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[HZE] a@ FUREREREABHDH S S C(CysC) b Mok 40 i B BB A 56 i iz 2 88 1 ( NGAL) TE P 2 R fE KB RiFES
B K SR 495 P IS AR AR AE , SRS LTS B S AL A 7R 20 IR PR BRI R R S, & 8 K 66 [ Wistar K REEHL HPTE A
Béjtﬁ%zﬂﬁuxﬂﬁé AT RIS B/ INERRIN B /N SR AR AR 2 TR ] B 1) s SR I A, SR A AR 43 W ARG 0 1 775 R 22 4 ( BUN) |
JULTEF ( Ser) & &, BEDE G e % 2 ( ELISA) R M35 CysC H1 NGAL ¥k B, Y45 WSS B I B4 20T A5 2 A . LA T s B0 4 4 2
iR %ﬁfiﬁﬁ@%‘b 15 (4 BHAE I Wi bR UE | 2R T 32388 TAERFHE 2R (ROC) Al Logistic [H1IF 4347 , ¥FAG L3R I 55 Rk ) B 20 & 5
INER/ B NEBGI SN, %8 OREHER KKERITEN BRI R A B 05K R, CysC il NGAL H B 35 P28 1L g st i)
P FI 4240 BUN Ser 2045, QROC #7455 5 77% , CysC 1 NGAL 7E 25 Z 45 v i) AUC 4351k 0. 866 F10. 691 , 75 R A EE Z 46
FUef g AUC 43511247 0. 632 F10. 698, #47kF BUN Fil Ser; CysC \NGAL 43515 BUN F1 Scr 414 , %15 /INERFIEF /N 3475 45 32 B0 HE A i85 10
K B34 16 ; CysC Al NGAL 414 X B S A0 (4 B 345 Y98 — 2 BRI, AUC U2 PERE M KT 0.7, #4 CysC FI NGAL 7&
2R B B R B A T B B [ B R T I A 2 O R G ) ML TS PR R ), FE— o R EE L AT 00 B A0 4 0 A A R RN R
54k s 4195 BUN Ser 214, 5B /INERFINE /NS 40 47 1 38 B 1 4505 (R B AL RE , HLHR CysC + NGAL 214 il F F R AN RIS ALY 15
Bith o

[RBIA] BB AL BT R RRE R MR B A I8 C s Hr Mok 20 i B I AR 56 g i 2588 F s ROC 4347

Combination of serum biomarkers in the evaluation of drug-induced different kidney injury models
LI Yi-fei, XU Ting-ting, JIN Ruo-min, YAO Guang-tao

Shanghai University of Traditional Chinese Medicine ,Shanghai 201203

Abstract; Objective To explore the change characteristics of serum kidney biomarker cystatin C( CysC) and neutrophil gelatinase-associated lipocalcin( NGAL)
in adriamycin( ADR) and gentamicin( GM) -induced kidney injury in rats and the significance of the combined detection. Methods Wistar rats were randomly
divided into the drug and the control group,and the kidney injury models of glomerular and renal tubular type were established respectively. The contents of serum
blood urea nitrogen( BUN) and creatinine( Scr) were detected by means of biochemical analyzer. The concentrations of serum CysC and NGAL were measured by
enzyme-linked immunosorbent assay ( ELISA) . The morphological changes of renal pathology were observed by light microscopy. The curve areas of various serum
biomarkers and the combinations were compared by receiver operating characteristic curve( ROC curve) and logistic regression analysis based on renal pathology as
positive diagnosis criteria. Results (DThe significant changes of CysC and NGAL in both types of injury were earlier than the changes of morphology and BUN and
Ser. @ROC analysis showed that the area under curve( AUC) of CysC and NGAL were 0. 866,0.691 in ADR model and 0. 632,0. 698 in GM model respectively,
which higher than that of BUN or Ser. BUN + Scr combined with CysC or NGAL showed higher efficiency for glomerular and renal tubular injury, respectively. The
combination of CysC and NGAL had certain value for two types of renal injury,which AUC, sensitivity and specificity were all more than 0.7. Conclusion The
significant changes of CysC and NGAL were earlier than morphological changes and traditional serum markers, which can predict the occurrence and development
of renal injury in a certain degree. BUN + Ser combined with CysC or NGAL had higher efficiency for glomerular and renal tubular injury , respectively. Combination
CysC + NGAL can be used to evaluate different types of drug-induced renal injury.

Keywords : kidney injury ; model ; adriamycin ; gentamicin ; CysC ; NGAL; ROC curve analysis
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MDA 5 I R ) B A 40 I AR RS ) s B
ARE R B AR, B 7 S I AR X ) P e B A
i A RBURRPE R S T ELAE AR R AT S i R B
ik Z HUBHE , AN RERI BT 25 W B R IR0 . G, A
ORI FH B SR A B T A ) 2 UM
PRIV T 1%

AHIFSE LA A HLA5 405 R 5 45 S 1) B 5 2
PRRERIFE T R BB 80, 20 8 B /NS /N
PO, LB D 2 R 2 1 I ] 2 1 C(cystatin C,
CysC) Fi rb P4 KL 20 i BH JBC Wl AH O R BT iz #03E H
( neutrophil gelatinase-associated lipocalin, NGAL) (75 4k,
FRRAE 5 LA B A 22 A A 8 SR A Oy 245 D 4
AT BHE S Wb o, R F 2 3038 AR R AL il 26 (receiver
operating characteristic curve, ROC ) F1 Logistic [0] I 43
IR L w8 IR AT/ @ R RE DN = AN VA= PN =
Giriz W i, IF 5 28 ML 5 B br R R A (blood
urea nitrogen , BUN) F JJL if ( serum creatinine , Scr) {t)12
WTRCREAH FE A, LA by v 24 1) 22 A PR Dt B2 25 UM
BOIIBIGR IS
1 HRSHE
L1 34 R Wistar KB 66 H, (K 5
(180 £20) g; M A 11 V4% K- b BLSL B sh W) A PR A
Al S VE AT IE 5 - SCXK (3 ) 2008-0016 . FIT A 5l #) 44
Tl T b B2 R S sh Yy b D TR T R R %
L2 ZHp XA EME EHIHERZ TR LR (LA
Bogg 2R ), 1 PG 7 2 i A R A A (i 5
02110301 ) s iR PR K 75 3 S, b 28 — 2Bk 250k
APRAE (H5:091002) , DL EZ59 B 0. 9% NaCl
R R BT R

BUN(R1 #t5:A124;R2 #it 5. A125) .CR( R1
51 A126;R2 it 5. A125) , H AT I R IZ W] il k=X
Eagans

KB CysC NGAL ELISA (5] &, bk WEHEDY)
FHEA A R (5 :201110)

H a7 7080 4 A gl A= b 73 #r A%, H A< HITACHT 2%
] ; Thermo MK3 b5 A%, ¢ r, ( F i) BE A48 A R
NI
1.3 shpmBastt ¥ 66 KRB b B E R
(adriamycin, ADR) 2H 24 H P K% & (gentamicin, GM )
24 18 JUFX AR (control )24 H

B EE R o0 IR 28 1 KM 5 KRB F KT S
BAT 2 2R VA, A 20T S R AR T 5 g 3 g

PROR %65 2 2 s S A T DR R R U S W, R
1R S22 5 K5 B SR B 80 g

XFIRZAZ MR PR g R A 07 125, W I T A S5 A Y

0.9% NaCl &I -
1.4 #aR B 55 % KW RTER S i
JE BT 25 R A WS IS ] Oy 28 K, PR3 2R 2H WL € ) 1] oy
12 Ko A5 TS 1.3.6.8.12.28 KKK
BRARRIN) 6 KWyt aT IR RS kAR I, %
DB PR s T4 4.7 12 F128 R (PR B R ABR
S8) 6 FBl W RR I A SR A A T 2 2
BEiEESy g g8
141 BHfRSHRn  MEFEALLS5 000 r/min &
O 15 min W EIEW, R4 A 8l A4k 3 A AR
M3 BUN Ser KV, 5k AT ELISA J 46 I I 16 b5 25 90
CysC NGAL &,
1.4.2 GHBBAFWE BIALIY K
HLWRA T HEAT HE F1 PAS Jefa SGHE T WA H 20
GUBEFA . TR BRERE 3R 4 DR -7
ML IR +7 B (n] WAL 1 240 i A8 1
BRIRIE R S Rk ) 5 47 ARG (Rl L D
EEUENERE AL A R B AL 5 4T
P05 Rl WL ) B /NE B /N BREE R A2 AL, 78 SR R
B .
1.5 ROC Wy &a# S84 KICIR Jrik#E 4T ROC
MR b o LA 32 2 2 A 45 SR A Oy ' 400 0 1Y
FHPEIZ Wbs i, 376 B AR B o 0L S 2 17 22 S 1 I 1) A5 e
I RS I T S A 88, 7 SPSS SR rhdg A BRZH A1
Ek 7/ S D iR (51 <1 REE Arn 7/ S0F iR LUK = 8

T Logistic [V DL B RS &, DL H AR &
B LA PR R B 5, AR TR0 A 3R 6 (FE 0 A vh A
yhlE Az ) S BAR G R BT R

ROC 3 #r AL R ARAS AR 5, DL 25 0 i A )
(ELECZH A 1) 0000 M 5808 A 4 3678 i, 2 i il 05
M2 80, 045 SO R S PR Rl 46T T AR (area
under curve, AUC) . HiZk FEFEVT A 7 /Y A5 B0 R il
FHE (cut-off, UBPEFIFE AL ) o
1.6 “itzik WEEHERH] SPSS 18. 0 # k1T
Gt tre THEVERIL v £s FoR RABIM ST AEA ¢
R 5 SR BT RER ] Ridie 538, LA P <0.05 22 57 H
geitrE .

2 #R
2.1 & Ser BUN K-Frbix a2 4] 540 [F 05
BT REZHAH L, Ser 725 8 K HI 28 RESF A Gil2¢

(P <0.05,P<0.01),Hrd % 28 KA Ser /K J 3
PETHE (55 8 K Ser /K2R TCE )7 5 L) ; BUN 7
%6 K12 RERA G L (P <0.05) (BTG

PR B 2 21 55 AH R B s X BRAL AR LG, Ser FE2F 6
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8 RESFALITFE (P <0.01), Hi &I 5
BUN 746 8 K2R A Giit# i X (P <0.01), H B

R®1 BAREEF Ser BUN K-F i (n =6,x £5)

Motm. W&k 1,

. i (d)
415 EGLAY
1 3 6 8 12 28
i Ser( wmol/L) 21.38 £2.33 21.25 +3.58 22.63 +2.13 22.75 +1.91 23.38 £2.33 26.13 £1.96
Xf A ZH
BUN ( mmol/L) 4.95 £0.79 4.78 £0.48 5.25 £0.88 4.75 £0.60 4.94 +£0.47 6.04 £0.55
Wi 241 Ser( wmol/L) 19.38 £1. 41 19.88 £3.52 21.50 £2.73 20.13 £1.64" 24.00 £2.27 35.50 £10.27 "
Q¥
BUN (' mmol/L) 4.53 £0.57 4.46 £0.60 4.15 £0.85 4.28 £0.73 4.28 £0.49 " 5.89 +0.86
" Ser( wmol/L) 20.25 +1.83 24.25 +3.06 29.00 £4.24*"  28.75+£3.37"" 27.38 £4.78 -
PRAZ R 3 .
BUN ( mmol/L) 5.09 £0.52 4.88 £0.29 5.37 £0.73 6.01 £0.86"" 4.81 +0.81 -
T 50 AU RN (R4, + P <0..05, %% P <0.01
b = HE — = — o
2.2 %28 CysC.NGAL /R-F sz Plag K24 5 4 A i PR B A5 A R I o o BRZH AR B, CysC 756

AL A X IRZAR L, CysC 725 1.6.8.,12.28 RERA
Gt (P <0.05,P <0.01) , H 2T+ NGAL
TE55 328 RESFA G X (P <0.05,P <0.01), H
BEMT . K2,

6.8 REFAGI¥E X (P <0.05), HEHEET
NGAL 7655 3 RESFAGFITFE X (P <0.05), H %
PFE . W2,

R2 BARRFE NS RF CysC NGAL K-FbE (n =6,x *s5)

s (d)
431 fibn
1 3 8 12 28
ey CysC(pg/L) 114.88 £13.06  110.62 £12.95 115.92 +4.67 110.90 £9.38 102.15 £19.00 111.08 £11.30
X HEZH
NGAL(ng/L) 817.47 £116.88 808.80 £89.57 968.94 £152.47 866.01 £76.02 892.16 £137.32 839.28 £23.54
e CysC(pg/L)  136.17 £13.62* 119.83 £14.50 136.09 £11.61 " 123.91 £4.09 " 131.72 £10.02 ** 140.81 £13.51*"
W5 2K Y
NGAL(ng/L) 857.63 £84.43  918.67 £44.56 "  969.74 £136.76 935.51 £92.90 1 083.21 £184.81 1 259.75 £149.30 *"
-~ CysC(pg/L)  113.74 £11.18  101.79 +17.17 126.97 £8.94 " 124.48 £8.22" 113.12 £13.93 -
NS S

NGAL(ng/L) 854.81 £114.40 902.70 £50.09* 1 026.44 £116.79 944.75 £55.42 924.44 £118.37 -

5 X BRATAE RIS S B3R, + P <0.05, %% P <0.01

2.3 RARHELBREEAE WEEHDIYEH
2128 HE Je @ R, 55 12 R'E/INVEE I N /b i 2R
HAERI(EI1-B) 56 28 KB T /NVE ) PG B R 2
il /NS N K R AL (1] 1-C) ; PAS B fh
R 5 12 KRB/ NSRBI ISR (K 1-E) 565 28 K
B/ INERER T AN b K, B /N BRI R 4 1 A ARG 3% (A
1-F) o Bargg 25 2 55 50 RE AT AR ) B A, 26 12 R 58
28 RINE LRI R 2ERA G L (P <0.01)
W3,

KRS A% HE Yoo iR 55 7 Kk

it/ NE bR ANMEIRSE (B 2-B) , 265 12 K i /NS &
ARG AE (B 2-C) B /N A I N S B A 2 4
(E2-D), BRRERY S X B AR oS, 5
7RG 12 RIEHLURME R 2E R AT HE &
(P<0.01), W#FE3,
2.4 F—AREH G AUC A7 RIEAL L1 B4 B 4
PR BE B 2 1 A A 1 B (R BT 2 R AL e R 1
3.6.8 12 REHE, IR KR RIS 1.3 .6 RATEL
AT T

P—FREPIR AUC 201 as S R, 16 Bl 8 E AR
W AR AR CysC il NGAL [y AUC 435114 0. 866 Fil
0.691, 7t & F BUN FI Ser ( AUC 43 5] Sk 0.252 F1
0.293) s fEPR KRB R B, BUN F Ser (1 AUC 43514
0.623 1 0.672, CysC ] AUC # 0. 632 (& T BUN),
NGAL 1) AUC 7 0. 698 ( % F BUN Al Ser) , W35 4,
2.5 fiFAREHAA ROC 47 XTIMLIEIR &
BUN ,Scr,CysC \NGAL #4741 4 1) ROC i £k 5 #r 45
IR, SR ME PRSP A E, 416 K T 2 e AE— 2 e
JE R AR, LI AUC HHER,

TEFTEE Z 41 BUN +Ser + CysC 2045 Hift 41 &
I, BA RS AR RRE, AUC >0. 9, UM >0.8,
W5 K3,

TEPRKEE Z 40, BUN +Ser + NGAL 204 5 HAt
IAHIEL, B B K SR 3R, AUC U 1y >
0.7, W35 K4,

5 BUN +Scr (4G4 L, CysC + NGAL 4 &5 7E W
Fifi Al sh 80— A A U (B (AUC >0.7) , B
B R, Wk 6,
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VE:A-D Jfy HE B ( x200) A JxfBEALB MR R RIS 7 K5 C M D WRRBHAIN 12 K
2 RKEF R NE R TACH S

K3 BURFNEE SRS B ILILE(R) x4 maE—krEYe AUC 547
. " M (d) it BUN Ser CysC NGAL
45 RS 4 7 12 28 Wi 2 4 0.252 0.293 0.866 0.691
- 6 6 6 6 PRRERA 0.623 0.672 0.632 0.698
X ARZ " 0 0 0 0 x5 WAL FAFENMEH ROC 547

o 0 0 0 0 205 44 AUC HURE

AR o o o o BUN +Ser 0.761 0.733

- 4 3 0 0 CysC +NGAL 0.870 0.733

—— + 2 3 4 1 FI2EZ 4]  BUN +Ser +CysC 0.907 0.833

T

e ++ 0 0 2 3 BUN +Scr +NGAL 0.793 0. 600

++++ 0 0 0 2 BUN +Ser +CysC +NCAL 0.904 0.800

B 5 0 0 - BUN +Scr 0.659 0.640

R . o CysC +NGAL 0.702 0.809

PEKEmEA 5 . ~ PekEEZEH BUN +Ser +CysC 0.673 0.500

A 0 BUN +Secr +NGAL 0.715 0.820

At 0 0 2 - BUN +Ser +CysC +NGAL 0.715 0.720
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R 6 # CysC +NGAL £04-69 ROC 547

215 UL Fise I FL0E [ 5 75 it
P Z 20 0.733 0.933 0.6392 P=1/[1 +¢ (18520 +0. 144X1 +0.001X2) ]
RKRERHA 0.809 0.783 0.4672 P=1/[1+e —( =5.567 +0.008X1 +0.005X2) ]

TE PO BINMERAE s e 0B W8, B AR EA IR ER; X1 O CysC;X2 Jy NGAL

10 ROC
—BUN+CR
— CysC+tNGAL
— BUN+CR+CysC
0.8 — BUN+CR+NGAL
Reference Line
0.64 ||
sal
#
&
0.4
024 H
0.0

00 02 04 06 08 1.0
145 571

B3 FEEMALFFEHELSHET ROC # &

10 ROC
] — BUN+CR
jJ—’——“JjV —CysC+NGAL
— BUN+CR+CysC
0.8 lj — BUN+CR+NGAL
Reference Line
0.6+
#
# [
&
0.44
0.24
0.0+

00 02 04 06 08 10
147 57 1
B4 RXEZAELFREDNAESETG ROC W

3 Tt

255 R B R B E R 2 R 24, EE AL
B /INBRIG B /N B R A B A LR X
FA T RPN T ARMEX L TR a2, By
B WER A5 14 52 2% , AN RS54 () K 3R K 2%, B /N BRI 2
RERY R At 2 B s i B /NS B R A ) A8 1 o A
S S5 I R RS DL AT N AN 5 i e, DA 3
P B HA e S A T BT & R F R R R IE R AR
45107 , 20 il e S /NIRRT B /N R AR, - R
o (] s B 1R 25 24 1 A5 2 B PR 52 1 = A B B, DABE 4D
I PR B 40300 A A= R e B A [m] sk B AR B2, A T AR08
TR 0L Y75 A o 0 SRR RRE DG 5 7 24 T B B A
R

PR CysC T [ pi s SRS, I /IR v 5 4
VeI TR /NE B e A E IR, T ME B
MR 2323 IR 1, BRI HCAS: Ser T RERS LA % B L b
J e /BRI S A A ks . NGAL 75 W JUE T s /N
Rz A BRI 4 B R S S B A
e B R T TR

ATFFE P B85 297 5 1 B R R A O R, LSS 12
TR B AL PR 145 R Ot 4 B /N BR U S o B
SZAR PAS Y (o gR T DU /INER R RS M S, 4 28 K
BT BN TR A, 2 BS ENE IR A 5
A8 B NERAS G B /INVIF o T Ser B4 28 KA
SEVETHE WS T B . CysC BB /N
BRI 1O 725 B A0, IS 1 TR B T s R
BFRAETE RN T B0 9 R A AR 2R 45 ; NGAL 78
553 KA B VE 22 5, HLAE B /NG 150005 0 4 S
Mg, 105 0 s BRI S A5 3 T EEE

PR AT Z VR T 0 BB, S 7 R /N
AR SRS B S, 5 12 KGR A AR B, R
ket B /IR U S D RE SZ A0, A T B NS B B
/NER, BUN il Ser A5 6 Kl BT s, 5 T9%
PR T NGAL 7645 3 KA B2 T, B R IRR
TN SRR G 1 % 2E 5 CysC 7E4 6.8 KB
T, UL 0 B /R S T e, LA W2 7 S
PRRRAE—3

ROC 4} Hr & BE 212 Wi 50 1o Tl Bl ) IZ B 5 2%
JriEz— AR EBRA A A 2 Rk 2 AL RS
I e 25 Tk 1 B AR VE " o DB g A A
PROFCF ECBAE FR) L LU S o 8 A A (A 2 {1 B 4
) 2 Ak £k R BB, U3 2 IR o 1
T2 bR T A AR R e b 7 4 B S SRR
IR SV 2 50 O e SR, A TR S 2823, be e
RIS KR 360 7 251515 W7 SRR X 17 ) SRR L o S
PERY 2 5

FEABFFLGE TR, L3 S —FR &9 (9 ROC 23 Hr ™y
i R ORR A, (L AR () A LA A e
FhRSSTE] r I 375 4 2 400 194 78 Ak 7 SR 728 R AF 3 4 7
TE A v B /N R B /N 1) T AR 5% 0, 4
MM E B L2 A H 2R S . iR £
Fh L bR S W 2 & A BE TV ) O SO T 259
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XoF B JOE A5 A R o b S P A S A R AN (B L 7E —
s BRI R B A5 3 T aEse O, #Hs b H
R IG PRAG 36 o BUN T Ser 3 4E S — A4 4k i A
5 —FR R0 T A B, R A A B 0 1 12
W EAG A LS R SRR R . AR BIF 9T 45 R B
N, MLTE AR 25 0 20 X 24 Y 6 4% 1) G EL A B
B, 58 —fREW A, AR R —
PRI R R s sk aE. Hod, R /NERTIRE Y CysC
24 BUN +Ser, X TPl 55 23755 10 B /N sk 4 HL A 3¢
PR I ALAE 5 S BB /N DR W NGAL 414 BUN +
Ser, Xt F R KB R T 19 B /NERE B0 HLA 5 s
T WFFE LS S B TR S 1 LT 4 5 P 4 X /N
BR/ B /NE LS A RTINS L, CysC +NGAL 41575
PR 8 v ) 2 B e 1 R R R S e, R L
Xof T A SN R e A R A A5 LA R T L

AT R Logistic [F1IAZ5 4 ROC 4347, 1] 8] 42 b
Sy AT AR B 2 P AR R 1 DR AR A, 5 R A AT A
R JFAABAR 150 ROC BRI AR H B8 B4R 3, [R] Bt ml 37
BRTIREED . bR & A G 3R Logistic ]
PR, AT ARENFEA B e 240 B0 o b, %o o
A2 9 B A5 00 A5 B 1 R HRE AR, 52 H: CysC Al
NGAL (1) fA8, AR J7 R BRI AT A5 B2 AR 114 T 00 M %
{ELo A5 HH OB K I35 7 7 P 2 A BB v () 3
(L, D) P A0 o A 1 2 o

(EAS TR A S, LY A 5 400 1 A 00 50 7E AN [ 3k
B —E M, Xl e S Wi & R A & R K
T FEARZERFEZMIE R A K, Ryl iR 22 X
SEIFZ I | AR 5T 06 103 A 2 4 A8 A 5 SCR A M 3
SR -5 A0 L s ] i 8 0o B 2L L 265 1) v o

25 LA, X BT R R S 10 B /N BRR A0 R0 DG K B
ZiESE/NEBU L5 B D RERNFE 45 BUN 1 Scr
HLA— 5 B B5 85RE , (H N B 76 5 30 1000 B 4645 1
Az 5l CysC FI NGAL H PR 25 R A8 Ak i) it i) 1 5 T
ARG G2 L5 AR 4, 76— 8 B b ] FU
B 1) e R R K S AR Ak . 25 ROC 43 AT, 34 43
51155 BUN Ser 4145, % B /NERFINE /NS 405 45 2 L
BE I RLAE, Hith, CysC + NGAL 44 A I THEM
ENEESVESEEETr

TR AT B PRI A P bR R R AT A A
F VL VE A w2 7 Bl A ep 24 B PR T YRR R 1 B
PERT S SRR IR L, M REA T R, BT
51 3% BUN H1 Ser [FAEAGIN . 2459 730 B B 1 i ot
TEA R PR B 36 BIF 5 5 15 PR o BE AL, T AR A 5

SR AT 2 R I PE Y A T ST S 11E BEE 25 1 1)
LIRS . R, ZARE Y RIS, o 25 B R
YRR AL TR R S R 0k

S0k
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