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Abstract: Objective To explore the change of endogenous metabolites in serum of rats with erythronoclastic anemia and the intervention
of Lvjiao Buxue Granules by using 'H-NMR metabonomics coupled with multivariate statistical analysis. Methods
Acetylphenylhydrazine was used to establish the rat model of erythronoclastic anemia and after a week the rats except control and model
groups were given to Lvjiao Buxue Granules (8 g/kg) separately once daily for two weeks. While the rats in the control and model groups
were ig given equivalent distilled water respectively. The endogenous metabolites in serum from all of rats were analyzed by 'H-NMR
coupled with multivariate statistical analysis. Results Compared with the control group, the levels of lipids, lactic acid, and acetone in
serum of rats in the model group increased while the levels of alanine, valine, creatinine, phosphocholine, glycerophosphocholine,
oxidation of three methyl ammonium, glycine, and arginine were decreased. The levels of these endogenous metabolites with significant
difference were reversed to normal by ig asminstration of Lvjiao Buxue Granules. Conclusion The mechanism of Lvjiao Buxue
Granules on tonifying blood is involved in the pathway of energy metabolomic, lipid metabolism, and intestinal bacteria metabolism.

Key words: Lvjiao Buxue Granules; erythronoclastic anemia; 'H-NMR; metabolomics; endogenous metabolites

Y AMIL R B BTl B AR K o, 2R MR A D
ARG, AAWPIAML, IS WM DU @RS 6T SRR k]

ks BE: 2015-06-09
EEUH: FERARFIEEEHDITH (81441096); 11754 RHLQIH H T HBA (2013131015)
TEEENY: XEE (1988—), Lo, WWGHFEAN, WILAEs:, #5722, Tel: 15135143878  E-mail: liucaichun714@163.com
HBEEE  HRAE (1980—), B, WA, B, @B, WO T A L R TR o
Tel: (0351)7019297 Fax: (0351)7018379 E-mail: jstian@sxu.edu.cn




23

Chinese Traditional and Herbal Drugs 28 473 35 78 20164E 4 A

* 1143 *

P PR I IO T DA KR B 1 T e, (R LA AL
HI AT TE A

VAR B 102 Fh T 2040 A7 R A R, R
2, A A AR AR I R AR
WLIRFT 2RO, iy Z BRI A S 1 ot it A
LA A L AT AR, H AT U T DY st
)1 25 206 P K AR o] e 4 (O v 25 42 f b
(A R AT, ARAEGR R M LRSORE R 4 b it £ FH AL
ST R IE R .

AR 5 02 R ) I B G 5y, RE
Sy R FLSEH R AELE % Fh 0 SR 20, &
R HLIRAS AR Th e R R 2 ST, X
HHZGVRTT AR ZN A VE R AR — 3, fErh gy iR
oy 200 LUK 2 P AR AE LI ST R
HHBARAC, b, THANMR A4 27 e i T
Wrike —, BASPdEBER, wRErELr. A
BRYE . T 1 A s s AL 730 K I
N FAb R 2t L EE R et
ERRIT BRI S A IPLRIRE G o AT
K] TH-NMR A2 27 7 i IO BT AR i 74
(19785 A, B LA 7 TRTAR 18 9P J I o R 7] 6 1 A
FHMLEL, A1 24 1 BRAT S HE R K3
1 #R5AEZE
1.1 75, RFIRINEE

R ME (R T A TR G BR A,
Fiks 25 g/, 'S RS1014S40112); D,0 (EHEBL
SORFIA R AN, U2 A R A
7], fit%5 201311023); Bruker 600 MHz Advance I11
NMR 4% (G [E A& A F]D; HEMAVET950 3))
PR A (SE[E Drew A ] Do
1.2 #h#)

SPF Zifd et SD KR, #& i 180~220 g,
FH b S R R A S S HRAT PR A wl ek, 201
PFa[E S SCXK (5D 2014-0001.

1.3 #HEEH, SEREY

KEAEFRE (2411 C. W (60+5) % e
AR ROREE @M. 1, BENL Y Joxd B
RO, o 2hd], BRAL 12 Ko BRAHIRg1sh, Bk
B> 3 UK se 2% 1) TR A A BT SHAL, - IS TRIFNG)
EAE 1K 100 mgkg. 2 4 K 50 mg/kg I 7
K50 mg/kg. MG T KiG, AT ig 4 T
AN IR, (ZEIRKIELH], 8 ghkg, MKHEIGR A
H, FRIRARR A R RS 25508, 6 2R

BRI 53 ig S 280K, BER 1R, 82 .
14 HARKE

i KT ARIRZ 25 1 h S IRIERU, T 1l
W AEFR I E o RG2S 2 h JG RRIER R,
ZRKEML, FiE R EE 30 min J5, LL4 C. 3000
r/min £5.0 15 min, Y8 FIE R, #3105, B T-80 C
UKFAIRAT o
1.5  M&RFERERNE

A KRBT ARG 25 1 h JGHRIERUm, & AT
PritE h, R, LABTBEL . S s o3 A
HEAT 2140 M 5 45 (RBC) « 21410 i 7341 58 5 (RDW)
AR (HCT) . LA EAER (MCV).
FIAIE AL (WBC), M (HGB). /MK
o (PLT) AU /MRAARL (MPV) S5 L 5 R)
FRPRIE -
1.6 MiEHA "H-NMR &7

S RTENS, B 450 L I3 A1 350 pL D,O,
ARG EAE 4 CR, LA 13 000 r/min B0 20
min, X 550 pL _E3EIIA 5 mm AZ R AR
KH CPMG (Carr-Purcell-Meiboom-Gill) fikii/5%1,
SBERIE] 2 320 ms, %580 12.019 kHz, FHF#KEL
K64 Wo HAMZER BN : PW=30 C (12.7 ps),
RD=1.0s, Fid ¥t LB=0.3 Hz.
1.7 '"H-NMR i%E 42 5 554

¥ 1% SR ] MestReNova (version 8.0.1,
Mestrelab Research, Santiago de Compostella, Spain)
KPR ZIESCERTTEN, DUNUET S0 A2 A7 7%
(63.04) MArAE IS EUHTIOE, JETAHA . 2k
LS, RBRKIE (54.5~52) T4, XL
FEIXH) § 0.7~8.0 #% [ 5 0.01 SKIEAT 70 BeALIY S
¥ M AT 3 — b B 5 N O
SIMCA-P 13.0 (Umetric, Sweden) 1, >RHMAE
Fe# 5 (Pareto Scaling) BEAT AL 5 H 32 143 43
Hr (PCA) BEATHIA 0Hr, 15 M dse /) — 3fedd: A i)
SrHT (PLS-DA) U810 g5 5 oy 1 I BRAR IR Fxf
SRR, BRI ZE e AL 2= S, R
IEAE 5 IE (Orthogonal signal correction, OSC)
AEFE, Sz 1 IEAS s /s 3Rei A 53 By COPLS-DA)
215 HUS B (Scores plot) AN ) S-plot, Ff
et A s 2 A st

2 FERESDR
21 KRAEREBLZNK
L0 R LU, AR RNZ 220 25 241 K R AR



* 1144 » ¢ £ % Chinese Traditional and Herbal Drugs 38 47 % 25 7 8 20164 4 A
BRERIT (P<0.05). SHRALLE:, SN2 SR ICEIE " IE 45 A Chenomx NMR suite

Ja KERARFUEE P, HERARE, R NE 1.
22 MFFEMIEIRLER
XAt g, BRI KR RBC. HGB.

WBC £k (P<<0.05), MCV. RDW. HCT #J7}
7 (P<<0.05), 1fif PLT Al MPV g2 F [%(P<<0.01),
R LA A L BT A R A S T . 5
IR LLAE, 452540 K RBC. HGB. PLT. MPV
T (P<0.01), WBC. MCV. RDW. HCT #Jf%

(Chenomx Inc., Edmonton, AB, Canada) #f4-547,
FLFRIAH 38 PP UEIEAREN =), BRI N
PLAANIREE . A== M5 5 1 g Wk 3 hr,
PR 6 1.24 Kb = HEIE R SEE P RRIE S f
WPES, ARG #8327 DLHERR -

F1 BHXBRARRE (XLs,n=12)
Table 1 Body weight of rats in each group (X £s, n =12)

iR /g
P<<0.05. 0.01), CIEE R v AN I DA 415 . .
ELAMACHE, SR LR ST K RS L D) E LA A 265.08+1453 3627842375 97.07
P *
MR Drfe, SRR 2. i 21237+10.80°  306.81+2525  93.90
=1 A s
2.3 M5 H-NMR iZ[E %Y 21082+ 6.16° 313.87+14.15  103.05
IR AR BLILTE 'H- LI ] s
X FEZH O BRI T H-NMR #7538 B &) 1 B, A L P<0.05
ﬁﬂ'f&?’fﬁ%%\ 1 é\ﬁiﬁ\ m%:ﬂ%*%ﬁﬁi&ﬁﬁ*ﬁ’ *P<0.05vscontrolgroup
F2 BHEARLBFENIERILE (X£s,n=12)
Table 2 Comparison on routine blood index of rats in each group (X xs, n =12)
A% RBCA(X10”L")  MCV/AL HCT/% HGB/% RDW/%  WBC/(X10°L™") PLT/(X10""L™"y  MPV/L
Py 9.1540.38 90.024£3.92  8227£3.08 180.75+ 474  1647£1.06 11.91+2.42 10.07£1.51 6.49+0.64
il 7.40£0.32" 120.46+6.36" 88.92+2.87" 156.74+10.64" 23.49+2.26™ 10.31+1.69" 6.48+2.19"  5.924036"
Y 8.04+0.43%"  108.20+4.73"" 86.85+3.03°°179.50+ 7.17°° 21.62+2.11** 8.61+2.22° 8.16+2.23"  6.4610.55""

GXRALILE: TP<0.05 TP<0.01; SERAILE: “P<005 ““P<001, T
"P<0.05 “"P<0.01 vs control group; “P < 0.05 ““P<0.01vs model group, same as below

6

e

5 M )
1 MU %JNIM\\/JL \

3 2

1.18 1.14 1.10 1.06 1.02 0.98 0.94 0.90 0.86 0.82 0.780.74

1 EREKRRMEHA '"H-NMR B
Fig. 1 Typical '"H-NMR spectrum of serum in rats in control group
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Table 3 'H-NMR assignments of major metabolites in serum of rats

' L] 5L Su
1 N5 5t CH;, CH;(CH),, CH;CH,CH, 0.89 (m), 1.28 (m), 2.78 (m)
2 RRER JCHs, yCHs, y'CH, 0.94 (t,J=7.4 Hz)
30 AR JCHs, 6'CH; 0.96 (t,J=7.1 Hz)
4 HER oCH, BCH, yCH; 0.99 (d, J= 6.6 Hz), 1.04 (d, J = 7.2 Hz), 2.26 (m)
5 TR CH, 1.07 (d, J = 6.6 Hz)
6  BRETR yCH, 1.20 (d, J = 6.6 Hz)
7 AR aCH, BCH; 1.33(d, J=8.4 Hz), 4.12 (q, /= 8.3 Hz)
8 WK oCH 1.48 (d, J = 8.6 Hz)
9  MER JCH,, BCH 1.72 (m), 1.90 (m)
10 iR CH; 1.92 (s)
11 N-ZBEBSEE CH; 2.04 (s)
12 BRI oCH, BCH,, yCH, 2.08 (m), 2.35 (m), 3.75 (m)
13 O-LBipEEE  CH; 2.14 (s)
14 BB aCH, pCH,, yCH, 2.14 (m), 2.45 (m), 3.77 (m)
15 P CH; 2.23 (s)
16 LB TR CH, 2.28 (s)
17 PRI CH, 2.37 (s)
18 BRI CH, 2.41 (s)
19 iR CH,(1/2), CHy(1/2) 2.54(d, J=18.2 Hz), 2.70 (d, J= 18.2 Hz)
20 HAR CH, 2.65 (t,J=9.0 Hz)
21 — i CH, 2.92 (s)
22 JULEF CH;, CH, 3.04 (s), 3.93 (s)
23 JiERTE N(CH3);N-CH, 3.19 (s)
24 TERRARGL MN(CHy), 3.20 (s)
25 H R R N(CH,), 3.21 (s)
26 FAL=FE CH, 3.27(s)
27 IR CH;, CH; 3.26 (s), 3.91 (s)
28 R OCH; 3.25(t,J=8.4 Hz),3.78 (t,J= 7.2 Hz)
29 VilIN CH 3.35(s)
30 HER CH, 3.56 (s)
31 IR o-CH 3.60 (d, J=17.2 Hz), 4.24 (m)
32 JULRE 4,6-CH 3.63 (s)
33 % CH, 3.74 (s)
34 =REH (CH,), 4.06 (m), 4.24 (m), 5.20 (m)
35 o] 4 B 1-CH 5.23(d,J=4.2Hz)
36 EER 3 or 5-CH, 2 or 6-CH 6.89 (m), 7.18 (m)
37 HAER 2-CH, 4-CH 7.05 (s), 7.75 (s)
38 RHAEMR 2 or 6-CH, 3 or 5-CH 7.32 (m), 7.42 (m)
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Fig.2 PLS-DA scores plot (A) and corresponding validation plot (B) derived from "H-NMR spectra of serum from all rats
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Fig.3 OPLS-DA scores plot (A) and corresponding S-plot (B) of rats in both control and model groups; OPLS-DA scores plot (C),

and corresponding S-plot (D) of rats in Lvjiao Buxue Granules and model groups derived from '"H-NMR spectra of serum
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Fig. 4 Relative peak areas of endogenous metabolites with difference in serum of rats
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