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Abstract: Objective To explore the effects of Xinshenghua Granules on endogenous metabolites in rats with acute blood stasis
syndrome, and to investigate the possible mechanism of Xinshenghua Granules for promoting blood circulation on acute blood stasis
rats. Methods Tatolly 50 SD rats were randomly divided into control group, model group, compound Danshen Dripping Pills
(positive drug, 0.10 g-kg™") group and Xinshenghua Granules low-dose and high-dose groups (4.86 and 9.72 g-kg™"). The volume of
administration was 10 mL-kg™'. Intragastrically, once in the morning and evening, for seven times in total. After the fifth
administration, except for the control group, the acute blood stasis model of rats were induced by ice water bath and subcutaneous
injection of adrenaline. To evaluate the effects of promoting blood circulation, whole blood viscosity (WBV), plasma viscosity (PV),
activated partial thrombin time (APTT), prothrombin time (PT), fibrinogen (FIB) and thrombin time (TT) in different groups were
determined. UHPLC-QTOF-MS was applied to investigate the plasma metabolomics changes of acute blood stasis rats, and

multivariate statistical analysis was used to screen the potential biomarkers, then the potential biomarkers were identified via
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database querying and comparison of reference standards, and finally the related metabolic pathways were discovered via
MetaboAnalyst 5.0 software. Results Xinshenghua Granules obviously decreased WBYV, PV, and FIB, while promoted the APTT, PT
and TT (P < 0.05, 0.01). Totally 21 potential biomarkers were identified from blood stasis rats. Compared with control group, the
levels of 10 metabolites (such as lactic acid, carnitine and creatinine) increased in model group; while the levels of 11 metabolites
(such as malic acid, succinic acid and tryptamine) inclined in model group (P < 0.05, 0.01). Except for indoxyl-sulfate and
deoxycytidine, the disturbed levels of other 19 metabolites could be reversed to normal-like levels after the drug treatment of
Xinshenghua Granules (P < 0.05, 0.01). The mainly metabolic pathways were involved with phenylalanine, tyrosine and tryptophan
biosynthesis, phenylalanine metabolism, linoleic acid metabolism, TCA cycle and tryptophan metabolism. Conclusion Xinshenghua

Granules could exert the effects of promoting blood circulation on blood stasis rats by regulating the disturbed endogenous

metabolites and the related metabolic pathways.
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F1 FELBRX S MAEKR WBV 1 PV B (25, n=10)
Table 1 Effects of Xinshenghua Granules on WBYV and PV in acute blood stasis rats (xts, n=10)
1) T/ WBV/(mPa-s) PV/(mPa‘s)
(g'kg™ 200 s 30s™ 557 1s™ 200 s™
Xof HE — 3.41+0.21 4.6140.26 6.99+0.57 13.86+0.89 1.2940.12
i) — 3.99+0.18™ 5.16+0.22" 8.96+0.94" 17.9241.04™ 2.35+0.47"
TIPS AL 0.10 3.81+0.33 4.79£0.18" 7.28+0.46" 14.99+1.27% 1.34+0.19"
AL Uk 9.72 3.56+0.35 4.71x0.21" 7.43+0.59% 15.16+1.13* 1.51£0.20*
4.86 3.73+0.39 4.83+0.19" 7.89+0.48" 15.67+0.76* 1.69+0.32"
Lt L P<0.01: SR - "P<<0.05 P<<0.01
P <0.01 vs control group; “P < 0.05 P <0.01 vs model group
R2 I BRI S MR A R I Th BE O B4R (£, n=10)
Table 2 Effects of Xinshenghua Granules on coagulation function in acute blood stasis rats (;:I;x", n=10)
2H 5 i/ (g-kg™ APTT/s PT/s TT/s FIB/(g-L ™)
I — 40.21+2.56 9.75+0.69 37.64+1.72 6.26+0.35
AR — 28.35+1.36™ 7.63+0.31" 26.21+0.947 9.17+0.55™
BITFHS0 AL 0.10 38.16+3.79" 8.89+0.57" 35.16+2.93" 6.87+0.64"
A R 9.72 38.58+3.16" 8.63+0.62" 37.01+3.61% 7.99+0.43"
4.86 34.73+2.93* 8.23+0.49 32.51+3.37" 8.67+0.70

XTI T P<<0.01; SRR "P<<0.05 7P<0.01
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Fig.1 Typical total ion chromatogram of plasma samples in positive and negative modes



- 1578 - $F45% FE8H 2022FE88 ‘ﬁﬁ-#ﬁﬁtﬁ: Drug Evaluation Research  Vol. 45 No. 8 August 2022
i IB
20 A 20
] o fuA
by 10 QC
10 pom ° e
o ®e of o.ob
= 0 .O. 0 o0 g 0 0, 4 L ..
= ™ QC % 8o o) o2
00 ° (X ]
10 %‘ -10 o®
20 -20
-30 —20 -10 0 10 20 -30 —20 -10 0 10 20
t[1] 1]
A-IER 7R B- U TR
A-positive ion mode; B-negative ion mode
B2 xfRAMEEE KR MRFERIIPCARHE
Fig.2 PCA score plot of plasma samples of rats in control group and model group
FE Tt It 5 AN R 4 53 22 1) 45 38 B3 A X 3, ox 1 2 70 A 7

HE— 4% Fl OPLS-DA X} & FE A 34T £ 704t it 2H 5 ) FEEELE PLS-DA BN, 22 B Bl 3h &2 1) Sk

S Hr. IEE TR, OPLS-DA #7 f] R*,=0.856,
0"=0.654; H1 3 F T, XN A R,=0.759, 0°=
0.601, & BHRTES L FBRRR e v 58, Wi & 3-A A1 3-C

MR . B 5 PS5 A SRR AL X 7 B & OF
I A, 5 25 R P O 45 R — B0 B AR A Bk 4H.
HRC A A8 0 L 2EL R i, 5% A TR 2 o], IR AL L

Positive(OPLS-DA) B Positive(OPLS-DA): Validate Model mR?
A
A uQ’
3 1.0 |
0 B e P e
486 gkg! " .:.. BHFSHR 0.8 “—"_:;—/,
1 : r Y o6/ B m B ‘-'/_4
OQ?OJ LI o ,'I
~ 0 o @ 0‘ X 04— B ut = A
= g X ot ° 02 |
# ° A
-2 & & e mn "
9.72 g-kg ! —0.2
6 4 2 o 2 a4 04
1] 0.2 0 02 04 0.6 08 1
. . - 2
Chy Negative(OPLS-DA) ? )| Negalive(OPLS-DA): Validate Model e
1.0 BAEALEIRL 486 gke ™' @ ARV 0:8 /"‘:::;::‘
* ® 972gkg! - ]
05 ° % ® ) 06f 2 N g ‘I/
o ot o4 & R
= 0 B ge ¢ ) " = 1 W= j =
) o0& 0, % o0 0.2 |
-0.5 9.0 ° ° '." 0 A o a
oy st e MR >
: ZHA ® —02
-1.5 < 0.4
-4 -3 -2 -1 0 2 3 0.2 0 0.2 04 0.6 038 1.0
t[1]
E F
08 Positive(OPLS-DA) 0.8 Negative(OPLS-DA)
[ ]
0.4 0.4
0 0
04 04
08| o% 0.8

—0.08-0.06 —0.04 —0.02 0 0.02 0.04 0.06

pll]

—0.10—-0.08 -0.06—0.04—0.020  0.02 0.04 0.06 0.08

pll]

A-TEBS 7T OPLS-DA 754y B s B-1E B T 0 T B ek 56 1 s C- 61 85 145 20~ OPLS-DA 593 I s D- 41 88 730 B ek 40 [ s B- I 5 1488
3 S-plot B ; F-#1 8 745 30 S-plot &

A-OPLS-DA score diagram in positive ion mode ; B-substitution test diagram in positive ion mode; C-OPLS-DA score diagram in anion mode; D-

displacement test diagram in anion mode; E-S-plot in positive ion mode; F-S-plot in negative ion mode
E3 &% OPLS-DA 54y B & #4450 E 0 S-plot
Fig.3 OPLS-DA plots, permutation test plots and S-plots in positive and negative modes



$F45% FE8H 2022488 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022 + 1579 -

B B A A ORI e R B 2 O S R 6 R . SR E
Pk 56 (n=200) % FIT & 37 () OPLS-DA #5714 3t 47 56
ik, IE &1 RPA1 OB 43 79 9 0.183 A1-0.052, 51 B
AR R AT QB 43 1 N 0.215 F1-0.086, % BA fT 2
SR R B A B R T RE ) (B
3-BAI3-D). IE & 1T Y S-plot Bl 4n ] 3-E
F3-F Fr i, e 5w O 1) 05 06) 745 8 2 57 1) D ik
K, X LAk A W] RV R 1 2 AR

323 ERMRWWEE K FEEHE P<0.05 H
VIP>1 87 E N EREE T . SR“2.77 0T
R 7R ML UE K B A s EV AT S, &
B 2N ERRUEY, bR ST 71, 4
WK 3. DLRIBE 0] 35 B 4 e i A2, IE 3 T A
N om/z 162.112 2 A% B 4 AR Y 20 ) 2 57 38 1, %
HORS B X 4 1 i N HMDB 385 122 , L0 i 3]
2 /ANA]REAC YD : L-carnitine A1 (S)-carnitinium , 3 —
5 f H MS/MS 1 F 144.10. 126.15.116.05.100.10

1 74.09 ‘7 N HMDB %t #s FE AT &Y UL EC , 1% 4k
B WIS NN, 20 IR S EE X, %40 B Pk
AETR S N, XA B R A E a4 B
TN o 550 R KRR B AR, A I A B 2 K R f
LR AL LI R T R R 2 R L T TR e
AT TR PRBR A6 A= DY I 1 AN T 3 R 1 K R
T (P<0.01) 5 T3 JIR VIR FA IR (i (L 2R
SR B B B R ML MR Y L OBHORRE L CH R A E R .
LysoPC (14:0) . LysoPC (16:0) F1 LysoPC (18:0) i
KB L (P<0.01) . & 2 SR 7E A [F] 45
2y R A B R S B, SRR AR, B AR
A R v 77 5 2E B 1 A R P | Ak Ty R i PR EF b,
fi 19 A~ 2 AR P 2 B 3 ) IE H IR S AR R (P<
0.05.0.01) 5 37 A= A MU AR R B 2 B 1 BEIA IR  L- 5
SR i SE M R A TR ML R L H A IR
A, oA 15 MR B2 [F1HE (P<0.05.0.01) .
&5 S 32 B A A0 ORGPk i s oK R 25 L AR Y

®3 MRABMRHEEEMIREDEELER

Table 3 Results of potential markers in acute blood stasis rats

. Esl . U4 vs AR BT AR
J¥'5  t/min m/z st VvIP il R4 B 972 g'kg'l 4.86gkg'4  HMDB
vs FR Y 21 vs PR H
1 0721 89.0242 — 3.09 CH0O; R A v v 00190
2 0.759 133.0870 1.54  CH,O, L3RR v A o 00156
30806 1621122 + 273 CH,NO; L- AT A v v 00062
4 0838 1190853 + 398 CH0, BEIIIR v o A 00254
5 0965 132.1344 + 5.68 CHN,0, LT A v Ve 00064
6 1139 1612178 + 754 C,H,N, % v A o 00303
7 1525 1640686 + 518 CH,NO, L-EHNEE" A v v 00159
8 1.925 2013426 — 459 C,HyN, L-F52 R A v v 00517
9 2563 180.0632 + 3.67 C,H,NO; L-BRE R ° A v Ve 00158
10 2924 2052266 + 4.01 C,H.N,0, Lt g v A o 00929
11 3131 2260846 — 3.18 CH;N;0, i S M ATy v 00014
12 3275 1230552 + 189 CHN,0 SR ez vooN 0 01406
13 3339 2140156 + 512 CHNOS  BHEWIWE v A 0 00682
14 3.831 204.1232 + 290 C,H,NO, N AL A v Ve 00201
15 3.906 3005137 — 2.08 C,H,NO, EEpRYi v A o 00269
16 4.284 464.3023 255 CuH,NO,  HZEAHE v o A 00138
17 4930 4822969 + 320 C,HNO,P LysoPC(14:0) v A A 10379
18 5366 303.2271 528  CyHi,0, TEAE DR A v v 01043
19 5391 5243715 + 751 C,HyNO,P LysoPC(18:0) v A A 10384
20 7.238 2792275 — 470 C,H,0, IR A v v 00673
21 7335 4963394 4+  3.75 CuHNO,P LysoPC(16:0) v A A 10382

BT, —-HE T a-HER LS E LG5 A N B, v 8 IR TP<<0.05 TP<<0.01

+- positive ion, —- negative ion; a-accurately identified compounds; 4 indicates up, v indicates down; "P <0.05 P <0.01
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