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Abstract: To study the multivariate statistical analysis and metabolic regulation mechanism of rhubarb in the
treatment of blood stasis syndrome through the ultra-performance liquid chromatography quadrupole time-of-flight
tandem mass spectrometry (UHPLC-Q-TOF/MS). In this study, multivariate statistical analysis was used to
comprehensively analyze the differential characteristics of metabolites with significant regulatory effect in plasma
samples of blood stasis model rats, analyze the changes of differential metabolites of rhubarb regulating blood stasis
syndrome, and analyze the pathway enrichment of identified metabolites. The results showed that the differentiation
of plasma differential metabolites between the model group and the control group was good (Q* > 0.5), and 44
differential metabolites all had different degrees of callback. The expressions of PC(15:0/20:2(11Z,14Z7)), PC(18:1
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(92)/18:1(92)), salicylaldehyde and glycolic acid were down-regulated in the rat model of blood stasis syndrome,

and rhubarb could up-regulate them. The expression levels of (£)8-HETE, taurodeoxycholic acid and y-murocholic

acid were up-regulated in the blood stasis rat model, which could be down-regulated by rhubarb. Differential

metabolites are enriched in 97 metabolic pathways, involving lipid metabolism pathways, inflammatory factors and

immune pathways, and steroid hormone synthesis pathways. This study clarified the mechanism of rhubarb in the

treatment of blood stasis syndrome from the perspective of plasma metabolism, and provided a theoretical basis for

the further development and clinical application of rhubarb. This study has been approved by the experimental
animal Ethics Committee of Shaanxi University of Traditional Chinese Medicine (No. SUCMDL202103009002).
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The effect of rhubarb on the hemorheology function of rats with blood stasis syndrome (n = 6, x £ s). WBV: Whole blood

viscosity; PV: Plasma viscosity; C: Control group; M: Model group; CDDP: Compound Danshen dripping pills; RRR-L, RRR-M and
RRR-H: Extracts of rhubarb with low, middle, and high-doses. A: The influence of each group on WBV (1 s™); B: The influence of each
group on WBV (5 s™); C: The influence of each group on WBV (50 s™); D: The influence of each group on WBV (100 s™); E: The influence
of each group on WBV (200 s™); F: The influence of each group on PV (1 s™). *P < 0.05, P < 0.01 vs C; "P<0.05, "P<0.01 vs M

2 REZZTHITFH

PCA3D 45 R &7, fE 61 (BI3A) IE (BI3B) &1 F
TEHME BEMARMAGHEEBRA XA .
OPLS-DA &5 B /R 2 A SR H 5 SR, /i3S T
3 (B 4A) R2X = 0.369, R*Y = 0.995, 0 = 0.837, IE &
T (B14B) R2X = 0.451, R*Y = 0.989, 0* = 0.876, ilE
BT [ T SERE RE R i . AR EAH 55 2520 2y B HH B, £
B (40) R2X = 0.387, RY = 0.992, O* = 0.868,
IEE T4 (B 4D) R°X=0.32, R’Y=0.997, O* = 0.835.
XA AT 200 YR B LRSI 4 G 5258, SRR T AR 2
TC MR (4T vk (4B F). 45 SRR W 441 2 4]
AR B0 A7 7E B S5 22 5, B %20 2 [l o S AR P K AR
T
3 ERRETFE

s VIP > 1, P<0.05, Z 755 > 2 80 & 7 £
H < 0.5 Sy b o 0 5 DK TR T IR IE K BRI I S 22
Y. EIESRE TR, 75 %5 1E 5 H AR
BRI RRR-H 41 22 AR . 525 A 44
bb, BAY2H g 226 MR R AR B E MR AL, S

AU A L, RRR-H 4134 155 MUY & 4 5 3 128
tho 4N ERREWE=ZHAPEEREZEZL (B
5), K 39 ZE R AR MWE D QA 5B A A  BEAA
5 RRR-HAHAH B EHM . Bl (+)8-HETE. 2F-fif
it A2 EL TR - B REL R  2- P I 0 355 2 PR DY e g —
DA TR LA -8- W45 21 AN B L)
Z AU N N . PC(15:0/20:2(11Z,142)). PC
(18:1(92)/18:1(92)) /KW £ BB ~ 5 JR R 7K T35k
FrEF IR « FH I S g g A 25 H R e 25 18 N2 2 R 22
SRV AT 2RI 05 7T 5
AR BT ER AR R (3K R REEY)
Lf"i, F AR I 2 T 43 D i AR 25 L T A DY 0 R AR 44

FEERAU RS . 45 RR W, K3 nr LU 75 PC
(15 0/20: 2(11Z,142))~ PC(18: 1(92)/18: 1(92))~ (+)8-
HETE . 4 7k Jlit S0 10 P - BRUIE R 55 22 S AR P v 7 I
ST
4 KBS

NT R BRI RIEE B, (EE T T
W E RN, 65 AR 2 rp R B 97 4% 22



EHEFE A 3T UHPLC-Q-TOF/MS HYKSIR YT ML) 2 T Gt vk 3 B K AR S AL 5 © 19 -

APTT/s
S 5 S e S

lll

40.
35.
30-
25.
20.
0.

M CDDP RRR-LRRR-M RRR-H
Group

TT/s

C M  CDDP RRR-LRRR-M RRR-H

Group

PT/s

FIB /gL’

25/

20 I i i
0' I '

M CDDP RRR-LRRR-M RRR-H
Group

M  CDDP RRR-LRRR-M RRR-H

G

S

tll

u.ox

Now s

Group

Figure 2 The effect of rhubarb on blood coagulation function in rats with blood stasis syndrome (n = 6, x  5). APTT: Activated partial

thromboplastin time; PT: Prothrombin time; TT: Thrombin time; FIB: Plasma fibrinogen. A: The influence of each group on APTT; B: The

influence of each group on PT; C: The influence of each group on TT; D: The influence of each group on FIB. “P < 0.05 vs C; P < 0.05,

"P<0.01 vsM
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Figure 4 OPLS-DA diagram of rat plasma metabolites. A: Control group and model group in negative ion mode; B: Control group and
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Figure 5 Violin diagram of differential metabolite expression levels. A: Differential metabolite in control group and model group; B:

Differential metabolite in model group and rhubarb with high-doses group
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Figure 6 Analysis of differential metabolic pathways in rats with blood stasis syndrome. A: Differential metabolic pathways in control

group and model group; B: Differential metabolic pathways in model group and rhubarb with high-doses group
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