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HPLC-Q-TOF-MS/MS analysis of Danshen-Honghua herb pair
in vivo metabolites in the intestinal flora
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Abstract: Identification of metabolites of Danshen-Honghua herb pairs in isolated rat intestinal flora based on
HPLC-Q-TOF-MS/MS technique. By incubating enterobacteria in isolated rats as well as inactivated enterobacteria
in the incubation solution. The extracts of Danshen-Honghua herb pairs were added separately and co-incubated
under anaerobic conditions. Animal experiments and protocols were approved by the Laboratory Animal Ethics
Committee of Shaanxi University of Traditional Chinese Medicine (approval number: TCM-2020-030-E05). A
total of 14 compounds, including 5 prototypes and 9 metabolites, were identified in the isolated rat intestinal
incubation fluid. In contrast, no metabolites were detected in the inactivated enterobacterial fluid, except for the
prototype component. The results showed that the main components of the Danshensu, salvianolic acid B, rosma-
rinic acid, lithospermic acid, and hydroxysaftlor yellow A, could be metabolized by the intestinal flora, and these
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active ingredients were mainly metabolized in the rat intestinal flora in isolation by hydroxylation, decarboxyl-

ation, deoxygenation, decarboxylation and dehydration in phase I, sulfate esterification and methylation in phase II.

This proved that the Danshen-Honghua herb pair could be transformed into various metabolites by the action of rat

intestinal flora, further clarifying the role of intestinal flora in the metabolic transformation of the active ingredients

of Chinese medicine and laying the foundation for perfecting the potent substances of the pair.
Key words: Danshen-Honghua herb pair; intestinal flora; metabolite; HPLC-Q-TOF-MS/MS; cleavage
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Figure 1 HPLC chromatogram of Danshen-Honghua herb pair.

A: Danshen-Honghua extract; B: Mixed reference substance. 1:
Danshensu; 2: Hydroxysafflor yellow A; 3: Rosmarinic acid; 4:

Shikoric acid; 5: Salvianolic acid B
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Table 1 Metabolites of Danshen-Honghua herb pairs in normal rat intestinal bacterial fluid. HYSA: Hydroxysafflor yellow A. “Prototype

component
. m/z Error . . .
No. t,/min - - Formula Fragment ion Identification
Experimental ~ Theoretical ~ /ppm
M1* 52 197.045 8 197.044 9 4.57  CH/O; 135.037 5, 109.030 0 Danshensu
M2 5.53 627.155 1 627.1555 -0.64 C,H, 0, 627.1550,609.264 9,509.091 2  Hydroxylation product of HSYA
M3 5.55 277.002 3 277.001 2 397 CHOS 197.010 7,179.501 2, 135.037 5 Sulfate danshensu
M4 5.84 153.019 5 153.018 2 850 CH,0, 109.033 1 Protocatechuic acid
M5 9.81 165.055 8 165.054 6 727 CH,0, 121.030 6 3-Phenyl-2-hydroxypropanoic acid
M6 9.92 181.050 8 181.049 5 7.18  CH,0, 135.037 5, 121.030 6, 109.050 2 Deoxydanshensu
M7 10.72 611.163 1 611.160 6 409 C,H,0, 491.1206,403.104 3,325.0726  HSYA
M8 11.26 179.035 2 179.033 8 7.82  C/H,0, 135.045 6 Caffeic acid
M9 15.48 551.114 3 551.118 4 -744 C,H, 0, 551.2842,507.2934,353.121 5  Methyl lithospermic acid
M10* 232 359.075 5 359.076 1 -1.67  C,H O 197.046 3,179.035 4, 135.037 5  Rosmarinic acid
M11 23.68 493.116 6 493.1129 7.50  C,H,0,  313.0732,295.0620, 197.046 1  Decarboxylation product of lithospermic acid
M12*  23.70 537.105 6 537.1027 540 C,H,0, 493.1215,295.0623,197.046 3  Lithospermic acid
M13" 2443 717.146 4 717.1450 1.95  C,H,0, 519.0979,339.0541,321.0433  Salvianolic acid B
M4 2544 731.160 1 731.160 7 -0.82 C_H,O 533.112 3,353.063 2,335.061 5 Methyl salvianolic acid B
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Figure 2 Base peak intensity (BPI) chromatograms of metabolites of effective components of Danshen-Honghua pair in negative ion
modes by UPLC-Q-TOF MS/MS analysis. A: Incubation sample of blank group; B: Inactivated rat enterobacteria incubation sample; C:

Incubation sample of normal group of rat enterobacteria

Table 2 Metabolites of Danshen-Honghua herb pairs in inactivated intestinal fluids. “Prototype component

. m/z Error . . .

No. t,/min - - Formula Fragment ion Identification
Experimental Theoretical /ppm

urt 3.48 197.046 1 197.044 9 6.09 C,H,0; 135.045 8, 123.045 6, 109.029 6 Danshensu
u2* 8.50 611.163 5 611.160 7 4.75 C,,H, 0, 491.120 8, 403.104 5, 325.072 7 HSYA
u3® 22.89 359.079 6 359.076 1 9.75 CH,0, 197.046 9, 179.036 0, 135.045 6 Rosmarinic acid
u4* 23.55 537.1050 537.102 7 4.28 C,,H, 0, 493.121 3, 295.061 9, 197.045 9 Lithospermic acid
us® 24.99 717.148 2 717.1450 4.46 C H, 0, 519.094 3, 339.051 6, 321.041 1 Salvianolic acid B
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Figure 3 Cleavage pathways of the main components and metabolites of the Danshen-Honghua herb pair
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