Vol. 27 BHEFEALFEFIR No. 3
2006 43 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 438 ~442

BRE1TH. SatEYRNAME
'H NMR £ R Bt HZH R

i ZRECKRT, Fnid, SR, FM4h4, £5E
(b ERRE B K AR LT, K2 130022)

WE RAMAREHIRF RN AR, 8 I8 5 4525 La(NO, ), (2, 10 150 mg/kg AT ) Fl
Ce(NO;)4 (2, 10 F150 mg/kg (A H) 48 h 5 R RUMTE R IR, i ARSI B iAo T
T B WA K BRI 1 Ao, FIH F2 A4 Al 9 8 6T T 2 e, AR (2 me/kg
KH ) 41 La(NO, ), Fil Ce(NO, ), i, FLERAUNLER BT 55 A IRPE A Wi B R A T U NE b 768 77 =2l
(10 F150 mg/keg TR ) 7, SEAFCE R M EZENFRERSI O 3-R TR, WA, NERE ., NE, L8R,
BRI AR A S, Hoh 392 TR MIN AR SAE La M B P ALK, Ce WIFIEAIMTE HPTER | BEHIR
A AR . SR SRR, G La M1 Ce MITRMERLAR, FEXTHLAREZ AR /)N, 80 77 4 DU A R
JERERS e, H Ce MIFEMERT La.

KR B T R SR A ARk

FESES  0657.2 XREFRIRES A XEHRS  0251-0790 (2006 )03-0438-05

BEAE i AL SPTE Tl RN B 25 S5 45U b (8 T2 W, s 1 00 3R BOR B 22 M i AL S AR
I B EEE AR, PRRE BT R 7 A WA oA 3 B A= T80 B s o 4R 1 LR
FEMIT IR . IR (NMR) HAR R AE S FAKF LAY 25 AU A T R i AT 1Y
FEJ R, HATME, 20, 5B KHAEBIR IR, BEE 3% NMR B9, NMR (%) R SO sy
PERA TARK AR, (AR M 7AW H NMR %95 22k, A0EE P IR WL A2 B Rk DA 1% 151 v
R R A fE R 7 B ( Pattern recognition, PR) #i AR E—FhZ0a Wik, FIHEXHA
W' H NMR 3% SR I S5t 2 1 7 A A 3B, AT AR 2 A f Ao B i AR PR Tk & &
T 538 ( Principal component analysis, PCA) H 32 AL (E B A &4 3 LA F s
( Principal component, PC) I+, | FH I 88 2 ple o R B AR Pl & R E B, #7438 Feidsg-o7. Al
FHEET NMR HAR TR BRSSO 2 5 0 5 i 8 AR AL S W s vk C BUS T 3aF 25
HLI8-107

RN AR R SR B RD B4 (La, 0, i 30. 48% , CeO, i 54. 67% ) , A SCR B
PEIARFEA TGN | i o A T4 45 25 La(NO, ) 3 F1 Ce (NO, ) 5 48 h Ji K BRUIALTE A% G LR =
T, P IR T S I 3k W s A B I TE DR B N Y e A s, T 2 1 43 A
TrEX ME AT T R IR

1 SEIGERSY

1.1 ¥

VEFIARE Ry 250 ~300 g B RAFEMENE Wistar KB 35 L, BENLIM AL 7 ZHAEACIE 0 B e 5% (51 2R
SRR | TR NSRRI ), X RRZH I BRI s v S A BRER K, SIZI6 20 R R0 e s T o (R s TR A 2,
10 F1 50 mg/kg VAT ) FIRA RSN (15T 2, 10 F150 mg/kg 1R ) 4524, 48 h Ji, B K BT 4L 5E B

Wik H 9. 2005-05-16.
HAETH ., BERARBERS (S . 20575065) BEH).
BER AR 3&5%%( 1940 iFH:‘IéE) , A, WA s 1A S0, WFH IR LRI S A 5T. E-mail . peifk@ ciac. jl. ecn



No. 3 Bk, AL AT A MO 0 A E H NMR R 2 AR 439

I, i B0 B AR BIMIERE T, Hr R UR, F - 70 CABEREN.
1.2 F kg iR

M ERE LA S mm NMR #£ & d. #FER SR 0.5 mL, HA & 0.05 mL FHKH T 837,
0.05 mL ZE ¥ (0. 2 mol/L Na,HPO,/0. 2 mol/L NaH,PO,, pH =7.0) JILAIS & pH 7284k 51 i 1% &
2Rk, DUNLBRTE & 3. 06 #Y R 004 POBR. 0L RE S B9 'H NMR # € 7E Bruker Av-600 #!
NMR ¥ _Filiz, R CPMG[90° - (7 - 180° — 7) n-acquisition (7 =200 ws, n =100) | AHEMEES], 45
BB RAER S FID RN 32 1K, 32 k Bl &, $ERN 6 s, R 90°mk f.
1.3 MmiEH& 'H NMR iZ##E 4038

K H MestRe-C 2. 3 JRAS A4 (hitp :// qobrue. usc. es) ¥ A BT A9 H NMR 3% 4% 6 0. 04 [8] fg M
80 ~10 ZP B THRARI, BRIk 5 4.6 ~5.0, XA R 238 B EIFEATAHA" | R0 A RWEF
HEFT ST

2 HRSHE

2.1 FERSIFSTTEERSEFNTEER S 48 h AR ME 'H NMR i 44

MEH R —Em, &AM ILEIa /NP s, mAeE Ko7/ B & 8%, nTiEbkH T
YIRS F NMR SR FEA R AT, (5T R NMR J5 kb4 AR B S BAg X IR, 1 1 MR
BRANAE R4 10 mg/ kg PR E 25X IR IS AY "H NMR 3%, Mg R R "H NMR % 1§
(AL 2ER AL 2 ) R A SR EE AR AR A T2 1. IR 1 K3 1 BCim vl U, 24 24 4% 5] il 1R ) ARV R i 1)
KBS T B vk B AR 0. 252 R, 452548 h e, JL-T-Fr A il 1 o 5 56 20 K BRI i
"H NMR 3 H 35 SR 3385 T R A5 S o IR 2, T DR IR (A 45 2 s R i 512 3 28 K BRI i v 5 dt
HEr EFE. TR IR AE AT 22 B-E Ak A B BRI A B4R NTNE . ZBE RN 3-8 T RS rh
[ = (BPEAAR) , Hor 3583 TRR L L2 3- 2 T IR S e AL, TN A SE AL 5 2B R R
BT "Lk RN BT BT PR AR PO L, I P 3-FR 3 T RR AN R 7 8 L IR B Ay 5|
AT g1 B AR A 5, S SRR I rh A R SR T A I U E R AR RE T, AT
We) A TE R A BRI RE, PRt 3-8 5L T MR AN DN BT AT DAE y SR 0 (A s . 150 1) B SR TR 0 A
THPREN AR5 L T D RE I, A BT TRT LA™ A 52 i A HLEE AT GEAS ).

Cho+PC

Water ‘

Lipid: =CHCH:CH =

Glutamine
—Acetone
lycoprotein

% |
f—- Alanine

e ¥

(CH2)x(in lipid)

)

Lipid CH=CH

- Isoleucine
(CH3z)(in lipid

Region A

L Lactate
£
.E.u 4 —
a-Gle g 3 2
o § z Valine
: A : ]
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

)
Fig.1 600 MHz high-resolution 'H CPMG NMR spectra of serum from control and two rare earth-treated rats
a. The control; b. 10 mg/kg body weight La(NO3 )5 ; ¢. 10 mg/kg body weight Ce(NO;) 5.
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Table 1 Assessment of metabolites in serum from La**and Ce** dosed rats after 48 h*

Metablite Chemical shift( &) 2 mg/kg body weight 10 mg/kg body weight 50 mg/kg body weight
and multiplicity La Ce La Ce La Ce
Lipoprotein CH; 0. 84 — — i — i -
Valine 0.97(d) — — 1 — 1 —
3-D-Hydroxybutyrate 1.20(d) 1 — 1 — Tt 1
Lactate 1.33(d) 1 1 1 1 T T
Alanine 1.48(d) — — 1 — 1 —
Acetate 1.93(s) — — — 1 — 1
Glycoprotein 2.06 — — — 1 — 1
Acetone 2.24(s) — — — 1 — 1
Succinate 2.40(s) — — — i — 1
Glutamine 2.48(m) — — — — — —
Lipid: =CHCH, * CH = 2.72 1 1 1
Creatinine 3.06(s) 1 1 1 1 i 1
TMAO 3.27(s) — 1 1 1 1 1
a-Glucose 5.22(d) — — ! i
# Abbreviations and keys: s, singlet; d, double; t, triplet; m,complex multiplet; —, not detectably different from control level; T, a de-

tectable but minor elevation in concentration; T T, an obvious elevation in concentration compared with control levels; | , a minor decrease

(20% —50% ) from control levels.

TELE 25 (2 mg/ kg PR ) PR B RV TR il ) R BRUIMLT A ' H NMIR 35, A0 15 e i oK
AARAL. EREZS 2 AN, 4524 (10 F1 50 mg/ kg VR ) i 2 #00 () JFC BRL I Y74 i 481 2219 R P9 22 R 45 4
BERR Er W BT, I R i b TR Rk AR bR SO, i TR R AR
AR TN S G, A N SIS S IF D RE Z AR &, ST RRSE th T La®* 15 SR 47 fift
PR SR BBES &, S0 T BERYIE T A BROIRE , 1 T 2R MO A BEAT 5O SRR, = 03 P =
FRIEIN , JFREA i B REATB dEa fe B. R824 ) i (50 me/kg MRER) fiF R R BT
IR | R AR FARR A ) 5 ik DI WA I, A2 25 6 DU A BT A1

CTRRESERENR TR AAL Y . CBECTR + ZTEGTRE A— CBEC TR A + 2R, Ik, 2R
A BT RIITE AR T AT B MR A QI BUERTL. BRI —DRMRIGPA A Y, —RIRTGER
SEMEA A 2Rt SRR R A SR ik LR B O SR B A AE SR R B R, AT
REER A L B T AR BRIRNG , S0 TSGR A iE 4, DI B — 28U e R b A4
BEREAR T AR Hh T R B2 v B 5 BT S R 1Y, B2 P9 43I0 R e 2 B i e 8-

TERTAT SE S A b LI B A WA A BT, R A S QO . 6 T R i 7 g 9 2 K R i
A WURRISE & B8R B, i a3 rP LR IS 35 1 BOR T EAY HEIERE T, 5 8 2 A B Zh e A
RS UG I R S RIS R S 2 20 ke LR PR, AR A 3, i LA R AR
(VSRS ALHT
2.2 KRIMF 'H NMR SEEH E X 554

FEWI R —FZougeit o irdoR, HF o) (PC) 2 i J5Uh 28 12 19 IR — 2 AU AR IR 1 248 2K
PLH A 1T BB AR B,k U7 B R n] R 22 M R AE SRR B A RIR AR AE R B R MR B, BTAR B AN
R, BORE A PC A BIREN R ARTT 2, B2 PC A/ N—28 iR 5 BB FP B ER 328, ]
ARG b A R R A B O R AR B R R0 AL B T HNMR SR O i, T
LA EDULA A T ANBEE A& 4 s 5 [ i AR s 17

K2 4525 La il Ce MIANTRIH R4 S50 BRALR BT "H NMR $58E £ ok oMoy 2R &, ih &l 2
APUL, BR TR (2 mg/kg PREE) fHTRBHAL , HOEARAR X IR W I 02K, 7 10 mg/kg PRI

HLE2(B) ], SR EALE PC2 Jrn b ot skE A, il F & 2178 PC1 F1 PC2 L #F A BTlk; 78
50 mg/kg REFIEA[ K 2(C) JH, PR 18 F7E PC1 Ml PC2 EIA B KTTHR, BRI La
Fl Ce XFHUMAER ™A= T ARG, (B A AR

PC 7 # KRR NMR HARIEXT PC (A TTHK, 2524 La Fl Ce AN[RIF 20 55 X5 A 4 1l 5 335 141 11 —



No. 3 B, B LM AL A B R oY E H NMR A M35 R 441

0 by ) 2ty (B) 10t ©
. ! 8
—2 . Ofva,
. o~ —=2r . =] 61 .
o ¥ *
67 —6 & .
n & .
U I 'y
_8 I 1 1 1 1 . _8 ‘I '} 1 1 L l‘I _2 L 1 1 L 1
—1.0 —0.5 0.0 0.5 1.0 =1.2 —0.8 —0.4 0.0 0.4 0.8 —1.2 —0.8 —0.4 0.0 0.4 0.8
PC1 PC1 PC1

Fig.2 Plots of PC1 vs. PC2 based on the 'H NMR spectra descriptors of the serum samples
from control(m) , La(NO, ),-treated( ® ) and Ce(NO, ) ,-treated( o ) rats

(A) La(NO; ), and Ce(NO, )5 (2 mg/kg hody weight) and control; (B) La(NO; ), and Ce(NO; )5 (10 mg/kg body weight)

and control; (C) La(NO;); and Ce(NO;3); (50 mg/kg body weight) and control.
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Fig.3 Scatter loading plots of PC1 vs. PC2 based on the 'H NMR spectra descriptors of the serum samples
showing the contribution of integral regions of the NMR spectrum to the separation
(A) La(NO, )5 and Ce(NO, )4 (2 mg/kg body weight) and control; (B) La(NO;)5 and Ce(NO; ), (10 mg/kg
body weight) and control; (C) La(NO; )4 and Ce(NO; ), (50 mg/kg body weight) and control.
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Investigation on the Acute Biochemical Effects of Light Rare
Earths( Lanthanum and Cerium) by NMR-Based
Metabonomic Approaches

LI Zhong-Feng, WU Hui-Feng, ZHANG Xiao-Yu, LI Xiao-Jing,
LIAO Pei-Qiu, LI Wei-Sheng, PEI Feng-Kui”
( Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China)

Abstract 'H NMR spectroscopy and pattern recognition method were used to assess acute biochemical effects
of light rare earths. Male Wistar rats were treated with both La( NO; ), and Ce(NO;); at doses of 2, 10 and
50 mg/kg body weight. Serum samples from the rats dosed with the two kinds of light rare earths were gained
after 48 h and analyzed by 600 MHz 'H NMR spectra. Each NMR spectra was data-processed to provide 238
intensity-related descriptors as input coordinates in a multidimensional space and analyzed by pattern recogni-
tion method. Many low-molecular weight metabolites were identified by ' H NMR spectra of rat serum. An
increase in ketone bodies, creatinine, lactate, succinate and various amino acids( valine, leucine and gluta-
mine) were found from the higher doses( 10 and 50 mg/kg body weigh) of rare earths-treated groups, together
with a decrease of glucose in the serum from Ce ( NO,),-dosed groups. Those results may mean that high-
dosage of La and Ce impair the specific region of liver. The similar toxicities with various mechanisms for La
and Ce were implicated by NMR-based metabonomic approach. Ce (NO, ), exhibited a higher toxicity than
La(NO,), at the same doses.

Keywords Light rare earth; Serum; Nuclear magnetic resonance( NMR) ; Pattern recognition; Biochemical
effects
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