIM-1 increased by 2. 6-fold on the 7th day relative to the normal control. SCr, BUN and KIM-1
increased significantly on the 10th and 13th day compared with control group. They increased by
2.7 and 2. 6-fold for SCr, 3.0 and 2.9-fold for BUN and 13.5 and 34. 9-fold for KIM-1 compared
with control group. Histomorphological changes were observed in renal tissue on the 10th day. For
ciclosporin treated group, SCr, BUN and kidney tissue had no significant change, but KIM-1 in-
creased by 1. 6-fold on the 8th day. Compared with control group, KIM-1 had increased by 2.7,
5.3, and 10. 3-fold on the 15th ,36th and 53th day, while SCr increased by 2.0, 2.0 and 2. 2-fold
and BUN increased by 1.4, 1.6 and 2. 2-fold. Nephridial tissue had significantly histomorphological
changes on the 53th day. When compared with the area under curve ( AUC) of the 3 biomarker’s re-
ceiver operating characteristic, the AUC of cisplatin were 0. 934, 0.953 and 0. 979, the AUC of
gentamicin were 0. 877, 0. 713 and 0. 932 and the AUC of ciclosporin were 0. 688, 0. 766 and
0.976. CONCLUSION KIM-1 increases significantly before kidney tissue has slight or observa-
ble pathological changes, and KIM-1 is a good predictor for early renal injury.
Key words: kidney injuries; kidney injury molecule-1; cisplatin; gentamicin; cyclosporine
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