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Metabolomic Analysis of Enriching Blood Function of
Angelica Sinensis Body and Tail Using UPLC-Q-TOF/MS
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Abstract ; The aim of the present study was to identify the different endogenous metabolites in hemolytic blood deficiency
rats,,and subsequently compare the different enriching-blood mechanisms of Angelica sinensis body and Angelica sinensis
tail. Angelica sinensis body and Angelica sinensis tail were used to intervene the hemolytic blood deficiency rats induced
by N-acetyl phenyl hydrazine/(APH). Metabolomic fingerprints of rat serum samples were determined by ultrahigh-pres-
sure liquid chromatography-quadrupole-time of flight mass spectrometry ( UPLC-Q-TOF/MS). The data sets were then
imported and subjected to multivariate statistical analysis and univariate statistical analysis using SIMCA-P14. 0. Com-
pared with normal group, the levels of succinate, uracil, orotice acid, cytidine, uridine, cholic acid, pyroglutamate acid,
cytosine , deoxyuridine,3-methylglycine ,and methyladenosine were significantly (P < 0.05) elevated in model group,
while the' levels of L-glutamine, I-tryptophan, isoleucine, PC (16: 0/16: 0) , and L-prolinein were significantly ( P <
0.05) decreased , indicating the hemolytic blood deficiency model was built successfully. In addition, the abnormal con-
tents of serum metabolites could be turned over after the treatment of Angelica sinensis body and Angelica sinensis tail,
and‘the Angelica sinensis body had better effects. On the basis of these metabolites, it appeared that the pyrimidine ,amino
acid metabolism, fatty acid metabolism and energy metabolism could be regulated by Angelica sinensis body and Angelica
sinensis tail.
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Sto WMCHWAF) HL S I B RESR I, FEBEAT
ML, FHE AT, A" CEAPERR) e B R
LT S 5 AR IAL I 1 3L 4 i LA E o (2436
ER)E SR, B AL " (AR FEIE )
CURE ST AME A D5 VTR FE , B A T (R
JRPE) (4 - 5KOCER) (A1) BEFN I AN ML, FE
i, By AL RIS ARZ 7 IR T I A AR AL
ALY WA 8 H A5 R E R — SRR T
FR PRIV B A 2GR 1 37 AURIIAL AV, 4 BH I T
Vi MBI BE A R A7 35 A ek AR AL I
IR TR I A 2GR B AR ROVE ] o
BACHETE R, S IH A [ 25 AL A E 7
AR AR SRS E T5 A7 AE 22 57, AR A 1o L
BUUEN T RSFOAS ~E X7 AR
A S5 2 AR T 0 A 2000 B S I
PRl AR i3 08 24 RN TR 25 TR AL A3 MR T2
LR BT TV, S TSR] 25 IR A B 4
IREN VRN G ES RSNV ETEE 2 i —eiiZF)
TUNSE o LRGNV BRI R REAT 24 PR ] L Bemt
FLIHLAE b, ALK R ) UPLC-Q-TOF/MS J5 {51
AP ML L R SR U B U e 4 24 i R Bl L 5 AR
P 2E 5, 45 5 B AN B AN AR FH TR DG Y
BTEAEIRRCH) , IR AR HAE AL S 7R R
S A e RO e 205 25 R A SR AL SR N

1 #MR5EFE

1.1 R GKFI 5888

25 T IRE K £, 4 HOf B 25K 2
Hh 24 88 4 IR R SR S 5 A T R )
Angelicarsinensis( Oliv ) Diels (R . J™#&F% FH 2015 kit
(A N AR 2 ) S U5 300 KL K 245 6 43 S
HIE B EB e Az B ER K (H1E45-: 1612193201, 471 %)%
PUZEA BRES D) 5 LR (L5 160302, 8N AZ HY BRI
BRI A BRA F] ) 5 $hER 4 BEA B (Hit5: 20160824,
g B A R A A 4B (Merck,
1499230-935) ; £, ik %% ( Sigma 70221 ) ,

MH-1000 33 784 f1 P (B K 244U A TR
8] ) s HX-T BV ROF (R T R AR 48 ) 5 i
HOR LA 40 wWL(HE5 20130716, ¥ ik 24 2= 7 41
AR/ s Triple TOF 5600 + %% ( AB SCIEX) ;
Agilent 1290 Infinity LC 8 /& JE W AH €0 3% 43 ( Agi-

lent) ; %l 5 7 %5 0> AL ( Eppendorf 5430R) 5 (4,3
1 : Waters, ACQUITY UPLC BEH Amide 1.7 pum,2. 1
mm X 100 mm column, Abacus Junior vet5 4 Ifil ZH
oA (£ [E ABBOTT A 7]) .
1.2 gh¥p R i i 14 i 2 K FRAR BY 3 57

Wistar K 32 H, SPF 2, i IE 4524, {5 180
~220 g, f1 22N R“Fsh S s b s it S g v nl
jIE5 : SCXK ( 'H)2013-0002

RS IR RREH AT, Hodr 5 2R RS TS 1 T 4R 26
14 d SP3BT S 2% APHA00,50 g/ ke GEAE ™ o
1.3 @ik &R Q-TOF Rif &4

FESR A Agilent 1290 Anfinity LC #8 5 %0 A
TG FR S (UPLC) BILIC € 3% A 47 73 25 5 AE I 25
C5ifid 0.3 ml/ming JERE & 2 wl; S AHAL A A
K +25 mM ZFREE +25 mM 280K, B: LI B HE U
Wi BN .0 ~ Lmin,85% B;1 ~12 min,B M 85%
R MEARLEE 65 % ;12 ~12. 1 min, B M\ 65% 2k 448
1% 40% 512007~ 15 min, B 4E457E 40% ;15 ~15.1
min, B )\ 40% &AL 85% ,15.1 ~20 min, B 4t
FRAE 85% BN Arid B AR B T 4 °C A BhifE ke
ar e SRyl S SRR A A5 T i B T 3 RS2, R
FHEEHUNUT BEATREA RS o3 b o FEASBAS thidi A
QC A& , T W I FIVPAN 2R 58 A AR S M B S e i als
AT SR

350K FH LI 25 L B (ST ) TE 25 5~ 1 17 25 146t
KXHATHR M, #F 5 & UPLC 43 & f5 H Triple TOF
5600 i (AB SCIEX) #E47 i 3 #r, HILIC {4
T4 B 5 B9 ESL JE 4544 40 F: lon Source Gasl
(Gasl) :60,lon Source Gas2 ( Gas2) :60, Curtain gas
(CUR) : 30, source temperature; 600 °C, Ion Sapary
Voltage Floating (ISVF) 5500 V ( IE 1 R IE) ;
TOF MS scan m/z range :60-1000 Da, product ion scan
m/z range ;25 ~ 1000 Da, TOF MS scan accumulation
time 0. 20 s/spectra, product ion scan accumulation
time 0. 05 s/spectra; — 2% JFi 7% >% F information de-
pendent acquisition (IDA) 345, 31 H % high sensi-
tivity #2 2%, Declustering potential (DP) ; + 60V ( 1F it
PIFIAEES) |, Collision Energy :35 +15 eV, IDA % &
W Exclude isotopes within 4 Da, Candidate ions to
monitor per cycle:6,
L4 BHHRAR#RMNHE"

PREGE )9, Yedrlle 1, ™ #g # B 2015 pierh
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] 24 L) 245300 B, DAAR Sk B Gl R Ak R 1A 3k
B 15 ~4 em; H3L DU FRE 0 IH 5, 52 A
B, RS- 5 bR AR 22 A H A MR R, I
LT 40T 2 258, 542 0.3 ~ 1.0 cm, 1 ] W20
YR, ZHL M E T 2R L Ira 2ib — ik by
AR ASRBAT  FERCT H o i B2 25 K2 BAL S0 5
o KEFRBUA S TR 25H 45 200 g, 435l 12 4%
K, AT 40 min, 5533 WOEE IR , 2578 PR LR
PRI 2 WK, B9 3 RIEWR, Wi 2 200 mL( &2t
lg/mL) ,3 ~4 CUKFARAT 45 H

1.5 HALB HERUERKREHA(QC) K

%[11,12]
T NP RR SR — ], Wistar KR 32 HEEHL > A5
FIXTRAE (K) BERIA (M) (H B2 (S), HREH

(W), 5541 8 H, IEHA SHIAIL 45T #EE K 20
mL/kg, 45 2540 53 145 T )3 5 A R /K BT 10. 8 o/
kg, HE B A2, R —IK,IELRGE12 d,

RGN, KA PRI K B, 3 3 bR il
2 mL A BB INZ Z WV 28 (EDTA ) (1) 3% Ifil
DAL, 4 I S 4 ot 240 53 AT ASCI s 0 R
SRl 3 mL, IR AR 76 B0 TR 37 C (B =) 7
B h T EEE )2, 4R )5 3000 rpm i B U
HE T ERE 08 T, 12000 rpm 4C .0, 10
min, Ui 402 3] 1.5 mL B .08, 545 0.2
mL,-80 CvkH A7 H

FEm A EHR A (30 pL)Y T 148 QC #4%, QC
FEAS FH -0 7 2 A TS RS R A £ 135 T % R
48, 9 PPN R S s o R R SR P
1.6 MmMiE%ENIBIRUE

T4 1fi >R FH 0 4 i 2 43 B 4300 % RBC (HCT
HGB \WBC | PLT 45l {27 % FUFR b5 1 2 i o

1.7 IiE#EZA UPLC-Q-TOF/MS #&i

LS TR MG HEA T 4 C BT 2218 fif Uk
Jo B HAE A 100 pL 23051 A 400 pL ¢ H
s/ B (1: 1, v/v)  iREIR A ,20 CH#riE 10
min, 14000 rpm 4 °C &5.0> 20 min, B - 74 EL28 T4,
A HT A 100 WL ZHE K ( LI K = 1
1,v/v) %, IRTE, 14000 rpm 4 C B> 15 min, B _E
T HERE ST
1.8 UPLC-Q-TOF/MS i E Fisb I8 5 # iR 5 7

JEIR B YR 25 ProteoWizard F5 # ik, mzML/#% =,
SRIG R XCMS B85 4706 o] 55 £ B3 B[] 42 1E
PRI, AR 2510 S R RS ff o = 2 i
( <25 ppm) Al gk I VT A9 7 5K, K 2R 000 2
X XCMS #i2 HRAS-21) i g5 o, I 4 9 2R 1E > 50%
(s Ut > R AR SIMCA-P 14, 1 BEfTA SR
P, BHi 28 Pareto-scaling TACBRS , 1T 2 4E50 1T
A3 B, ALFEIC MRS 321053 43 Bt (PCA) 43T, 43 W B O
/)y e F 51 53 A ( PLS-DA) 1 E A2 i fie /)y — 3¢
BT (OPLS-DA) , B4t 53Hr s Student’
sut-test FVE AR, R ARAFL I LA,

2 #R5itR

2.1 Zh4 i 28 Ba 5 47 L E RBC, HGB, HCT,
PLT WBC K& 8

SHIEH A A, BRI K R 40 RBC HGB
HCT \PLT \WBC 135 1270 1l 0 35 WA, 22 5 A Ge it
(P <0.01),

SRR LA, U B H R 25 K B 4 i vh
RBC HGB HCT ,PLT fi %5 8.3 FF 5 (P <0.01),
95 HIH R AN 22 5 A Gt B L (P <0.05) , 45
R,

x 1 AGMARARERIE MY N EXRMNEIMKHHM(n = 10,2 +5)

Table I'.Effectsof the water decoction of Angelica sinensis body and tail on peripheral hemogram in rats (n = 10, xEs)
2H 51 21 4 MLETEE IR LI AR I (IRANY3 SR
Group RBC(10%/L) HGB(g/L) HCT(% ) PLT(10'/L) WBC(10?/L)
25 A%} & Control 9.54 +0.37 172.93 +6.62 52.38 +1.51 93.83 +80. 63 13.90 +1.47
L Model 4.46 £0.20" " 117.30 +5.56 * 46.25+1.85" " 57.55+11.98** 11.90 +1.40" "
15 Angelica sinensis body 6.12 0. 12** 154.40 +5.19% 53.27 £1.57* 67.53 £5. 11" 12.25 +2.02
4 Angelica sinensis tail 5.69 +0.40%4 123.10 £3.70%4 51.41 +2.03%4 63.30 +7.61 11.93 +1.03

TE: 52 O IRAL LR, © 7 P <0.01; 5RURATHAL, P <0.05;P <0.01; 519 B4 HAe, A P <0.05.
Note : compared with control group, * * P <0.0;compared with model group,*P <0.05;P <0. 01 ; compared with Angelica sinensis body group,4 P <

0. 05.
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IAFI i 1 G 1 45 SR B, A B A A R 24 AT ks
RBC \HCT HGB & $E48HR 11 % 1, RA#MILAEM,
MH AR AERMSCR EA R EER, 1S
FMAERIE TR
2.2 REEH
2.2.1 QCHALHTHRE(TIC) & i

# QC ¥EZ< UPLC-Q-TOF MS 3B 7Kl , #17
i 1 S PO, 5 R G Y A% 0335 06 17 i o, 54 5 R £
PR I [A] e AS S, 0 B A A S gl i P AR R 22
SR MR SN, LR R TR A F LA 1,
2.2.2  BARKEA E R4 47 (PCA)

K XCMS A XA 2 7 WA T $ B, K
FIrA SRR REAS FIL QC AEAHEHUAS 21 A 1, 24 Pareto-
scaling J5 74T PCA 73#7, 1E A B FEATE QC AEAC
BRmBREE &, RUIATH LS HEE L, &
7-fold cross-validation ( 7 YR A ¥4 32 5 4 iF ) 15 3 #Y
PCA, DI B T PCA JLIE 2, (http://www.
metaboanalyst. ca) .
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Fig. 1 A The total ion current( TIC) chromatograms of ser-

um sample in the negative ion mode (‘ESI-)..
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Note: A ; control group and model group; B: Angelica sinensis body and model group; C: Angelica sinensis tail and model group;D: Angelica sinensis

body and Angelica sinensis tail
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®2 KHE PLS-DA #EEISH*
Table 2 Evaluation parameter of PLS-DA in each group
BB TR TR TR
il Positive ion mode Negative ion mode
Group
A R2Y (cum) Q*(cum) A R2Y (cum) Q*(cum)

M-K 3 0.990 0.681 2 0.988 0. 824

S-M 4 0.997 0.900 2 0.983 0.898

W-M 0.998 0.902 2 0.974 0.786

S-W 0.993 0.832 3 0.999 0.925
2.3 RS X A5 LR A 3 2 A 3] 1) 52 T it 8 L g R T, DTG
2.3.1 BRUERXIZLFHRP S EZTHKIETN BB AR A B4 T e (il DA VIP score > 1.0 1E

Xof A BRI Y A A v 8 AR B AT 3 AR 4 A
(PCA) , ULERIH B SR 4 | ) e SAR R4, DL R I
B R R HAEAS 22 8] () AR S3 A fa 3, 38 nT BEAF
FER BN

FEAZ HILIC 3% 53 B8 45 (4045 2 i 800, 18
SRR, U B 2 SRR AL, A B RN R 4L AE
PCA & A5 2R G143 B, T U5 B AN ASE AU 24 ] ¥ A
RENTE R, B, PCA BE L 2,
H L LLEE PCA WEI 3(A B C.D), RHMmHR/N_
e F 5311 53 Hr (PLS-DA ) il 1F 32 i £ /> =3¢ 1) 590 73 A
(OPLS-DA) # 57 AR 1 4 2 ik 1 5 B 5 28 T A1 Y
KBRS ST S A T, [RJEhE it 5
AT BB (VIP) e it 45 AR ) 1) 2 ik 15 3K

log10fpvake)

og10fp-value)

uuuuuuuuuuuuuuuuu

Jogt0(pvake)

RTHVERRIE) o 3 ST IR SRR ) B 4
SRR, 0 R AR R A, I B 21 R R ALY
PLS-DA B G UG IREE B B0 b4 B (R PEAfr
ZH(RY, Q) AT 2,RY, Q" M T 1, KM
RRAL AT ] A | A S WY I B 2 SR A
A FE A 5 A, I B 2H A e A AR RR S PT &
2.3.2 B KRR dF A S P E T FHIESH
ARSI R T AR B G o A (8 A RO A
(EC) T 4550 ) LA K Z5-& i maAh o3 5 v 19 X
i PR T AT, T DU s R 2 TR A A A Y
2 E DT b R A, 07 8 S5 Rl R
FC>2.0,H P value <0.05, &4 N4&4HE 7B T
BTN KL A SR IER A S5HRIA B A SAY

aaaaaaaaaaaaaaa

B4 BAEGKEFEXATALE
Fig. 4 The volcano plot of negative ion mode in each group
AR A SR B H S SR CH R S D H G4 5 0B

Note: A ; control group and model group; B: Angelica sinensis body and model group; C: Angelica sinensis tail and model group;D: Angelica sinensis

body and Angelica sinensis tail
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IR ,C IH R A SBIRIL, D Sy 5 5 41 fniH B2
2, T I AN ECEE 258 FC >2.0, H P value <
0.05 [t , B As 45 145 BT 0 16 19 2% AR
Y.
2.3.3 REMEFKRHHIFRD

SRR A L, U B 4 R R O 1 22
R 16 A4~ LAAE S5 50507 (Fold change, FC) 2k
PR PR AR AR AR i B 1, b FC > 1,40 3%
AR PIARX E T FC < 1 ARFAR B AR &
Bk, T/ L R, 5 IE W 4 e, R 2 b BE

MeEh PRWENE LIS TR MENE R IR | s e |
SEURFF 3-H R AR | YRR IR i 2R A A X 5
T T E BEAT WEM | 2 e LR | e s /R PC
(16:0/16:0) FEA B AR X & BEFEAR, Z0d 15 B A
HEEZ 25 , # A BRI AR EE A [l . o,
AL IR BOR B R 2, WA 3

it U5 B 5 UA R 2 22 S A i A R
PRHEER , AR IR WS 2R , LR , MR, V2R , 5
AR 314~ W4,

®3 BHEMBFREMREYREENSEETN

Table 3  The administration of biomarkers and relative content changes of serum in each group

PR/ AR m/z Al Angefiqca%fl%cnsis Angel{iqciéfﬁensis
Adduct Name Model group hody grolp tail group
(M-H)- BEFARAE: Succinate 117.02 1 bl !
(M-H)- JRMERE Ura 111.02 1 I !
(M-H)- FLIHMR Orotic acid 155.01 1 l J
(M-H)- ZEHEAT I T-glutamine 145.06 | 1 1
(M-H) - e E R L-tryptophan 203.08 ! 1 1
(M-H)- JfiHF Cytidine 24208 1 l !
(M-H)- FRAF Uridine 243.06 1 l !
(M-H)- FE R lle 130. 09 ! 1 !
(M + CH3CO00) - JIHA#Z Cholic acid 467. 30 1 !
(M+H) + FEAER Pyroglutamic acid 130.05 ! i
(M+H) + JfLMEBE Cytosine 112.05 1 i i
(2M +H) + it 4R H-Deoxyuridine 457.16 1 } }
(M+H) + 3-Hl 3] &k 3 smethylhistidine 170.09 1 l }
(M+H) + FHEL B4 Methyladenosine 282.12 1 ! !
(M +CH3CN +Na) + PC(16:0/16:0) 797.59 ! i i
(M+H) + I 42 Proline 116.07 ! i
x4 HNBHES5ARANZERREY
Table4 The differences metabolites of Angelica sinensis body and Angelica sinensis tail
T;ﬁg Nﬁ zj; VIP P-value m/z r(s)
(M-H20-H) - 3—nééiif%;fEfifijijiiéiiycol 2.14 0.00 245.01 38.65
(M + CH3CO00) - i Glycerol 1.19 0.00 151.06 181.08
(M-H)- 15 0 Trehalose 1.63 0.00 341.11 686. 50
(M-H)- SFAMAR Linoleic acid 15.96 0.00 279.23 70.74
(M-H)- K54 % Arginine 2.16 0.00 173. 11 950.24
(M-H)- LR Lactic acid 1.18 0.00 89.03 547.47
(M-H)- P22 Nervonic acid 1.40 0.00 365.34 65.41
(M-H)- KM Palmitic acid 5.40 0.00 511.47 72.47
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2:5% 4 ( Continued Tab. 4)

(M +CH3CO00) - HILEZ Inositol 1.72 0.00 179.06 734.55
(M-H) - 2B Glucose 6.02 0.00 179.06 547.58
(M-H) - FEREIMER Palmitoleic acid 1.63 0.00 507.44 72.86
(M-H)- FEAE K Tagatose 1.17 0.03 130. 05 562.54
(M-H)- #3175 Hydroxyhexadecanoic acid 1.88 0.01 271.23 76796
(M-H)- FrT 3% H# D-Allose 8.49 0.01 179.06 565.15
(M-H)- A-D-H %54 A-D-glucose 6.02 0.00 179:06 547.58
(M-H)- JR#EZ Allantoin 1.04 0.02 157.04 327.13
(M-H)- R Creatine 1.26 0.02 130.06 642.49
(M-H)- A S5 Myristic acid 2.87 0.03 227.20 74.53
(M-H)- +Fi2 Pentadecanoic acid 1.67 0. 04 241.22 73.68

(M+NH4) + JEEBE Sucrose 1.23 0.00 360. 15 686.51
(M+H) + WA T2 Guanidinobutyric acid 1.98 0.00 146.09 662.24
(M +CH3COO +2H) + H L4 .8 Methoxyacetic acid 1.06 0.00 151.06 179.78
(M+H) + ik Carboline 1.01 0. 00 169.07 72.48
(M+H) + HE T iy Equol 1.14 0.00 243.10 41.09
(M +NH4) + 22 k754 R Docosahexaenoic Acid 4.19 0.00 346.27 69.55
(M+H) + At SE ML Deoxycytidine 1.12 0.01 116.07 947.93
(M+H) + 15,508 Ornithine 1.20 0.01 133.10 948.11
(M-H +2Na) + JHGE 5L Phosphoryl choline 2.84 0.01 568.34 343.34
(M+H) + KM Bk A 5 Palmitoyl @arnitine 1.21 0.02 400. 34 312.85
(M+NH4) + ‘H#EE#E Aldohexos 4.50 0.04 198. 10 554.54
(M+H) + A R g Glutamic aeid 2.13 0.04 148.06 750.71

2.3.4 EFRMMRESN

R T VRO TR AT A B, BEEUZ IR 2T
25, DA SR J 7 60 s A5 ol 2 1k 22 S AR )
SRR RREE TN, A S0 25 R 3R 0E S FE R 4
R SR 2 U ] s TG Y A I e I R A5 AR g
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