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Evaluation of injury degree of rat nephropathy model induced by doxorubicin
based on metabolomics
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Abstract: Objective To carry out the quantitative analysis of the injury degree of model rat of doxorubicin-induced nephropathy based
on metabolomics. Methods 'H-NMR based metabolomics approach combined with multivariate statistical analysis were used to analyze
rat serum samples from different doses and different times of doxorubicin administration and identify the progressive markers reflecting
the progress degree of nephropathy. Moreover, the evaluation of injury degree of rat nephropathy model induced by doxorubicin was
conducted according to the change degree of related markers. Results Nine potential biomarkers for pathological conditions were
obtained such as 2-oxoisocaproate, isoleucine, leucine, valine, pyruvate, 3-hydroxybutyric acid, citric acid, creatinine, and carnitine,
among which 2-oxoisocaproate and carnitine were in a dose-dependent manner, that is, the greater the dose of doxorubicin, the greater the
variation of the endogenous metabolites, the more severe kidney injury, indicating that 2-oxoisocaproate and carnitine can be used as a
progressive markers reflecting the process of kidney disease. Conclusion This study provides the diagnostic marker of nephropathy, and
provides research methods and ideas for the study of other progressive diseases and the discovery of early diagnostic markers.
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HE . W8Tt ORI A5
) s ZHRAELE RN EL (TSP, Cambridge Isotope
Laboratories Inc., FZ[E); NMR A5f|E/K (Norell,
Landisville, SE[ED; X TR (BCA) B FHHlE 1]
& CHaREWHEARAGRATD; MER GRIIGER
PRI IRAT], HibS 1412E1, AUKE 10 mg/>0).

ANFEFHS Gilson BAE (AL BRI R A
FR 7~ % ); Sartorius BSA124S 73 #1 K ~F (ffi
Sartorius 2 7] ); KYJ-3 AMA L AU (Ab sty
HURFRHC A IR A |]D s 8 A 40 M AR AL C T

SRR R A T]); Tecan Infinite™ 200 Pro
2 I AEREARAX Chiti 22 1) 5 SC-3610 EEE B L%
B R R A A IR A A ); Heal Forece
Neofuge 13R V¥R & 0oL (R BB
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WA Bl E A & 5 A ] Do
1.2 ¥
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SAET ARSI S EARAT IRA R 324, Shvre]
IES SCXK (1) 2013-0014; S5 = AR
(23.0£1.5) C, MXHREE (45+15) %.
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KEEN (A2 B, IR 4~8
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250 g, @M 2 B, AEZ 300 g idE, AR
YRR IR E A 2 IR iv Pl 2R, L By
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Table 1 Grouping and administration treatment of drugs

fLiRk A IR A5
1 Cl  AIEHE, iv AEFEIK 25250 g
M1 432 RivFI# %, (5+2) mgkg ' 4250 ¢
2 C2  AuE#, iv EFLERK #1250 g
M2 1 RivB# %, 6mgkg' 21250 g
M3 2 KivF#EZE,+2) mgkg! #1250 ¢g
3 C3  AIEME, iv AEFEIK 25300 g
M4 2 Wivi#ZE, 4+ 1) mgkg' Z300g

22 #HARKE

B v G 0. 14, 28, 42, 49 Ko B
24 h JR, F BCA VAN JRER A& &, S0
FReE 7 . h2s e 12h )5, KR ip 10%/K & &
BRI, MEBhBKEL, CEImAEIAER] EP b, HE
211 h, BEOLSAAME. B KA B4
BIAE 10%F AR IR S ARGE P AT [5E , K
R E LR, AEBERKPoE, WEARK, JETH
AP PR R G AFAE-80 C#H .
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Feld 24 h RO (mL) Kt 8 24 h JR&E E A
24 'BELFEDH

N 10% AR /R AR AR, &2 Hk
K GEIE e I, RS RE RS, AR EAT —
ZRIEW, B, S 3~5 um Y1,
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(R B2l B, R BETRAS, 120 CH#E 20 min It
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KHFE B 40.5 ps, AR A TSP,
253 AL BRG] MestReNova
(version 8.0.1, Mestrelab Research, Santiago de
Compostella, PYPEA) HAFALEE. Fry EIE#HATT
BNAARL R . R REPE RS UL TSP Ak 2440 7% 6
0.00 sEhx, LTI LU, LLS0.01 Xt
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4.68~520) ARGy, LIHBRERR KR FEm . A
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Table 2 Quantitative analysis of proteinuria of rats in each
group 14th d after modeling

4151 JRE AHEM R/mg
2 72.03+12.30
M2 179.73 +65.74"
M3 109.42+30.18"
C3 57.10+14.79
M4 71.19£26.28"

528k €3 Al "P<0.05
"P<0.05 vs C2 or C3 group
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1 EALAMHEIE HE B4R (X200)
Fig. 1 Representative photomicrographs of kidney tissue of rats in each group by HE staining ( x 200)

®3 KRMEFS 34 #AHHVARE

Table 3 Assignments of 34 metabolites from rat serum

%i's Uik S (FFAIEVE) 95 Uik S (FFAIEVE)
1 SHEACH  094(d,J=6.6Hz),2.62(d,J=72Hz) | 18 2-FEHE®R 2.93(s)
2 moaER 0.95 (d, J=7.2 Hz), 1.01 (d, J=7.2 Hz) 19 WiR 3.04 (s)
3 AR 0.99 (d,J=72Hz),1.05(,J=72Hz) | 20 ALEF 3.05 (s), 4.07 (s)
4 AR 0.97 (t,J = 6.6 Hz) 21 6 3.21 (s)
5 2RI 1.13(dJ=7.8 Hz) 22 R 327 (5), 3.9 (s)
6 3-FFTER  1.21(d,J=6.0Hz),2.41 (m),2.31 (dd, 23 H&AR 3.57 (s)
J=13.8, 6.6 Hz) 24 HAR 4.26 (m)
7 I 1.33(d,J=6.6Hz),4.12(q,J=72Hz) | 25 Pp-Hi%ikH 4.66 (d,J=7.8 Hz)
8 WHR 1.48 (d, J=7.2 Hz) 26 oA BE 3.90 (dd, J=1.8, 12.0 Hz), 5.24 (d, J =
LR 1.93 (s) 7.8 Hz)
10 MR 1.45 (m), 1.73 (m), 1.90 (m) 27 HE&bE 5.19 (d,J=2.0 Hz)
11 BER 2.05 (m), 2.11 (m), 2.35 (m) 28 JRFEH 5.39 (s)
12 BEB 2.14 (m), 2.45 (m) 29 FRE IR 6.91 (d,J=8.4 Hz), 7.20 (d, J= 8.4 Hz)
13 HmEmR 2.14 (s), 2.65 (t,J= 7.2 Hz) 30 (RER 7.55(d,J=7.8 Hz), 7.74 (d, J= 7.8 Hz)
14 AR 2.38(s) 31 KNAR 7.34 (m), 7.38 (m), 7.43 (m)
15 BRI 2.41 (s) 32 KHR 7.84 (d,J=17.8 Hz), 7.44 (m)
16 2-Fd% "%  2.45(t J=7.8 Hz),3.03 (t,J=7.8 Hz) 33 HEENS 8.46 (s)
17 AR 2.54(d,J=15.0Hz),2.67(d,J=15.0Hz) | 34 PZbH 3.24 (s)
RO (B 2-A) TR, 3 fksie bR

R BRI A AR DAL 22 S 1T 2R i 3 AN, DA S Tk
YIRS, PR R R, K, A S
SRR VAN, SRR DU R A
FEHZIAER], S5 R 2-B s, &S KR
IRl s), BATRILENE, SRV KL
KA ZE 7 AR AR R 250, a8 3 #HEsEii A
AR )72 5 8 B s W 5 U 408 A0 e 2 ) B ST 9

LU ) C 4001 M 41H4%E PLS-DA #%, 4
3-A i, HEFN S T AR ME A T A 30 5
i, H R%=0.561, R*y=0.601, Q*=0.53, %]
B2l nl a8 AR K 452 - OPLS-DA
HOsE (K 3-B) BoR, C 4154 M 41K BRI B9
TP, WA CV-ANOVA 45 P=8.207 61X
10°<0.05, DRI T E w48 M 1
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Fig.2 PCA score plot of serum metabolites from three batches of rats (A) and three batches of rats after batch adjustment (B)
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Fig. 3 Permutation test from PLS-DA analysis (A), OPLS-DA score plot (B), S-plot (C), and ROC curve analysis (D) of rat

serum from control and doxorubicin-induced nephropathy groups
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Table 4 Three different methods to identify significant metabolites
contributed to classification between control and model group

TR oy VIP t K ROC AUC
R
1 FHERCH 095 217 1.59X1077 0.82
2 BEHEE 096 161 1.27x107* 0.74
3 RER 097 135 2.13x10° 0.70
4 HER 099 1.08 3.32x107° 0.70
5 AEEER 238 1.69 9.67X107° 0.72
6 3-FRETH 241 122 1.74X10° 0.73
7 MER 268 1.07 257X107° 0.87
8  JULIF 3.05 3.28 4.45X10°° 0.87
9 KEEm 324 6.65 1.10X10°° 0.87
H M1

v M2

S M3
@ M4

27530 ANTRIZ 2700 P 2 22 B0 K U AR
(RN, 5 IR B s B AR AT 2K 08 bt
CULZAL B ) TR AR5 AU U PR ARG W TR AR A Ak & )
ERIHE, THE SR AR, RIE I
BIrRE (a, HhiEEEXR M 485 &5 T C
4, TERR M4 SEIET C4D.

— = =\ Mi— Ki
a=1 Sal= 5K

M K 53 W3R IR AR R 4 b AR A & i, o
RSP R, a X NREn ks

& 5 Al%n, MI1~M4 A9 & 235k 0.931.
0.518. 0.390 1 0.300, ¥ Bl [k % e (1) 21
brED S, (5+2) mgkg 2 ZEZT SD KR,
AP E RN, B Bomn, B
PPEE, (4+1) mg/kg BRI M2 Fl M3
IR T = 2\, HRCRHE (6 mg/kg)
25T 0B A A R R 43 2 IR (442) mg/kg
R R B i RIL G R O
PR JULIE AT DA SR E A LS G C 415 AHN. M2+
BApias—2, W5 C 4Ltk M A Bid 4 AR
WAR S TR Hh S QAN SRR
—E MR, BRI, AR AR

B4 REMEEEXROMNE PLS-DA HAE R, WS DR RO, RIS e it e )
Fig. 4 PLS-DA score plot of rat serum from different model bR EY); MR IR L' R SER. N
groups induced by doxorubicin MR 3-F 2 T IR BAAEE 2R
#5 EFNFMEARREEE T HERREE
Table S Change rate and trend of differential metabolites among different groups
S On o [M1] o [M2] o [M3] o [M4] fEk)
é‘%j‘% Cg 0.95 0.996 0.853 0.356 0.135 |
TR 0.96 0.655 0.593 0.333 -0.089 |
AR 0.97 0.504 0.378 0.354 -0.169 |
HATR 0.99 0.545 0.379 0.358 —0.145 |
A BRI 2.38 1.318 -0.197 -0.106 0.566 —
3RETR 2.41 0.842 -0.281 0.270 0.533 —
SR 2.68 1.551 0318 0.122 0.779 —
HLEE 3.05 0.575 0.807 0.875 0.031 —
R 3.24 1.390 0.854 0.735 0.256 |
SRR A — 0.931 0.518 0.390 0.300
VTR — ks
V -decrease trend —volatility trend
4 itig 53 fiAA R A/ B A A P it T Tl

4.1 TEBRNKIH
B EAE R AL R IR A ol A, 2R

HISANE, BHERIER
B, Res iR AtRs B e Fm Ik By 1 ikisl, l%
AT ST ALY A 111 3 2 R KT 1 A 2 B A
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AT 3 BRI AT VAR AR Al e
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W0 h SRR 2 I v 3-FR 3k TR S i, &
B TCA fEIRSZBH, HERE AL AR b e 1 1) g s
1% B ARG AR RN AR T 1 FH 5 9] 42 S e e i AR I 5245
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X AR ML IR 2 5 S0 e, AR n] Resxy
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Mbr&EY), BeMSAE SR PERAEROL T, W&
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43 HEKIE
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VR B o =1, Sh LR -BR IR LR R Gext 4l
W fg i A o P, AW B B 2515 S 10
WREEAAE K BT h ULEF & BT, R0 B Th e dn
P, I — 4k FLE RIEA 5 S (08 P B 22 i sh i
5, RMRT T S ReREe Y. M4 4 hizAR
A SRR, AT I A0 e P el
Kb 5993 R 05

2i BPg, "H-NMR QS 2B oR 45 S 5 4t
VAT T B REE BRI B AL, JE i 2
JiEMGE A T HRE) 9 MRBAR S, ¥ S RE A
R AX I DA R SRR AR o I FLAM L A i 375 P Y
PEACEII AR AR, A2 S e B s (M B A FE )
HHE T T 5 092 R s e B 4 A A RERE 1Y
VAR EIRR Y SESR QRN R, T A
KK USSR A A A HEE AT, BLARCR B SRR 7 vk
BEATHRIE, (EANHERR 7 e B 04 FRVE BB, DT
Jei 91— T 2% FE T AT A R 1) 52 s LA 56 5 B
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