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Abstract: In order to investigate the potential active components and mechanism of action of Xintongshu
Spray (XTS) in the treatment of acute myocardial infarction (AMI), ultra performance liquid chromatography-
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quadrupole-electrostatic field orbital trap high-resolution mass spectrometry (UPLC-Orbitrap-HRMS) was used to
analyze and identify the blood-entry prototype components and metabolites of XTS in both positive and negative
ion modes. A total of 41 blood-entry prototype components and metabolites were identified, including 16
phthalides, 15 organic phenolic acids, 4 monoterpenes, 3 acetophenones, 2 coumarins, and 1 sugar; 46 metabolites
were identified, including 22 phthalide-related metabolites, 16 organic phenolic acids, 7 acetophenone-related
metabolites, and 1 monoterpene-related metabolite. Combined with network pharmacological analysis, the target of
action and signaling pathway of XTS into blood components for the treatment of AMI were predicted. The results
showed that organic phenolic acids, phthalides, monoterpenes are the main active components of XTS for AMI,
through the regulation of PI3K/Akt pathway, AGE-RAGE pathway, MAPK pathway to treat AMI. The results of
molecular dynamics simulation showed that that the target proteins have good binding ability with the active
ingredients. The use of all experimental animals has been approved by the Ethics Committee of Laboratory Animal
of Anhui University of Traditional Chinese Medicine (AHUCM-rats-2021105).

Key words: Xintongshu spray; UPLC-Orbitrap-HRMS; blood entry component; acute myocardial infarction;

network pharmacology; mechanism of action
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HE staining of myocardial histomorphology of rats

Figure 1
before and after modeling (x400). A: The heart sections of normal
rats; B: The heart sections of AMI model rats. HE: Hematoxylin

and eosin; AMI: Acute myocardial infarction

AR, 28 LB SAR AU 1 7 A, B ms S AR
WA AR PR e E R R 2. L
A WU R SR AR G A AR W 9 ], 168 SR A AL I TR 28
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Table 1 Prototype components in the serum of AMI model rats after administration of XTS. CX: Chuanxiong rhizome; MDP: Mudanpi; A:

Phthalides; B: Organic phenolic acids; C: Monoterpenes; D: Acetophenones; E: Coumarins; F: Sugars; XTS: Xintongshu spray. *Confirmed

by comparison with controls

No. ik Identification Formula Ton mode Observed . Mass error Fragment Structure Origin
/min (m/z) (x10°) class

P1 1.08 Sucrose C,H,,0,, [M-HJ 341.108 8 3.2 179.056 3, 161.045 7, 119.035 1, F MDP
101.024 6, 89.024 5, 59.013 9

P2 1.13  Quinic acid CH,O, [M-HJ 191.055 8 2.1 173.009 2, 129.019 4, 111.008 8, B CX
85.029 4

P3 1.64 Coumarin CH.O, [M+H] 147.044 0 -0.7 119.049 0,91.054 1 E CX

P4 6.09 Neochlorogenic acid CHO0, [M-HJ 353.0873 1.7 191.056 0, 179.034 9, 173.045 5, B CX
135.045 2

PS5 7.02  4-Hydroxybenzaldehyde C,H.O, [M-H] 137.024 0 4.4 93.034 6 B MDP

acid
P6 7.25 Paeoniflorin sulfite C,H,0,,S [M-HJ 543.1175 1.5 421.082 1, 375.075 8, 259.028 6, C MDP

213.023 0, 121.029 7

P7* 7.83 Oxypaeoniflorin C,H, 0, [M-HJ 495.151 1 2.8 477.141 91, 465.142 27, 165.056 C MDP
30, 137.024 96
Pg* 7.91 Chlorogenic acid CHO, [M-HJ 353.088 0 3.7 191.056 0, 179.035 0, 173.045 4, B CX
135.045 1
P9 8.31 Cryptochlorogenic acid  C,H O, [M-H] 353.088 0 3.7 191.0559, 179.034 9, 173.045 5, B CX
135.045 1
P10*  8.65 Caffeic acid CH,0, [M-H] 179.034 3 22 135.045 1, 107.050 2 B CX
P11 8.75 Vanillic acid C,H,0, [M-H] 167.034 5 3.6 123.045 1, 79.055 4 B CX
P12 9.31 Apiopaeonoside/ C,H,0, [M+Na]’ 483.147 8 1.0 271.2637,167.071 5 D MDP
Phenolphthalein
P13 9.83 Apiopaeonoside/ C,H,0,, [M+Na]’ 483.1470 -0.6 271.263 5,167.071 6 D MDP
Phenolphthalein
P14* 10.83 Paconiflorin C,H,,0,, [M+HCOO] 525.1615 23 449.145 0, 327.108 6, 165.055 7, C MDP
121.029 4
P15  11.06 4-Coumaric acid C,H,0, [M-H] 163.039 9 4.9 145.890 3, 119.050 1, 93.034 5 B CX
P16 1227 6-Methoxycoumarin C,,HO [M+H]" 177.054 4 -1.1 163.039 1, 149.059 7, 145.028 4, E CX
117.033 6
P17* 12.28 Ferulic acid C,H,,0, [M-HJ 193.050 7 4.7 178.027 1, 149.060 7, 134.037 4 B CX
P18  13.40 Isoferulic acid C H O, [M-HJ 193.050 6 4.1 178.027 0, 149.060 8, 134.037 4 B CX
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Continued
Ix . . Observed Mass error Structure .
No. . Identification Formula Ion mode " Fragment rigin
/min (m/z) (x107°) class
P19  13.67 Senkyunolide S/R C,H O, [M-HJ 239.092 4 42 227.8927,195.012 5, 177.092 2, A CX
151.076 5
P20  14.32 Senkyunolide J/N C,HO, [M+Na]’ 249.110 2 2.0 227.1277,209.117 1, 191.106 6, A CX
153.054 5
P21 1473 Senkyunolide G/K C,H,0, [M+H] 209.117 0 -1.0 191.106 7, 163.111 8, 153.054 6 A CcX
P22 15.46 Senkyunolide S/R C,H, O, [M-HJ 239.092 1 2.9 195.012 6, 177.092 1 A CX
P23 15.54 Salicylic acid C.HO, [M-H] 137.023 2 -0.7 93.034 5 B CX
P24 15.80 Senkyunolide F C,H,0, [M+H] 207.101 4 -1.0 189.091 0, 161.096 0, 147.080 4, A CX
119.085 6, 105.069 9
P25 1590 Senkyunolide G/K C,H,0, [M+H] 209.117 6 1.9 191.106 8, 153.054 5 A CcX
P26 1594 Aczelaic acid CH, O, [M-HJ 187.097 2 3.7 169.087 0, 125.097 2 B CX
P27* 17.00 Senkyunolide I C,H 0, [M+Na]’ 247.094 0 -1.6 225.113 2,207.103 0, 189.092 5, A CX
179.108 1, 161.097 2
P28  17.81 Senkyunolide D C,H,0, [M+H] 223.096 9 1.8 205.086 3, 177.091 4, 149.059 7 A CcX
P29* 18.08 Senkyunolide H C,H,0, [M+Na] 247.094 4 0.0 225.112 3,207.102 9, 189.092 7, A CX
179.107 9, 151.112 8
P30  18.30 Butylparaben C,H,, [M-HJ 193.086 5 3.1 150.032 2, 136.016 7, 108.021 8 B CX
P31  23.87 Benzoylpaconiflorin C,H,,0,, [M-HJ 583.182 6 2.7 553.173 7,431.136 7, 165.056 2, C MDP
121.029 8
P32* 24.47 Paeonol CH, 0 [M+H]" 167.070 3 0.0 149.060 41, 121.064 8, 43.0180 5 D MDP
P33 24.84 Coniferyl ferulate C,H, 0, [M-HJ 355.118 7 3.1 311.128 6, 281.081 8, 235.076 3, B CX
173.060 5
P34  26.86 Butylidenephthalide C,H,0, [M+H] 189.091 4 2.1 161.096 2 A CX
or isomer
P35  27.09 E-Ligustilide C,H,0, [M+H] 191.106 9 1.5 173.096 1, 163.112 1, 149.059 5, A CX
145.101 3, 135.044 1
P36  27.84 4-Hydroxy3- C,H,0, [M+H] 207.101 9 1.7 189.090 9, 161.096 0, 147.080 3, A CX
butylphthalide 133.064 7, 105.069 8
P37* 28.46 Z-Ligustilide C,H,0, [M+H] 191.106 9 1.5 173.096 1, 163.112 1, 149.059 5, A CcX
145.101 3, 135.044 0
P38  28.47 Senkyunolide B C,H,0, [M-HJ 203.070 8 25 174.032 4, 145.029 7, 132.022 0 A CX
P39  28.84 13-Hydroxy-9,11- CH,,0, [M-HJ 295.228 0 4.1 277.217 2, 195.138 8 B CX
octadecadienoic acid
P40* 29.35 Senkyunolide A C,H O, [M+H]' 193.122 6 1.6 175.111 7, 147.116 8, 137.059 6, A CX
105.069 8
P41* 30.29 3-Butylphthalide C,H,0, [M+H] 191.106 5 -1.1 173.096 2, 163.111 9, 149.059 8, A CcX
135.044 1

LU E 16 M NI R AH DG AR =4, Horh
FLFEA™ 6 MIHERR AU 7=, 4 A Bl SRR AR 7= 4, 3 AN
BT, 3NFHERARE =Y. RIER S
XTS HEZ K ~RAEFHEHmBRER S, B AE
U IR BRAN AT 30% 1E 5 A/ i v DLJEL RS B 43 (N
I, 2395 70% F) &3 J5t TR 4 A% i 31 K i B0 45 W, W i v
(14 2 5 T A J T A (0 4 DS 0 7K A g v e A0 2 7
1% FE Wi, 83— 2D AR HE A4 A, DT b 00 o e
2 7 R I A2 N ML 57 28 i 4, [ o A 2 ¢ D I P A
P m/z 179.0347 [M—H] 52 Wi HERR (0 R 55 7, Howe
Fir BT N m/z 135.0451 [M=-H-CO,]"; 17 4 M7 (1
BB 7 N m/z 355.066 7 [M-H]", 7> 1 5 & LL kg %
176 Da (GluA), [RIE AT Wm/z 179.034 9 [M—H-C H,0,]
Hlm/z 135.045 1 [M—H-CH,0,~CO,]" I b HE i 45 i
Fr T, U g i vl P G 2 W I R A AR R

M12 85 7 A m/z 369.081 8 [M-H]", 7 1 Ji & Lk
£ % 190 Da (GluA+CH,), H. & IR 25— 7% &) W
B2 11 m/z 193.0504 [M—H-C H,O,] T F i 7 bt 25—
5> F W m/z 178.0270 [M-H-C H,0,~CH,]” X 5 i
2R E K m/z 134.037 3 [M-H-CH,0,—~CH,-CO,] &
J7 ST, FHEDN S v TR ) Y R e R R 2 R T R A A4
P, R W om/z 149 [M-H-C H,0,—CO,] 1 H &
5, I LSS S AE R R b RIS B AR
SCHBRPOPHGE B T 1 AR A R HE I M4 Dy SRR ;
M8y Bl HF R FA) 7 TR A AR I 77 40 MLTO g i R 7 R
PRI BR A A =1 AR 7= M) MO [ BE B T 09 m/z
178.050 9 [M-H]", # ;& 1 A m/z 134.061 1 [M-H-
CO, 1", ML SCER M 2 A 7= 70 8 1 JR IR, i
HE TR R 2 7 R TE A Y AR U R R S B SRR
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Figure 2 Extracted ion chromatograms of organic acid-related metabolites. Details of M4, M6, M7, M8, M9, M10, M12, M13, M15, M31

are shown in Table 2

Table 2 Metabolites in the serum of AMI model rats after administration of XTS

Iy . L. Measured ion Mass error .
No. ) Metabolite description Formula B Fragment ion (m/z)
/min (m/z) (x107)
Ml 3.34 Gallic acid+Sulfate conjugation CH,O,S 248.971 4 [M-H] 4.8 169.013 9, 125.024 3
M2 5.44 Vanillic acid loss of CO,+Sulfate CHOS 188.986 1 [M-H]" 4.8 109.029 4, 79.957 3
conjugation
M3 5.63 Vanillic acid+Sulfate conjugation C,H,0.S 246.991 5 [M-H]" 3.2 167.034 7, 152.011 5, 123.045 2,
108.021 5
M4 6.46 Caffeic acid+Di-hydrogenation CH, 0, 181.050 6 [M-H] 0.0 163.040 0, 135.045 2, 119.050 3
M5 6.67 Gallic acid+Methylation CH,O, 183.029 5 [M-H]" 3.8 168.006 3, 124.016 5
M6 7.12  Ferulic acid+Glucuronide conjugation C,HO, 369.082 3 [M-H]” 1.9 193.050 5, 178.027 0, 149.060 7,
134.037 3
M7 7.82 Caffeic acid+Glucuronide conjugation CH,O, 355.066 7 [M-H] -2.0 179.034 9, 135.045 2
M8 8.16 Caffeic acid+Sulfate conjugation C,H,0.S 258.991 6 [M-H]" -0.8 179.034 9, 135.045 2
M9 8.21 Benzoylglycine C,H,)NO, 178.050 7 [M-H] 4.5 134.061 1
M10  8.47 Caffeic acid+Methylation+Sulfate C,H,,0.8 273.007 4 [M-H] 0.0 193.050 6, 178.027 2, 134.037 4
conjugation
MIl 8.74 Paeonol+Demethylation+Glucuronide C H, O, 327.072 4 [M-H]” 4.0 175.024 8, 151.040 1, 113.024 5,
conjugation 85.029 6
MI12  9.14 Caffeic acid+Methylation+Glucuronide C H,0, 369.081 8 [M-H]" 0.5 193.050 6 178.027 1, 134.037 4
conjugation
MI13  9.44 Ferulic acid+Sulfate conjugation C,H,,0.,8 273.007 4 [M-H] 0.0 193.050 6, 178.027 0, 149.060 7,

134.037 4
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L . . Measured ion Mass error .
No. . Metabolite description Formula P Fragment ion (m/z)
/min (m/z) (x10™)
M14 927 Gallic acid+Di-methylation+Glucuronide ~ C,;H O, 373.077 1 [M-H] 2.4 197.045 4, 169.014 1, 125.024 3,
conjugation 124.016 5
M15 9.60 Ferulic acid+Glycine conjugation C,,H;NO; 250.071 9 [M-H] 3.6 206.082 0, 191.058 6, 177.055 4,
149.060 7, 134.037 4
M16 10.11 Paeonol+Hydroxylation+Glucuronide CH,0, 357.082 2 [M-H] 1.7 181.050 6, 166.027 1, 138.032 1,
conjugation 123.008 7, 113.024 4
M17 10.32 Paeonol+Demethylation+Sulfate CH,0S 230.996 8 [M-H] 43 151.040 1, 135.008 8, 109.029 5,
conjugation 91.0190
M18 10.33 Paeonol+Glucuronide conjugation CH, 0, 341.087 4 [M-H] 2.1 175.024 8, 165.055 6, 150.032 2,
113.024 4
M19 10.37 Paeonol+Hydroxylation+Sulfate CH, 0.8 261.007 3 [M-H] 3.8 181.050 6, 166.027 1, 138.032 1,
conjugation 123.008 7
M20 10.57 Senkyunolide F+Sulfate conjugation C,H,0.S 303.054 3 [M-H] 33 223.097 4, 205.087 0, 177.092 0
M21 10.80 Paconiflorin+Dehydroxylation+ C,H,0, 449.146 4 [M-H] 4.9 327.108 3, 165.055 7, 121.029 5
Demethylation
M22 10.95 Senkyunolide F+Sulfate conjugation C,H 0.8 303.054 1 [M-H] 2.6 223.097 2, 205.087 1, 177.091 9
M23  11.32 Paeonol+Sulfate conjugation CH, 0, 245.012 3 [M-H] 3.7 165.055 6, 150.032 1, 122.037 2
M24 12.65 Senkyunolide D+Desaturation C,H,0, 219.065 9 [M-H] 3.2 175.076 2, 157.065 7, 133.065 9
M25 1291 Senkyunolide A+Hydroxylation+ C,H0, 227.127 2 [M+H]" -2.6 209.117 2, 191.106 7, 181.122 2,
Hydrolysis 163.111 8, 153.054 7
M26 13.18 Senkyunolide I/H+Hydroxylation+ C,H N0, S 532.196 3 [M+H]" 0.9 457.162 9,403.154 4, 385.142 5,
Glutathione conjugation 367.133 0,207.101 8
M27 13.34 Z/E-Ligustilide+Hydroxylation+ C,H,,0, 381.118 6 [M-H] 1.8 205.086 5, 187.076 2
Glucuronide conjugation
M28 14.31 Senkyunolide J/N+Cysteine conjugation CH,,NO,S 330.137 0 [M+H]" 0.0 284.1315,209.117 2, 191.106 6
M29 1434 Paconol+Demethylation CH,0, 151.039 7 [M-H] 4.6 135.008 8, 109.029 5,91.018 9,
65.039 7
M30 15.09 Senkyunolide J/N+Glutathione conjugation C,,H,;N,O,S  516.200 7 [M+H]" -0.6 441.168 5, 387.158 4, 284.131 5,
191.106 7
M31 15.38 Ferulic acid+Di-methylation C,H,,0, 221.081 7 [M-H] 4.1 177.091 8, 149.097 2
M32 1553 Vanillic acid loss of CH,O CH.O, 137.023 9 [M-H] -4.4 93.034 5
M33 16.01 Senkyunolide I/H+Cysteine conjugation C,;H,NO,S 328.121 5 [M+H]" 0.6 282.1159,207.101 5, 189.090 9
M34 16.79 Z/E-Ligustilide+Dehydrogenation+ C,H,,N,OS  496.175 1 [M+H]" 0.6 421.143 2,367.132 1, 189.091 0
Glutathione conjugation
M35 16.87 Senkyunolide I/H+Glutathione conjugation C,,H, N,O,S  514.186 2 [M+H]" 1.7 439.153 2, 385.142 6, 282.116 0,
207.101 5, 189.090 9
M36 16.88 Senkyunolide I/H+Cysteine conjugation+  C,.H,,N,O, S ~ 385.143 0 [M+H]' 0.5 282.1159,207.101 5, 179.048 3,
Glycine conjugation 162.022 0
M37 1733 Z/E-Ligustilidet+Hydroxylationt+Sulfate C,H,0S 285.043 7 [M-H] 3.5 205.086 8, 177.029 0, 161.096 9
conjugation
M38 17.54 Z/E-Ligustilide+Hydroxylation+ CH,,0, 381.119 0 [M-H] 2.6 205.086 7, 161.096 9
Glucuronide conjugation
M39 17.96 Senkyunolide A+Internal hydrolysis C,H0, 211.132 9 [M+H] 0.0 193.122 3, 175.111 7, 165.127 5,
147.116 9
M40 18.45 Senkyunolide I/H+Methylation C,H 0, 239.127 4 [M+H]" -1.7 221.116 6,207.101 5, 189.091 2,
179.106 4, 165.091 0, 137.096 1
M41 21.04 Senkyunolide I/H+Dehydroxylation+Di- C,H,,0 213.148 0 [M+H]" -2.4 195.138 7, 177.127 7, 149.132 5
hydrogenation
M42 2143 Senkyunolide I/H+Desaturation C,H,0, 223.096 5 [M+H]" 0.0 205.086 1, 177.091 2, 167.033 9,
149.023 3
M43 22.95 Senkyunolide I/H+Acetycysteine C,H,,NO,S  370.131 3 [M+H]" -1.6 352.122 2,328.121 5, 282.116 3,
conjugation 207.101 5, 189.090 9
M44  23.47 4-Hydroxy-3-butylphthalide+Methylation+ C H,,0 411.129 7 [M-H] 2.7 235.097 5,203.071 3, 175.024 8
Hydroxylation+Glucuronide conjugation
M45  23.77 4-Hydroxy-3-butylphthalide+Methylation+ C,H,,0 411.129 8 [M-H] 2.7 235.097 5, 203.071 2, 175.024 9
Hydroxylation+Glucuronide conjugation
M46  26.79 Z/E-Ligustilide+Hydroxylation C.H,O 205.086 9 [M-H] 49 161.097 1
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Figure 3 The possible metabolic pathways of organic acid-related metabolites in rats
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Figure 5 Molecular docking diagrams of key active ingredients binding to core targets. A: Ferulic acid and STAT3; B: Isoferulic acid and
PTGS2; C: Caffeic acid and ESR1; D: Chlorogenic acid and CASP3; E: Vanillic acid and MMP9; F: Benzoylpaeoniflorin and MMP9; G:

Senkyunolide A and IL1B; H: Senkyunolide F and EGFR
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