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Abstract: Sanzi San, a Mongolian medicine, comprises three herbs: Terminalia chebula,

Melia toosendan, and Gardenia jasminoides. Clinically, Sanzi San is administered orally and
distributed via blood to the action site, which implies that the absorption, distribution, metabo-
lism, and excretion ( ADME) are closely related to the pharmacological action and curative
effect. Therefore, possible explanations for the material basis of Sanzi San were explored in this
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study preliminarily. A strategy based on serum pharmacochemistry was first applied to explore
the absorbed bioactive components and metabolites of Sanzi San. Wistar rats were randomly di-
vided into normal and dosing groups, which were provided with the Sanzi San’ s water extract
for three days. Then, the rat’ s blood samples were obtained from their abdomiral aorta using a
sterile blood collection tube after administering the medicine. The blood samples were then cen-
trifuged at 3 500 r/min for 10 min to obtain the serum samples.

A practical method based on high performance liquid chromatography coupled with quadru-
pole and electrostatic field orbitrap high resolution mass spectrometry ( HPLC-Q/Orbitrap
HRMS) was developed to screen and analyze numerous bioactive components and metabolites
adsorbed in the serum of the dosing rats after oral administration of the Sanzi San’s water ex-
tract. Chromatographic separation was achieved on a SHIMADZU GIST C,; chromatographic col-
umn (150 mmx4. 6 mm, 5 wm). The temperature of the column was maintained at 30 C. The
flow rate was 0. 5 mL/min, and the injection volume was 10 pL. The mobile phase comprised
an aqueous solution of 0. 1% formic acid and methanol under gradient elution. A heated electro-
spray ion (HESI) source was used with positive and negative ion scanning modes. To rapidly
screen out and identify the absorbed bioactive components and metabolites of Sanzi San in the
rat serum samples, a simple three-step approach was developed. First, the known components
in Sanzi San were listed systematically by exploring various databases, such as the Web of Sci-
ence, PubMed, and Chinese National Knowledge Infrastructure. In addition, relevant informa-
tion on drug biotransformation and the characteristic fragmentation patterns of parent com-
pounds were summarized. Second, the absorbed components and metabolites were ascertained
using the Xcalibur 3. 0 software. Based on the information related to the parent compound’ s
structure, the software could be used to identify the unique peaks by comparing the chromato-
grams of the normal and dosing samples. Consequently, the total ion chromatograms of serum
samples were established. Finally, the Compound Discover 3.0 software was used to predict
the metabolic pathways and fragmentation of the absorbed compounds. Using this approach, 55
compounds were characterized, including 41 prototype components and 14 metabolites. The
main prototype components in the serum sample were tannins, iridoids, and phenolic acids.
The details of these compounds have been summarized and presented. Regarding the absorbed
bioactive components and metabolites in the serum samples of rats administered with Sanzi
San, phase I and phase Il biochemical reactions were involved in the biotransformation path-
ways. The phase [ reaction modified the components and created sites for the phase Il reac-
tion, involving reduction and hydrolysis. The phase II reaction coupled groups to existing con-
jugation sites, including glucuronide to glucuronic acid, sulfate, and methyl. MS/MS spectra in-
dicated that methylation, demethylation, and dehydroxylation are the metabolic pathways of
procyanidins. Additionally, glucuronidation, deglucosidation, hydration, and demethylation are
the metabolic pathways of iridoids in Sanzi San. This study comprehensively analyzed the com-
ponents of the Sanzi San’ s water extract absorbed in the rat’ s serum. Our results revealed
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information regarding the pharmacodynamic substances and the major pathways involved in the

ADME of Sanzi San. Further, potential medicinal ingredients for the pharmacological effects

and clinical use of Sanzi San were explored at the serum pharmacochemistry level.
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Table 1 Prototype components of Sanzi San in rat blood serum
ty/ Ion Predicated Observed
No. Compound Product ions (m/z) Error Source
min mode ion (m/z) ion (m/z)
1* quinic acid 5.07 [M-H]~ 191.05501 191.05504 173.04425,127.03856,111.04348, 0.025 H
93.03301
2 3,4-dihydroxy benzaldehyde 5.83 [M-H]~ 137.02332 137.02315 109.02799 -0.171
3* shikimic acid 5.90 [M-H]~ 173.04444 173.04411 155.03439,137.02261,111.04358 -0.340 H
4 chebulic acid 8.80 [ M-H]~ 355.02958 355.03018 337.01953,293.03137,249.03989, 0.592 H
205.04962,161.05936
5 6-0O-galloyl-glucose 12.44 [M-H]~ 331.06597 331.06674 271.04562,169.01276,125.02287 0.767 H
6 2-O-galloyl-glucose 13.22 [M-H]~ 331.06597 331.06653 271.04510,169.01279,125.02314 0.557 H
7 1-O-galloyl-glucose 14.51 [M-H]~ 331.06597 331.06625 271.04547,169.01285,125.02318 0277 H
8 * gallic acid 15.09 [M-H]~ 169.01314 169.01274 125.02285 -0.410 H
9 5-hydroxymethylfurfural 15.21 [M-H]~ 125.02332 125.02302 78.91732 -0.301 C
10 chebulic acid/isomer 16.32 [ M-H ]~ 355.02958 355.03030 337.11356,293.01355,248.97058, 0.622 H
204.98022,161.04433
11 13-methylchebulate/11-methylchebulate 17.65 [ M-H]~ 369.04523 369.04581 353.03043,337.01788,205.04951 0572 H
12 3,6-di-O-galloyl-B-D-glucose 19.44 [M-H]~ 483.07693 483.07724 331.06665,313.05609,211.06020, 0.308 H
169.08574
13 shanzhiside 20.92 [M-H]~ 391.12634 391.12399 229.07060,185.08072,167.06992 0.502 Z
14 (-)-shikimide 4-O-gallate/( —)-shikimide 21.13 [M-H]~ 325.05540 325.05612 169.01286,125.02290, 93.03308 0712 H
3-0O-gallate/ ( —) -shikimide 5-O-gallate
15 protocatechuic acid 22.01 [M-H]~ 153.01823 153.01823 109.02800 -0.365 Z
16 (-)-shikimide 4-O-gallate/ ( —)-shikimide 22.40 [M-H]~ 325.05540 325.05631 169.01286,125.02287, 93.03308 0712 H
3-0-gallate/ ( —) -shikimide 5-O-gallate
17 1,4-di-O-galloyl-B-D-glucose 23.48 [M-H ]~ 483.07693 483.07782 331.06778,313.05704,211.02417, 0.888 H
169.01332
18 (-)-shikimide 4-O-gallate/ ( —)-shikimide 23.66 [ M-H]~ 325.05540 325.05569 169.01286,125.02291, 93.03300 0282 H
3-0-gallate/ ( —) -shikimide 5-O-gallate
19 shanzhiside methyl ester 24.44 [M-H]~ 405.13913 405.13913 359.13603,197.08096 0.722 Z
20 wuralenneoside 25.51 [M-H]~ 285.06049 285.06131 153.01840,109.02811 0.816 H
21 1,3-di-O-galloyl-B-D-glucose 25.85 [M-H]~ 483.07693 483.07828 331.96085,313.05597,210.99361, 1.348 H

169.08578
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Table 1 (Continued)
No. Compound tR./ fon .Predicated .Observed Product ions (m/z) Error Source
min mode ion (m/z) ion (m/z)
22 jasminoside B/D/G 26.63 [ M+H]* 347.17004 347.16989 167.10651 -0.154 Z
23 * methyl gallate 29.42 [M-H]~ 183.02879 183.02875 168.00449,124.01493,111.00724 -0.201 H
24  jasminodiol/rehmapicrogenin 30.48 [M-H]~ 183.10157 183.10149 139.11147 -0.081 Z
25 1,6-di-O-galloyl-B-D-glucose 30.63 [ M-H]~ 483.07693 483.07797 331.06635,313.05630,211.02336, 1.038 H
169.01770
26 chlorogenic acid 32.50 [M-H]~ 353.08670 353.08741 191.05504 0.691 Z
27 genipin-1, 10-di-O-B-D-glucopyranoside 32.68 [M+H]* 551.19704 551.19696 227.09093,209.08066,149.05962 -0.087 Z
28 jasminoside S/1 34.75 [M+H]*+ 493.22795 493.22809 207.06659,169.12222 0.137 Z
29 jasminoside S/I 36.25 [M+H]"* 493.22795 493.22754 169.12224 -0.143  Z
30 genipin 37.13 [M+H]* 227.09140 227.09093 209.08058 -0.470 Z
31 geniposide 37.48 [M+H]* 389.14422 389.13971 227.09077,209.08055,125.09614 -4.513 Z
32" ethyl gallate 42.64 [M-H]~ 197.04444 197.04605 169.01393,125.02393,110.94225 1.600 H
33 trams-phenylacrylic acid 46.37 [M-H]~ 163.03917 163.03871 119.04740 -0.261 H
34 jasminodiol/rehmapicrogenin 46.53 [M-H]~ 183.10157 183.10153 139.11150 -0.041 Z
35 10-O-trans-sinapoylgeniposide/ 56.33 [ M-H]~ 593.18648 593.18842 225.14905, 207.13829 1.938 Z
6'-O-trans-sinapoylgeniposide
36 3,4-dihydroxy benzaldehyde/isomer 58.69 [ M-H]~ 137.02332 137.02304 109.02830 -0.281 Z
37* ellagic acid 68.95 [ M-H]~ 300.99789 300.99857 283.75159 0.676 H
38 4-O-sinapoyl-5-O-caffeoylquninic acid 71.13 [M-H]~ 559.14461 559.14624 397.91110, 173.04422 1.623  Z
39 4-O-sinapoyl-5-O-caffeoylquninic acid 78.73 [M-H]~ 559.14461 559.14626 397.11221, 173.04428 1.743  Z
/isomer
40 10-O-trans-sinapoylgeniposide/6'- 79.32 [M-H]~ 593.18648 593.18842 225.14919,207.13840 1.938 Z
O-trans-sinapoylgeniposide
41 arjungenin 90.61 [ M-H]~ 503.33671 503.33945 485.32883 2.734 H
* Confirmed by standard substance; H: Terminalia chebula Retz.; Z. Gardenia jasminoides Ellis.; C: Melia toosendan Sieb. et Zucc.
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Table 2 Metabolites of Sanzi San in rat blood serum

No. Compound tR./ Ton .Predicated .Observed Product ions (m/z) Elemer'lt.al rror Source
min mode ion (m/z) ion (m/z) composition

M1 quinic acid reduction 505 [M-H]~ 193.07066 193.07069 191.05502,129.01772 C;H ,O4 0.025 H

M2 urolithin D 12.10 [M-H]~ 259.02371 259.01004 191.05370,179.05345 C;HgOq¢ 3.674 H

M3 digallic acid hydration 15.31 [M-H]~ 339.03467 339.03522 169.01280,125.02287 C;,H;0,y  0.547 H

M4 gallic acid glucuronidation 18.83 [M-H]~ 345.04523 345.04590 169.01286,125.02292 C;3H,,0;  0.662 H

M5 shanzhiside methyl ester reduction 20.07 [M-H]~ 407.15478 407.15546 361.14996,199.09650 C,;HyO,;  0.672 Z

M6 3,4-dihydroxy benzaldehyde sulfation 21.02 [M-H]~ 216.98013 216.98027 137.02298 C,HgO¢S 0.195 H

M7 10-O-acetylgeniposide reduction 21.82 [M-H]~ 419.11840 419.11917 397.94940,211.06027, C,;H,,0,, 0.768 Z

167.06990

M8 jasminodiol/rehmapicrogenin 26.01 [M-H]~ 359.13365 359.13367 183.02872 CsHy Oy 0.011 H
glucuronidation

M9 methyl gallate reduction 27.40 [M-H]~ 183.02879 183.02859 168.00502,124.01509 CgH,05 -0.210 H

MI10 shikimic acid reduction 28.76 [M-H]~ 175.06009 175.05978 157.04913,113.05927 C,H,05 -0.320 H

MIl1 genipin glucuronidation 37.49 [M+H]* 403.12348 403.12344 209.08057 C;;H, 0, 1.052 Z

MI2 genipin demethylation 70.33 [M+H]* 212.06792 212.06816 210.15672,127.07531 C,,H;, 05 0.235 Z

MI13 6'-O-trans-sinapoyl jasminoside 81.15 [M+H]* 539.24868 539.24890 363.21616,327.19510 CpH3O,; -0.028 Z
A reduction

Mi14 dimethyl ellagic acid 86.62 [M-H]~ 329.02919 329.03027 314.00638,298.98288 C,H,,Oq 1.076 H
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Fig. 2 Extracted ion chromatograms ( EIC) and MS spectra of metabolites from Sanzi San
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