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Metabonomics study on nephrotoxicity of Aristolochia manshuriensis
ZHAO Jian-yu', YAN Xian-zhong', PENG Shuang-qing®
(1. National Center of Biomedical Analysis, Academy of Military Medical Science, Beijing 100850, China;
2. National Beijing Center for Drug Safety Evaluation and Research, Institute of Toxicology
and Pharmacology, Academy of Military Medical Sciences, Beijing 100850, China)

Abstract: Objective To study the metabolic profiles in the urine samples of rats dosed with decoction
of the caulis of Aristolochia manshuriensis and the relationship between the results of blood biochemical
analysis and histopathological analysis, and to explore the feasibility of the application of NMR-based
metabonomics to toxicology of Chinese medicine. Methods Male Wistar rats were administrated by ig 36,
32, 28, and 24 g/kg of A. manshuriensis or the equal volume of distilled water for 6 d, respectively. Urine
were collected and their "TH-NMR spectra were acquired, and then subjected to data process and principal
component ana-lysis (PCA). Blood biochemical analysis and histopathological examination were carried
out. Results Compared to control groups; the urinary concentrations of TMAO, taurine, creatinine,
DMG, citrate, and DMA in dosed groups decreased, while those of acetate, alanine, and some other
amino acids increased to a great extent. The dosed groups can be readily discriminated from the controls
based on PCA, with acetate and TMAO as main discriminators. A good agreement was achieved within
clinical chemistry, microscopically examination and PCA data. Conclusion The caulis of A. manshuriensis
can induce renal lesion as revealed by the metabonomic analysis of rat urine samples as well as blood bio-
chemical analysis and histopathological examinations. The results show that the metabonomic approach is
a promising new technology in toxicology.

Key words: the caulis of Aristolochia manshuriensis Kom. ; nephrotoxicity; metabonomics; NMR;
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AAN) EREE. BN X PENARRRNLH R
EHRMZ FRPHLLERNEERRESIRT
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AR, BAMFHRERFARBAY (metabo-
nomics)PIHEAT RGP B HETR L . R4 FEA
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NMR) ¥ % £ R ORI A S RBUR
8) PRARERETY  EEEYERZ IR K
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B) HRBEn Ak FRAEYERRABER. &
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XEREN - RHRRAY, XA EE R
K EFERAREPLRESZETE RERHA
FEREPMEARRGESEENEFRE, FER
TEPEFELHFRX . 2LBNHAET NMR 848
WHEFTE MXABRBERKRSEERGHY
BMABRTTHR.METXABESEFREEAY
T RE 030 R A PR B 2 4R R, DL R SR KB S KRR
W FEB (metabotype) HWEW S HREREH X
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1 ##

1.1 3. Wistar KK, 8#,KE (220+£20) g,
HEFR¥B¥EIRAY P OERE, FFEXR
EBYAYHR YA EERAERAM, =
# 25~28 C.3¥ B mHBR. KK,

1.2 Z5b.XABWEZMEZM TR LA F
RAMEER FEHNPEXRPEHHF LR
HREEHGHEAPHEY AR DL Aristolochia
manshuriensis Kom. BT REX  BFREARE,

1.3 RAREKAR - BALREHE. WEXAE
1000 g, ¥, A 6~8 1% H KK, BH 30 min, il
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AEBE, AR 30 min, HZR; REFMA 4~6
% B KK, B 30 min, A ZE BB, AE 30 min,
BHFRGW, BT WG H B 500 mL K R
(MHHEF4EZ 2¢/mL),4 C WEEM. XA HPLC
FEMBESELR A 0.058%,

1.4 Y 3%:Varian UNITY INOVA 600 JK#5 5 Bk
A E AR NMR #5{, W B %E Varian 24 F;
7020 £ AZEMS I WE BAHMAF.

2 A&k

2.1 FBYMHARAHFTE B 10 R, L4 4,1
s 4 KT R (1804+20) g, FENLYE 10 R KR4
HEAHE 6 X TR 4 R, A4 R ARE KRR
(M5 2 g/mL) BAR ig,1~4 HEF &K
36.32,28.24 g/ (kg + ), BR 1R, EL 6dig &
75, HBALTFEKK. AZAHE. KREHEKE.
wok. REERELAEHYHTREREFRE
M.

2.2 RBHWEMLE:. RARBEE NGEHE
FirBRIE 12 h RIK, ELWE s dRMELER
BETKEMA 1% NaNBBAENBHER . Xk
EHRBHETEOLHE R EFR.BF —20 C %
FPRAFEMA. NMR W BATEE S AR 76 400 pL
REEF A 200 pL & (0. 2 mol/L Na,HPO,-
NaH,PO,,pH 7.4), & 10 min,4 ‘C.3 000X g &
L> 10 min; BU_EE ] 500 pL, 550 50 L D,0O,5 pL
0.1% TSP; % A 5 mm B 5% P47 H1R

2.3 M¥ . RBAEMAIT - BOHLLE,H 7020
2 B34S A0 E MR R IRRE (BUN) #
WLEF (Cr). [Alad i SR T A AL 38 4% . pH 1H . H
#HE (GLU).EBH MK (PRO).¥ I (BLD), &R &
(KET),HZL % (BIL),RHEJE (URO), LB
th (NIT) . T B BB 4 SPSSS. 0 45 it 5k #h 4T A A

ERTFERI. BUEU =45 Fx,HEAEZRRA
t B, AR HERANERNBIERE,
2.4 BRRHEYEE. KRAHLHRE, RE\ERIT
R BsF [ ) % KRR B o R R A B R K e R TH I
5. KRG 4% PHBERDIABREE AR B
P A R A HE §efa R E DK,
BH. B REHTHAEBHENRE.

2.5 NMR BERES5 S BELE Varian UNIL-
TY INOVA 600 #8 5 Jik v i B o 25 % NMR %Y
FRE. RAFABURAE 1D NOESY ik rfF5], B
MFSHEFE 7 000 Hz, BB E 0.15 s, B E
SREFIE] 2 s, RAE AR 64 K, BANKEL 128 WK
B 2 R S8 ) SR R T A O X kK 0 AN DR B R
BHEAKENHAE. FID F5S2 B REHELRY
NMR B, BT RS RN 0.5 Hz K FKEF. U
TSP ALEMBSHENILE,IEEN 0. HRITLE
Bt E, fH VNMR RGN EHR SR —HE
A 1D NMR B#EZRBAR K 1D HE (ar-
rayed 1D), R 5 # 47 FT ZB#, AR IE, BRK
iE, BEBIATEE (M 80.5~9.5,8 Bk 0.04) #4T
4y B 3 B4, TR B HE BR DL YA R ik R A0 89 38 4
(84. 6~5.0) MAFREEKIBS (85.5~6.2),%
B AW BT A R B3 —16, UL Excel U&=
5.

2.6 PCA 247 .4 L3R4 B W B8 X FLH SIM-
CA-P10. 0 #f445 (F L, Umetrics AB, Umed) 3
17 PCA Git4r#r.
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331 KRR ANEHRENTH.LHASHHALRK
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M KBRRARM. B, BATH, BKBERK, AE
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*1 SAXRUGETL
Table 1 Weight changes of rat in each groups

g B AR/GgekgD  BH/R il
1d 2d 3d 4d 5d 6d
RAE 36 6 200+5 19945 197+6 194+5* 192:£5* 189+ 4**
Xt B — 4 19446 19645 19846 20145 20246 204+ 6
XAE 32 6 20345 20144 196+4* 193+5* 190+5** 187+ 5**
it B - 4 19948 20148 20446 206+8 20848 210+ 8
RAE 28 6 205+4 20245 19945 19445+ 19246** 1814+ 6**
it B — 4 19746 19947 20447 20848 212+6 218+ 6
XA 24 6 186+2 18142 17742 17044~ * 1644 " 161+ 3~
g — 4 18143 18344 18349 18648 18947 196412
SxtEAE k. “P<0.05 **P<0.01

" P<0.05

* * P<C0. 01 vs control group
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3.2 RKRUMMFAMNT - NE 2 PHTH, 53 A
M, & L4548 BUN f1 Cr AR, HFERRK
Bitt. SRUEFAXKETIEABHFREHE.

£2 FAXNME BUN #1 Cr I
Table 2 Changes of BUN and Cr in plasm
of rat in each groups

- - | A/ B/ BUN/ Cr/
3' 3 kﬁﬁﬁmﬁﬁ@%%ﬁi%*ﬁ%ﬁﬁ H ﬂi% ﬁ SJ (g . kg—l) =3 (mmol « L—1) (pmol «LD)
3HAL, KERREBEAAGHAENI,BESE 3 XA XAB 36 6  68.20+£42.63°* 141.78+170. 24
ﬁﬁﬁﬁﬁ%;@*iﬁ 36 g/kg gﬂﬁ;% 4 fﬁf&—*ﬁl@ ;iﬁ - 4 7. 011: 1.16 23. 38i 2.03
3 32 6  37.41%+ 5.50°  92.88%t 74.42
1%, T HABA WSS 4 RFFBEF,F R BZHIE oyl - 4 7.77+ 1.06 35.33+ 15.53
KEMNBAWN 3~4 5. ZLRXFoKBHRE %AE 28 6  24.50£12.39"* 63.19+ 62.41
it 4 hog:] — 4 8.60+ 0.66 23.324+ 0.80
#AT T EASHT, H o GLU.PRO.BLD M pH RAE 24 6 17.25+ 7.11"* 26.37+ 12.18
ELHRF—ERNHM,FERARBREK, L Xt B - 4 6.65+ 0.87  20.20% 2.77
AU 8 ;W BIL.URO.KET W% WK%, SR BAKE: *P<0.05 **P<0.0)
3.4 i Eﬁ"gﬂ&gﬂg}{ﬁg#ﬁﬁ . %_ﬁjgﬁj(a 'gﬂ&:j( "P<0.05 **P<0.01 vs control group
3 EAXRREBOTL
Table 3 Changes of urine volume of rat in each groups
a % &/ Y/ - RE/mL
B (g+ kgD " d; d; ds d, ds ds d; dg
RAHE 36 6 1146 1547 1343~ 842 16+4**  26+5"* 3448 387"
oyl — 4 941 941 942 8+1 9+1. 10+2 1041 9+1
XAE 32 6 9+1 11+2¢ 941 1544 2043** 2743 34+6**
Xt B - 4 8+1 8+1 841 8+1 8+1 10+1 1041
KAE 28 6 10+£2 13427+ 9+1 1543+ 23+3**  30+2**
pogii] - 4 8+1 741 941 7+1 941 10+1
RAE 24 6 10£1* 13+3* 941 182+ 22+2**  26+5**
pogii] — 4 8+1 8+1 8+1 8+1 941 10+1
S Ra . “P<0.05 **P<0.01
*P<0.05 **P<0.01 vs control group

14 5 6 B S 50 R 2 A (BT L A 3, Pl R R/ AR
— SMIRAT I 9 48 CER FORE , 1 T 0 P DR P ke A B R
REMXA L ER AR BEEERK., FHREER
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fii 9% BESR X /N b B AR AT s A b, AT AR
FNEERARRT . ERENTRARER, REE
R B /DIRER A T 40 A T R AR B )

A-3f B4

PR 3 AR TR, BT LA B 0 P B 4 R A B R
REMERBAMENTRARLAM. BEFEFK
JaK B 38 B8 K % R B L IB) R R AT A AU B
WA AW, BYERRBAR, ZENEER.H
RAOBEREY K, NELEAREE . ERNE
RBEFE IR FEXBEEFFLALRELHE
SRWE D,

3.5 NMR EIE R RB 28 A RBRE®
'H-NMR # (B 2) 8] &F i, K BUREE R P 380 3

B~D-36, 32, 28 g/kg X ABEH

A-control group B-—D-36, 32, and 28 g/kg A. manshuriensis groups

1 SAABRERAARELN
Fig. 1 Changes of renal histopathology of rat in each groups
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VAL BRTAREA. FFEiKENHR
R (1 S, 3.05.3.92).Cr (2 S04, 3.04,
4.05) 4R (3 B, 3.29.3.42) B =F K&
(4 544, 3.28).2-F R B (5 54, 2.44.3.02),
FER (6 Bi%, 2.54.2.68) K58 (7 B14,1.92),
FLER (8 504, 1.35) BRHIM (9 54, 2.40) H %
(10 B#%,2.12) .~ Hfk (11 B4,2.24) . —FHE
B (12 51%,2.93) ¥, HPEFEZRABEHAB KR
AF  BERR I 1 i 70 % N 5 2R TP R TSR, T AT R A
SH=HENENAEAAIRPEHRES, EFIE
L8 (F 1) BXHBKE. FRRABRHRELA
KW EASR. MAER (13 5% ME2LHER,
MERS .. AE 3 UEL  AHA S BARKNK
B RS ZHRAPCA EREHE O, . AH45
XEBAKBRERE-ERIPH EAER, BB
BXAFR, RAKRBERAZHN N ERLS 5
FEFRABESRTLUEL (B 5, KEHAESD
EFEAME, REDBAEERA, ERX &SR
RMLEWERTHARZER ., LhRBHRRL
AYRBERAEL=F.
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B2 xKifi 36 g/kg AXRE#HMN 600 MHz
NMR ® B BER T4
Fig.2 600 MHz 'H-NMR Spectra of urine samples
of rat in 36 g/kg A. manshuriensis group

4 itig

AL RERY, LUE AL IR A LSO R
4 R 2 AR A W AR HE , XAEX KRR
AFHBHFEE. A - ENBBXRXE5CEK
ORI E R —BM . RAGE B X TR B
HRANGHEBMNERE . FERRERENE,
RAAMBR RERM,; FEFRIEHRED, KR
K R AEMAR; FDIRFERAE,(LERH

3 EZLT6d B NRAKXR (A) FHXAKIE 36 g/kg
AXM (B) K#H 600 MHz NMR ikt @
Fig.3 600 MHz '"H-NMR Spectra of urine samples
of normal rat (A) and rat in 36 g/kg A. man-

shuriensis group (B) after 6 d administration
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Fig. 4 Score plot of PCA analysis of urine NMR spectra
of urine samples from rat in 36 g/kg A. manshu-
riensis group (A) and rat in control group (B)

at day 6
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Fig. 5 Loading plot of PCA analysis of urine NMR spec-
tra from rat in A. manshuriensis 36 g/kg group
(A) and rat in control group (B) at day 6
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M3 R B H-NMR % R 454 47, TAI %
ABRBERN SH B ESRBUX LR, B LR
AV ILAR . A B N-E AL = R R - R
MR R IR AR AR T K. —F
B R HEMSTENRBEYRESTRNHE,
HP R EBRAE R W) B B0, T A 5 AR
TSR . PCA 4357 % B3 4 25 48 A % HE 4 B
Bi5E 4 X 4 FF 3k, 0 41 ) 2 5 o AR A K B AR A
YRBMAELZTE., X8 anElseR
i E LA WS R LA, TSR A
MY 5 ZRREF R RS R RRRBE M
%o BN 925 10 3 B 3h i R TR I8 AL A AT
BEAE BT o B 36 K I I TR PR AE

SEMWERELRR RASAFEEXREM
L RBHA% AT EE SRS EERRR T %
BB . B— REE AR RS
. ETHBREORBESEARATURATH
HEEFRAPEHEMBR, RBHELY R
L B R, A R R R IE L F 25 Y 0
S RB RIS, B RIBAE TR
HEBTFHMOEARB TS, WAERPHAZLH
St B4R B H-NMR #% ER A 5 X 455k, 3
HEMBSHANBRRAS X4, I FHRFRET
DA XS o 25 25 b R AT R B B = R
5 BT R SR 483 B A B 89 A kR B U AR R AL
HE B, EWER S R RIS B R R AT
R S B IRE , TR ALE(E B A B Tt
A 4T X B RS TR AR R, R 2 B R TR
RGP R P AT URES RMER. LR,
NMR # R & 5 EA 8 554 8RR 8UE R, B
i, X A 4 1 B K P 546 AR 8 P, T LSRR
LC-MS BF#H AR . NMR 1l LC-MS HE# 7, &%
BWAXHFRPREENHHERFR,

EER, PN FREERNEC25RT B
X, BFREREREE, LB TFREAMK
BRE L HHOAR LR TP E— SR
S BB L. BT 2 M A
PR R E AR , R 2 WM 0 G — bR BB
AR, PSR RN, BT

il P AR ST AL, B B R F Bt
ERAPA#TREEIN B SEREINE S
HIEM IR . BR,E T NMR BEARMABHA
Y RPHEEEHRBETHIOERTFE.
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