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Effect of Wuzhuyu Decoction on serum metabolic spectrum in rats with
deficiency cold and vomiting based on UPLC-MS
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Abstract: Objective To observe the effect of Wuzhuyu Decoction on the serum metabolic profile of the model rats with deficiency
cold, and explore its possible mechanism for treating deficiency cold and vomiting syndrome. Methods A rat model of deficiency
cold and vomiting was prepared by a composite method (Rhei Radix et Rhizoma + cisplatin). The high-throughput metabolome data of
the serum of rats with deficiency-cold and vomiting was obtained by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS), and multivariate analysis combinated with database retrieval was used to analyzed the endogenous
metabolites in rat serum from different groups and discover differential metabolites. Besides, metabolites were analyzed by Metabo
Analyst software for possible metabolic pathways. Results The serum metabolic spectrum of control group and model group were
completely separated. The Wuzhuyu Decoction group was close to the control group, indicating that the horizontal model of
endogenous material changes was successfully replicated, and Wuzhuyu Decoction could interfere with the symptoms of deficiency
cold and vomiting in rats, suggesting that the rat body had a tendency to return to normal state. In total, modular analysis of 35 serum
differential metabolites, and deficiency cold and vomiting syndrome was related to abnormal lipid metabolism and amino acid
metabolism pathways and Wuzhuyu Decoction may have a regulatory effect on its pathways; Metabolites revealed close relationship

among seven modules; Pyroglutamic acid, arachidonic acid, serotonin, isocitric acid, triglyceride and other biological targets can thus
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be used as biomarkers of deficiency cold and vomiting. Conclusion

Wuzhuyu Decoction can improve the physiological

characteristics of the model of deficiency-cold and vomiting. The mechanism may be related to the regulation of abnormal amino acid

metabolism, energy metabolism, and lipid metabolism in rats with deficiency-cold vomiting.

Keywords: Wuzhuyu Decoction; ultra-high liquid chromatography-mass spectrometry; metabolomics; serum; deficiency cold and

vimiting; biomaker
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Fig. 1 Serum total ion maps and valine identification pattern recognition of rats in model group
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Table 1 Relative contents of potential biomarkers in serum of each group (x+s,n=10)

K E /(mg- mL™)

== | N Y ]
ol ERENEY X Hi RIS g ke )
1 S-FRIL iy 3.46+0.95 5.64+0.80" 3.58+0.93
2 TR AR P TR 2.41£0.56 5.18+0.27" 2.45+0.61
3 LR R 3.33+1.08 1.77+£0.73" 1.92+0.98"
4 LR 1.49+0.94 0.84+0.19" 0.85+0.15
5 VERES 9.8240.20 5.61+0.86" 6.07+151"
6 DU SRR 1.58+0.22 1.10£0.12* 1.62+0.25
7 = A 1.43+0.74 3.05+0.97 2.15+0.42
8 WLAET 3.0840.51 44540.10* 3.574+0.95
9 Jiiolzadng 1.86+0.15 1.41+0.31" 1.6740.30
10 HRR 0.73+0.72 1.524+0.28" 1.16+0.42
11 R 1.60£0.17 0.77+0.12" 0.78+0.24"
12 7-Jit S 3.334+0.28 2.04+0.93" 2.224+0.50"
13 FITIER 2.45+0.92 1.294+0.52** 1.424+027"
14 HE R A AR R 3.6240.13 0.654+0.13" 0.6640.44"
15 JLER 6.35+1.27 3.94+0.47" 4284097
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16 ENA 3.50+0.54 2.194+1.15° 2.4440.05
17 oA VU IR 0.94+0.19 6.33+0.39" 1.07+£0.77
18 TRV IR PN i 3.82+0.64 3.1240.79* 3.3240.45
19 2-HFE 1 R IR 0.5540.11 1.01+0.47* 0.60+0.23
20 - BRI 1.7240.28 4.5440.41" 2.3440.91
21 A Z D3 1.96+0.22 1.35+0.71* 1.58+0.95
22 HW=RIR 0.294+0.05 1.144+0.04* 1.10£0.12*
23 LHEN R 2.2040.88 0.6040.17* 1.004-0.04
24 TR IUGIR 8.68+2.79 5.41+0.28" 5.9240.73*
25 KEER 6.16+3.16 1.58+0.28" 2.3440.10*
26 4-FRFIRHR 8.43+0.68 4.13+0.95™ 4.80+0.78"
27 R 1.40+0.54 2.4340.46" 1.3040.18
28 FERAR 3.09+0.10 4.89+0.24" 3.1440.29
29 =B H 0.7040.31 1.1140.32* 0.7140.05
30 AR 1.66+0.78 5.2940.43" 1.8340.84
31 2R HR 0.72+0.42 1.6040.74* 0.754+0.09
32 B 4.64+0.25 2.02+0.68" 2.31+0.28"
33 S 1.73+0.97 4.484+0.20" 4.08+0.59"
34 Ji SE AR R 6.761+0.29 3.8440.72" 4.64+0.87
35 No,No-— HI 5 9,3 1.65+0.35 4.11+0.38" 3.2740.64

x4l "P<0.05 “P<0.01
*P<0.05 ""P<0.01 vs control group

R2 REWHHRRRBRRMEPBEEIRSYNEXER

Table 2 Information of potential biomarkers in serum of rats from Wuzhuyu Decoction treatment group and model group

Z F VAR fr/min mlz 5 P 2
S-FREL 7.37 177.102 23 0.41 CioH12N20 [M+H]*
KR H R 27.47 255.232 95 0.69 Ci6H3002 [M+H]"
LA TR 2.97 132.101 90 1.30 CsHi3NO2 [M+H]"
LA 21.61 111.044 05 1.42 CsHe02 [M+H]'
JEREd 7 24.90 199.170 35 1.61 C12H240:2 [M—H]”
am bz 27.28 227.201 65 2.04 C14H250: [M—H]
= HEERZEAY) 1.22 76.075 69 0.39 C3HoNO [M+H]*
JULEF 1.16 114.066 18 0.69 C4H7N;0 [M+H]"
Ji % g 1.16 112.050 23 2.05 C4HsN3O [M+H]"
R 2.59 178.050 96 0.11 CoHoNO3 [M—H]”
=Nz 4.54 114.056 05 1.63 CsHoNO: [M—H]”
7~ S, L[] st 20.62 385.346 49 0.03 C27H440 [M+H]'
TR 1.08 191.019 72 0.75 CsHsO7 [M—H]
HR RS AR 22.01 448.306 84 0.31 C26H43NOs [M—H]
il 1.16 132.076 75 0.45 C4HoN302 [M+H]"
[IEN 22.69 407.280 29 2.51 C24H00s [M—H]
TEAE DU IR 22.77 303.232 95 1.84 C20H320: [M—H]”
I ETR N g 1.83 177.040 46 0.74 CsH1006 [M—H]~
2-FRHE T PR 1.19 192.066 61 0.11 C10H11NOs3 [M—H]”
-0 PR 27.65 279.232 95 2.00 C1sH3002 [M—H]”
4% Ds 21.06 385.346 49 1.57 C23Hu40 [M+H]*
W= 15.03 175.024 31 0.43 CsHsOs M+H]"
LHN TR 1.13 129.019 33 1.16 CsHsOq4 [M—H]
AR AR 26.92 301.217 30 1.21 C20H3002 [M—H]”
REEHR 0.98 132.030 23 433 C4H7NO4 [M—H]
4-FRFLIR TR 2.97 137.024 41 1.42 C7H03 [M—H]~
T 4.40 115.003 68 1.68 C4H404 [M—H]~
FERAR 0.92 128.035 31 1.08 CsH/NOs [M—H]”
= 30.00 316.284 62 2.74 CisH37NO;3 [M+H]"
WU R 1.13 88.040 40 2.63 C3H/NOz [M—H]~
R 3.42 121.029 50 2.12 C7H60: [M—H]~
BHER 1.03 148.060 43 1.06 CsHoNO4 [M+H]*
AL 10.75 311.122 42 1.02 C11H15NsOs [M—H]"
JieaWilE 23.98 391.285 38 221 C24H4004 [M—H]”
]

N2, No-— H B 53 10.79 311.122 42 1.22 C12H17N505 [M—H
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Table 3  Metabolic pathways of potential biomarkers
obtained by MetPA analysis
8
'S ARG B A
1 linoleic acid metabolism 5 1
6 o ® 2 alanine, aspartate and glutamate metabolism 5 1
QTQ’ 3 arachidonic acid metabolism 9 1
4 ) 4  arginine and proline metabolism 24 2
T % 5 aminoacyl-tRNA biosynthesis 11 1
6  D-glutamine and D-glutamate metabolism 36 1
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Fig. 4 Analysis on metabolic pathways of potential KN AT S Fras, B X ORI Y B AR R

biomarkers regulated by MetPA
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Fig. 5 Relevant results of biomarker analysis
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Fig. 6 Heatmap analysis of biomarker analysis
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The center circle of the node represents the module, and the edge represents the interaction between the nodes. The outer center circle is the specific module

of each colored node, and the dark red node is the core node of the module
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Fig. 7 Modularization analysis of differential metabolitess
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