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Metabonomic Study on Urine of Diarrheal Rats Treated with
Xiaoer Fuxie Waifu Powder Based on UPLC/Q-TOF-MS

CHEN Si-wei, CHEN Yun-ming, LIU Li* , LIU Qiang, HUA He-yu, ZHANG Ming-hui, ZHANG Lu
(College of Traditional Chinese Medicine, Southern Medical University, Guangzhou 510515, China)

[ Abstract ] Objective: To investigate the effect of Xiaoer Fuxie Waifu powder on the urine of senna-
induced diarrheal rats, identify the biomarkers, and explore its therapeutic mechanism. Method: Rat urine was
collected and analyzed by ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry
(UPLC/Q-TOF-MS). The acquired data were analyzed using principal component analysis (PCA) and partial least
squares discriminant analysis ( PLS-DA). The concentration changes of endogenous metaholic biomarkers in the
urine were studied. Result; Metabolite profiles of the urine samples among groups had been obviously classified.
And samples showed clustering character in each group. Six metabolic biomarkers were tentatively identified as
urobenzoic acid, citric acid, a-oxoglutarate, 2-aminobenzoicacid, L-citrulline and N-acetyl-5-HTA, which could
be obviously affected by Xiaoer Fuxie Waifu powder. Conclusion: The administration of Xiaoer Fuxie Waifu
powder could affect endogenous metabolites of urine, which may be its therapeutic mechanism.
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H 24 T U R — R L A RO IR 2 R ALY
HMAITEE o BB 24 G R BT AR
o RN 245 A ] e ] 3K 38 9 0 80CR 1) — A X
PLLE 2507 o IR IT R A 0 R ML AR i 8 1 A A
XHRG Y F R B DA E AR T
B, VLR B A AR AR IR T T T0CT 9 AR SR AE AR S
B B 25 728 A A% B0, B IR R AR BT B9 /R AR R AR
W A 0 51 X DA 2 AR T ) 2% 1A 2 F 5% XA
PR MU VR I PL R B A 2 & L. “/h L
TS AN W TP E ) T AR,
SR BT A R, B IR O R RS 2 ), A
WOBER T/ LA R SE F SOtk T o S0 i i iF
8 /NILIE TS S BOECT BB A T TS T O E K
BRR Y VR A A 7 A B A AR W Y AR A 4
ST 3 45 256097 IR TS L .

1 R E

L1 s R sh Y 8w RO 335 - 1Y AT
TKATHT ] BB B % ( UPLC/Q-TOF-MS) ( Waters 2%
7 ) ,ACQUITY UPLC C#: (100 mm x2.1 mm,1.7
pm ), I = 3 B0 ML (fE E Beckman 24 A ), HAK
VK4 ( - 80 °C, Thermo A H])

R (3 4l , TEDIA A w]) , s F & (3%
2, Merck A 7)) .

SPF G it Wistar K, 3 ~4 JA#E, m 0 EF
K2z SE g s ) b 42 4t & 4% IR 5 SCXK (1)
2011-0015,

1.2 /NJLIEVS AN ALk S il & /N LIRS Ak
ORI M) S4BT 9 iy ML G 1y, T & 6 1 R EE
6 1y, KR W ARy TR 5T, G FH AT 2 8 0. 4 g, LA TS
10 mL AR EAR 1 em K/ANGZ5F .

L3 HmRESHSE ZFIE (25 £2)C,WE
(50% +10% ) i@ AR &, KB T2 N R HF 12 h o6
B 12 bl G B 77, O DR 457 45 37 A o il Bt IR
FHoK B R 7 FEARR B i iy 5 d, S ] 20% 1Y
T V5 MK FORCHE L 0.02 mLeg 'L 4 d i K
REVS ALY, TH 5 75 95 5, 32 5 1 B B 3 A
Uiy K BB A3 B 3 20 IR VS LRV AL AP 45 25 4
MG LHHCER)  nAESHA, UL 44,54
10 Ho BFEBA 251658 1 IR 45 2570 24 h 76 H 58 (4
BR7CAER BRI E 2k b, D8I — i A A, B
WS BCE BN — i, A ELN 23 5
T /3 WSS S MR ) AR 3 em i
B AEB A 4 TE H A MM AR 3 om BB, 45 25
TE B8 A0 T /N LIRS A0 8RRy A0 8 1 O s < B
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2500 1A AT G T R @ b, % ik 2e 32l 5 d, B
KW AHFIMG25 12 h,

NER 2 J5 T i R RIS 12 h PR, 152 245 I Ak 2R i
12 h JRIBES 2 Ko &IF8 A RBURE IR,
5000 r-min ' Z.> 10 min, B 35 ¥ 0.5 mL, fin H
I mL, IR BEIRA,5 000 remin ' B.0> 10 min, B,
id 0.45 wm GALIEME, it UPLC/Q-TOF-MS 4347,

1.4 Jpbrscft
1.4.1 (4i% %1 ACQUITY UPLC C faiE4E (2. 1
mm x 100 mm,1.7 pm), i 0.3 mL - min ", H 5
40 C i hAH A-0. 1% WKW, i sh A B0. 1%
W IR ST, T s A B BE VR IR AR e DL 3R 1

*1 BEEREREHNHERRER

t/min A% B/% vmin - A% B/%
0 95 5 1" 0 100
2 95 5 13 0 100
8 40 60 15 95 5
8.5 18 82 17 95 5
10.5 18 82

1.4.2 FUg st BOgAUas 8 Waters i & 5 IAH

3% -0 % FF K AT B ] A I T 3 ( UPLC/Q-TOF-
MS) , SR FH HiL % 25 15 7 950 T 25— A2 AR T 5 I )
ARSI 4 51 600,100 Leh ™ JE 3 5 il
JE o 350 °C, 81ROy 120 °C, B 404 AL T A A
fLH 4300 3 200,30 V, 0.15 s RAE 1 KiGK,
S E R m/z 100 ~900,

1.5 B ¥ 4b 3 ¥ F Markerlynx Version 4.1
( WatersManehester, UK ) % {4 3k £7 {6 1% 06 2 51 DL K¢
W DCIE , SR J5 4 $i s 5 A SIMCA-P (Umetries ) 4,
R o3 20 B 2 (PCA) Fi i f5 /s — 3¢ 340 531 73 #r
(PLS-DA) X 2% 2H K BUR W AR L 2B A7 o0 e
TG 53 AT 125 e W 22 A8 i g e 1 A 4 DA H AR D
AR SR T — R 2 OC G i o U7 s, & DR
TEAS A T2 0o B A5 23 i L AR T3 A 0 1 R iy
23 [A) AR A, 45 2R AL 3 B 20 A 1] (Scores plot) il i 2k
¥l ( Loadings plot) ., Scores plot [ Jz Wt 21 [f] 25 i F&
JE AT IS RE A ) SR AR B EE o R 0 A A R
AT, U0 ok B A i v BT A AR S 031 Y 2H SR
JEMHE T Rz, MR BRI B, R 22 R BOR
Loadings plot [#145 75 B 5 X & #4345 o7 mk #2 J, &
R TR A ARk (MS b e g g ) Ay A
PLS-DA Jy i B A6 0 51 J7 %, PLS-DA A5 71 J2: 5 i
UG, A A R AR B il 2 %) 03 S A B DUk
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LS Y IE  HE— 2D B Uk Se A 5 W 0 22 S 1

L6 FREWmsEE AW w s ig no o
RS LR S & A B 2
GEitT oy B AR i B RN TR A AR R W e R
T3, A R W X AR AR 23 2 8 TRt B,
i B B M X 52 (variable important in the projection,
VIP) J& — R b ik 1 728 1t 307 3FA 2 880, 7T LUASCH 3
AT A0 09 B8, MR Toading plot [, 4 4 41
TUHRECR (VIP) B AQ ISP A7 4 B, AR 4 42 JUS AR
W4 (R AR X 53 Gk (m/z2) {5 HMDB') METLIN'*
and KEGG'* Byl FEHEAT FUxd ™ o SR 7% 3% 224
FEHEAT B R B3 (MS/MS) 2r#r . IF S8R 2%
SCHR 0 S MS/MS XS L, % H AR AR S
2 HR

2.1 A A YK A UPLC/Q-TOF-MS {4 3%
UL T, B LA TR IR T SRR &
KB TR O3 A A G R AETE R R 22 5%

Lsnf
1234567 8910111213141516

B

o

! e
1234567 891011121314151617

C

ol

1234567 891011121314151617

D

i,

1234567 8910111213141516
t/min

A F4B BRI B IR 4 DL AR AR T 4
1 BFXWAHAFHYMEHN UPLC-Q-TOF BEFiit

2.2 EWHASBEEREMARRNAHDIEZER E

4 45 S 5 A 20 O SRR ) HI A 43 A 1] (Scores
plot) i faj 2% |8l ( Loadings plot) W& 2,3, M & 2 7]
H1,7E Scores plot H, 75 [H 21 5 B 8 4 BE 4% 5¢ 4= IX.
gy, Bl B —E R REMER R BH N2 —E R
B o3 At RN 2 N 22 S AR N R i ok
W, A5 R 2H A B A AR AE , A7 T 1) A sz B 1
e R (1 i BE B B N R Yeum = 0.991,
Q°Y =0.725,

® .z 4l M. B . B i B B
2 ZHASHNANMNILEISHE

A FEd;E BAH
B3 Z=RAS5HEMAXMLLHFER

2.3 HEYREE 455K 3 VIP {H K MS-MS
HET 3, AT 45 6 BRI AR R, Lk 2,

2.4 FITHIN ATRITRCR B S BRIR YT
TUZH 5 AR I 97 41 0 18 53 A7 ] (scores plot) L &
4,5, S Z R AEYIBR S YA & R IR 2,

® . iRy A M. B . S 2B
4 BAASHEBABANIEHNEISTH

A & 4 B]H1, 7E scores plot o, 1A 2H 5 %8 45
SHAL SV SR AT— 0 K L a7
6 5 2 [ U 95 B A% 45 16 B 35k B 97 36 07 4
oI 5 o L 0 2 B R BEIR B 77 2 7 A H T LA
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©® AR 22 M. BRI A
BS5 RBASEFBLAAAMNILHOBISHE

FHo HIE S AT, 7E scores plot H, 45 AU 41 5 9 i 4
B AR E W ES . ERRAAHTR LR
KR o E AR B 4A 25 R 8 B T AR .

M2 nl A B T 6 Fhbs 4, 40 3k 5 R
R APEER | o-T % — W 2-48 2K R L L-JIN 4R
N-ZT-5-¥2 0 e o T bR 1R hy o 38 1 A= o AR 1) 3=
BEyy, AR AR BN LI TS AN RO g 8 R S
AT R R, T2 GE W B s R A I AL
PRAE SR AC I ARG, th BB B, Bl A ) I TS A5 R

R2 ARRBPEMRICUETEETH (v +5,0=10)

g ty/min m/z VIp YRR sk AL Ik o7

o R R 4.91 178. 16 2. 681 i 1 A ) 1.402 £0.012  1.910 £0. 145" 1.465 =0. 152%
FrigE R 6. 90 192. 14 2.673 = RIRAE A 1.337 £0. 147  1.085 0. 148" 1.282 =0. 098%
- I R 4.79 146. 11 2.422 ZRMAGH 1.617 £0.245  1.361 £0.149"  1.532 0. 141>
2-F IR R 5.86 137.05 2.392 £ B AR 1.453 +0.289  1.641 £0.021"  1.446 +0.108%
L-JNE R 7.92 175. 19 2.024 e 1.136 £0.477  0.913 +0.012"  1.125 £0.177%
N-Z, -5 -3 £, iz 9.12 219. 14 1.681 o S R AR g 1.543 £0. 144 1.802 £0.103"  1.455 =0. 156>

S AAkEY P<0.01; SERYA HEY P <0.01,

FERS A vh 5 =R BRI FR (TCA ) A5G B ARH ™ Wy by
M2 o-Fi 3 R K VT B TCA Sl BB 7 R 46 41
FEMR W) T i) A AR B BN A TR AR, ek 5
AE QU DI AR OC 38 5 s A R R AR B AR
WEELA B R R . IEWITE T R, TCA 15 3F
T, & R SR )R At BEIR AR . /N LIS AP
FHCOU) AT L A, A e 2-E
KR N-ZBE-5-F O HEs RS 5 T 5%
i (5-HT) B, S-HT 22 59 8 hiEis3)
F 53 WA ) e () L b 22 38 B RN 55 A MME S L S
M 18 1) 15 2 B AR G, 5-HT 5 12 Ak 455 J5 7T LA
FEF TF- 3 L, sl 38 ot i 2 £ e s e B B 30 g o
OB IA T H IS PR bR 2R A A A X A R AR . TE BB
J7 AT HREAR S-HT 1% & , A R T &F 5K 7 3 L, 98
A WCHR TN A3 W, N R IR YT IR TS VR o L-JNa
25 TR R . HERIEIRN S AL
N-F2 K 2R , FEAT F A0 ORI I Bt — S AL A
(NO)., NO 2B ik FARAE LG e (NANC) $
25T TR A M A 2 3 T, BBV R I RR AL
Wi, % 8 B 18 V-1 LA — 5 98 VR T TR] I 3 52 e
R I A R A R AR B R . R
57 A] LA ) 0 2R 1 AR, AT -9 NO i) & i, 384
I RIS

3 itig

3.1 WAk
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AN JLRE VS S B R T 25 2

TEZG, T E RS, Bk TS ST,
“REYE” . TS MR K B ) g2 VS ) T B T 2%
I, AR 8 00 0 S 5L TSRS RTE T . WO
iR R EEY i3 IO U -2 i £y 27 R A Rl TR S Y
L BRI k) T ) 3 B
Wrigbs R IR E TR BORTEE . ISR =ERY
M G TR o L v s {23k g I Sl 4 Tl )
S BERZ I, MY R . L
5 Yo Y8 A0 BT 8 TR RN E G o Ry 4 G, An
HE P (T AR em) :1( <1)32(1~1.9);3(2 ~
3);4(>3), Gitm BN — 1 1 HEE M %
B, SR K2 BT A A GO N 55 LA s 158 IR B A
Wi )-8 . MRS % — L B W v HE AR A 1 30
PS5 % s B B A L A o D 3 R
BN bR A i B 5 X HR 4 PR, RS R TS
WA 2R, QRITASARE 4254 5% 4l
P, METSHR BRI S5 A geit 24 .

3.2 JRIGACEIT IR AT IR SRR
Y T B R AR AR X 4T B AR, TR A
AR AN R 1 K S T T B R B R AR
ERFER Y I, X LA T X UPLC/Q-TOF-MS
OIMTE BRI SR HORE T R AL D
iuEE S AR R R R A
R A B ST B BRRORE S R I L R R B
IO, F5e 20 52 B il 1) A = Ry DRV R (12 2, 4K
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FULL) A TR B B0 LR, i LB B .

PRI N B2 A= W A, 35 60 B 0k 0 B 0% 3k )
BUF 1 43 B RBURE , i A5k v, T 700 A I o I
XA 1) B Al SR B i R DR A AR
FAEh EEMAT XA S
3.3 45 511E Scores plot BN, 31 & B %
Iy, BT X 85 K B T B AOR B 8
FART YT 4L o 3 A b AR A X R AR Ak F
R, /N LI T A1 koo I TS KBRS ML
BRI AL A YA ORI A E R
PR FIORGE SRR AC I, (o R R BE 1 A3, s 2 A3 A
B 2350 T K OV B I, DT A8 BYA YT RUR

S0 AR AR AR A 2 2 R E T /N LIRS
AR X 7 1 v BT SO ¥ R BRUELAT B AT AR
L IERE T HAR 7 ALE . S 25 6 o R
FRGEA W 0 T VR R AR R AR BT A A A, R AR
YIRTEIR YT T 0 (A B AR Rk 25 B B 2 28 L Y
155 L HEBIF 5T K 0 o
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