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Abstract

Background and objectives: Shenqi Fuzheng (SQ) is a widely used Chinese medicine formula known for its immune-enhanc-
ing and Qi-supplementing properties. However, the blood-absorbed components of SQ and their pharmacokinetics remain
underexplored. This study aimed to comprehensively analyze the chemical constituents of SQ and investigate their absorption
and pharmacokinetic behavior in rat plasma.

Methods: Ultra-performance liquid chromatography-triple quadrupole time-of-flight mass spectrometry (hereinafter referred
to as UPLC-Triple-TOF/MS) is employed to identify the chemical components in SQ extract and quantify the components
absorbed into the blood after oral administration in rats. This method provides fragmentation patterns of compounds and key
pharmacokinetic profiles of blood-absorbed compounds.

Results: A total of 105 compounds are identified from the SQ extract, and 40 are detected in the blood following oral adminis-
tration. Organic acids and amino acids are found at higher concentrations in the bloodstream. Compounds such as Astragalo-
sides promptly enter the bloodstream within 5 m after administration, with levels declining after 15 m. Flavonoids are absorbed
within 15-30 m, and the peak of alkaloids occurs approximately 1 h after administration.

Conclusions: This study provides new insights into the chemical composition and pharmacokinetics of SQ, highlighting the

dynamic changes in the content of absorbed compounds in the blood. It further promotes the comprehensive characteriza-

tion of traditional Chinese medicine formulations through UPLC-Triple-TOF/MS. Future research should focus on elucidat-

ing the pharmacological activities of the identified compounds and investigating their potential synergistic effects within
the formulation.
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supplement Qi (according to TCM theory).®? Clinically, SQ has
been applied for purposes ranging from enhancing immune func-
tion to cancer treatment.!%-12

As a TCM prescription, the SQ formula contains complex com-
ponents and a variety of bioactive compounds that exert therapeu-
tic effects.®13 This complexity presents significant challenges in
identifying and characterizing individual components. Mass spec-
trometry (MS), combined with advanced separation techniques,
has become a key tool for revealing the complex chemical com-
ponents of TCM formulations.!* Techniques such as ultra-perfor-
mance liquid chromatography-triple quadrupole time-of-flight MS
(UPLC-Triple-TOF/MS) provide high sensitivity and accuracy, al-
lowing for the structural resolution and detection of a wide range
of metabolites, proteins, and other bioactive molecules in complex
herbal mixtures.!5-18

In recent years, significant progress has been made in identify-
ing the chemical constituents of Radix Astragali and Radix Codo-
nopsis. Jia et al.'® employed UPLC-Triple-TOF/MS to identify 29
compounds in Radix Codonopsis, including three alkaloids, 13 phe-
nolic acids, eight alcohol glycosides, and five alkynosides. Liang
et al.* used UPLC-Q-TOF-MS to identify a total of 45 chemical
constituents in Radix Astragali, including 22 flavonoids, 13 sapo-
nins, and 10 amino acids. Furthermore, mass spectrometric analysis
has provided insights into the major fragmentation patterns of com-
pounds in the SQ formula. For flavonoids, one of the key groups
of bioactive components, major mass spectrometric fragmentation
patterns include cleavage of glycosidic bonds, retro-Diels—Alder
cleavage, and the loss of neutral fragments such as CO, H,0, and
C,H,0.2% For saponins, most of the MS? fragmentation patterns
involve the cleavage of glycosidic bonds, with one or more H,0O
molecules potentially lost during the fragmentation process. Un-
derstanding these major mass spectrometric fragmentation patterns
will facilitate compound identification in subsequent studies.

Despite extensive studies on individual components of Radix
Astragali and Radix Codonopsis, studies specifically targeting the
chemical components of SQ formula are still limited. Additionally,
most bioactive constituents in TCM exhibit pharmacological ef-
fects only after being absorbed into the bloodstream,?! and the spe-
cific components of SQ that can enter the blood, along with their
pharmacokinetic properties, remain poorly understood. Therefore,
further studies on the bioactive components of the formulation and
their pharmacokinetics are needed.

In this article, UPLC-Triple-TOF/MS is used to analyze the
chemical constituents of the SQ extract and the plasma compo-
nents of rats post-oral administration. Furthermore, the fragmen-
tation patterns of chemical components and the pharmacokinetic
characteristics of the blood compounds are investigated. This will
facilitate pharmacological studies of these TCM compounds.

Materials and methods

Drug sample preparation

SQ is prepared by extracting Radix Codonopsis pilosula and Radix
Astragali at a ratio of 1:1. The extraction process involves sepa-
rately processing Radix Codonopsis pilosula and Radix Astragali.
These extracts are distilled into concentrates and then treated with
ethanol. The resulting concentrates are mixed to produce the SQ
extract.® SQ extract (2.28 g/mL crude drug, lot number: 231201) is
provided by Limin Pharmaceutical Factory, Livzon Pharmaceuti-
cal Group. The extract is centrifuged at 10,000 rpm for 10 m, and
the resulting supernatant is used as the standard solution.
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The reference standards are purchased from Shanghai Winherb
Medical Technology Co., Ltd. These standards include Caffeic
acid (lot number: 240324), Astragaloside I (lot number: 240410),
Isoastraloside I (lot number: 240330), Astragaloside II (lot num-
ber: 240415), Isoastraloside II (lot number: 240328), Astragaloside
III (lot number: 231207), Calycosin (lot number: 240322), Astra-
galoside IV (lot number: 240120), Calycosin-7-O-3-D-glucoside
(lot number: 231218), and Lobetyolin (lot number: 231206). These
standards are dissolved in methanol to prepare 1 mg/mL stock so-
lutions, which are then combined to create a mixed standard solu-
tion for analysis. This mixed standard solution is also centrifuged
at 10,000 rpm for 10 m, and the supernatant is used for subsequent
analyses.

Animal plasma sample preparation

Male Sprague Dawley rats (220 g) are purchased from Shanghai
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). The rats
are housed under a 12-h light/dark cycle in a controlled environ-
ment with food and water provided ad libitum.

The rats are divided into two groups: the control group receives
a gavage of 1.6 mL of 0.9% NaCl solution, while the drug group
is gavaged with 1.6 mL of SQ extract. Blood samples are collected
from the inferior vena cava at 5, 15, 30 m, and 1 h post-gavage
into ethylene diamine tetraacetic acid (EDTA)-coated anticoagu-
lant tubes. After allowing the blood to stand for 30 m, the samples
are centrifuged at 3,000 rpm to separate the plasma. For plasma
preparation, 100 pL of plasma is transferred into a centrifuge tube,
mixed with 300 pL of methanol, and thoroughly vortexed for 2 m.
The mixture is left in an ice bath for 10 m, followed by centrifuga-
tion at 10,000 rpm for 10 m. The resulting supernatant is used as
the plasma test solution.

Chromatographic experiments and mass spectrometry

Chromatographic separation is achieved using a Waters ACQUITY
UPLC HSS T3 column (1.8 um particle size, 150 x 2.1 mm). Data
acquisition is performed on an Acquity™ UPLC system (Waters
Technologies, U.S.A.) coupled to a UPLC-Triple-TOF/MS system
(6600+ QTof, SCIEX, Waters Technologies, U.S.A.). The mobile
phase A is water with 0.1% formic acid, and the mobile phase B
is acetonitrile with 0.1% formic acid. The gradient elution condi-
tions are as follows: 0.00-6.00 m, 2% B; 6.00-20.00 m, 15% B;
20.00-30.00 m, 50% B; 30.00-32.00 m, 95% B. The flow rate is
0.300 mL/m, the column temperature is 50°C, and the injection
volume is 3 pL.

Accurate mass measurement is conducted in both negative ion
mode and positive ion mode under the following conditions: scan
range: mass-to-charge ratio (m/z) 100-2,000 Da and 501,500 Da;
gas 1 pressure: 55 psi; gas 2 pressure: 55 psi; curtain gas: 35 psi;
ion source temperature: 550°C (positive) and 550°C (negative);
ion source voltage: 5,500 V (positive) and —4,500 V (negative);
first scan: declustering potential: 80 V; collision energy: 10 V; sec-
ond scan: TOF MS-Product lon-information-dependent acquisi-
tion mode for mass spectrometry data acquisition, with Collision-
induced dissociation energy of 40 + 20 eV. Before injection, a
calibrant delivery system pump is used for mass axis calibration to
ensure a mass axis error of less than 2 ppm.

Analysis of chemical constituents of SQ extract

For pre-processing, raw mass data of the SQ extract and plasma
samples are imported into MS-DIAL software (version 4.9).
Peak detection parameters are set with a minimum peak height of
10,000, while all other settings remain at default. Peak alignment
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Fig. 1. Overall results of component identification of Shenqi Fuzheng (SQ) extract. (a) Total ion current chromatograms (TIC) of SQ extract by ultra-perfor-
mance liquid chromatography-triple quadrupole time-of-flight mass spectrometry (UPLC-Triple-TOF/MS), negative ion mode; (b) TIC of SQ extract by UPLC-
Triple-TOF/MS, positive ion mode; (c) Pie chart of the number of different types of compounds in SQ extract; (d) Pie chart of the number of compounds from

different herbs in SQ extract. AM, Radix Astragali; CP, Radix Codonopsis pilosula.

is performed based on SQ extract data. The resulting peak list from
the SQ extract is exported for component identification.

Identification of blood-absorbed components of SQ extract

The aligned feature table is exported for the analysis of blood
components. The features of plasma samples from the control
and drug groups are aligned with those of the SQ extract. Peaks
are considered blood components if the peak area in the drug
group is more than three times that in the control group and ex-
ceeds 1,000 in area. Peaks with retention times (RTs) between 2
m and 23 m are selected for further analysis. The blood compo-
nents are identified based on an m/z error of less than 0.01 and an
RT error of less than 0.01.

Results

One hundred and five chemical constituents of SQ extract are
identified

The SQ extract is analyzed using the UPLC-Triple-TOF/MS meth-
od, resulting in positive and negative total ion chromatograms (Fig.
la, b). Based on the precursor m/z and mass spectral fragmentation
patterns, a total of 105 compounds are identified (Table 1), includ-
ing 25 terpenoids, 29 flavonoids, eight alkyl polyglucosides, nine
alkaloids, nine organic acids, and other compounds (Fig. 1¢). Most
prominent components of SQ are identified, with 10 compounds
confirmed using reference standards. The origin of the compounds
is also determined, with 73 isolated from Radix Astragali and 32
from Radix Codonopsis pilosula (Fig. 1d).

Terpenoids and their fragmentation patterns

Terpenoids primarily originate from Radix Astragali, including
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compounds such as Astragaloside IV, Astragaloside III, Astraga-
loside II, Isoastragaloside II, Astragaloside I, Isoastragaloside I,
and Cycloaraloside E. For example, the fragmentation pattern of
compound 80 is analyzed. The RT for compound 80 is 17.022 m.
A [M+H]* peak with m/z of 815.4767 is observed in positive ion
mode, suggesting a molecular formula of C,,H,,0, 5. The second-
ary fragment ions detected are 143.10596, 437.34198, 455.35086,
815.47998, 419.32819, and 473.35938. Based on these data, com-
pound 80 is assumed to be Cycloaraloside E, and its possible frag-
mentation pattern is illustrated in Figure 2.

Alkaloids and their fragmentation patterns

Alkaloids primarily originate from Radix Codonopsis pilosula
and are detected in positive ion mode, including compounds
such as Codonopsine, (2R,3R,4R,5R)-2-(hydroxymethyl)-5-(4-
methoxyphenyl)-1-methylpyrrolidine-3,4-diol, Radicamine A,
and Codonopsinol C. For example, the fragmentation pattern of
compound 24 is analyzed. The RT for compound 24 is 4.34 m.
A [M+H]" peak with m/z of 268.1536 is observed in positive
ion mode, suggesting a molecular formula of C,,H, NO,. The
secondary fragment ions detected are 88.08239, 58.06517, and
121.06402. Based on these data, compound 24 is assumed to be
Codonopsine, and its possible fragmentation pattern is shown in
Figure 3.

Flavonoids and their fragmentation patterns

Flavonoids primarily originate from Radix Astragali, including
compounds such as Narcissin, Rhamnocitrin, Calycosin-7-O-3-D-
glucopyranoside, Calycosin, and Ononin. For example, the frag-
mentation pattern of compound 64 is analyzed. The RT for com-
pound 64 is 12.818 m. A [M+FA-H]™ peak with m/z of 475.1247 is
observed in negative ion mode, suggesting a molecular formula of
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Table 1. Characterization of constituents in Shengi Fuzheng (SQ) extract by ultra-performance liquid chromatography-triple quadrupole time-of-flight
mass spectrometry (UPLC-Triple-TOF/MS)

No Rt Mz Adduct ppm Formula Name MS/MS Source
1 1.157 131.0468 [M-H]~ -8.64  C,HgN,O, L-isoasparagine 72.00975, 58.03087, AM
70.02944, 114.01923
2 1.215 179.0559 [M-H]~ -1.87  C,H,,04 a-D-glucopyranose 59.01412, 71.01325, AM
85.03016, 56.99766, 55.01833
3® 1344 3411073 [M-H]© 320  C,H,,0,,  Sucrose 59.01402, 71.01314, AM
89.02369, 101.02446,
113.02393
4 1.441 116.0706 [M+H]* -4.77  CHGNO, D-prolin 70.06343, 68.04769, AM
53.03716, 69.85431
5 1.475 115.0038 [M-H]~ -5.78 C,H,0, Maleic acid 71.01428 AM
6° 1577 118.086  [M+H]*  -6.81 C,H,,NO,  Lwaline 55.05266, 72.07752, AM
57.05698, 56.04929
7° 1651  607.1702 [M-H]"  -6.42 C,H,,0,.  Tanosidel 103.00355, 59.0140, AM
503.15948, 341.10361
8 1.835 256.1189  [M+H]* 1.57 C,,H ;NO Radicamine A 60.04468, 137.05962, CP
90.05214, 177.05446,
122.03488
9b 2.092 240.1237 [M+H]* 0.48 C,H;NO, Codonopsinol C 74.05977, 56.04929, CP
107.0492, 147.0439
10 2.213 400.1703 [M+NH4]+ -4.23 C,;H,,N,O5  Tryptophan-N-glucoside 256.12851, 164.08186, CP
70.06462, 178.09523,
400.16238
11 2.425 165.0533  [M+H]* -11.33 C,H,0, P-coumaric acid 77.03858, 95.04868, cP
123.04395, 119.04932,
91.05324
12  2.628 323.0987  [M-H]~ -2.71  C;,H,00,0 Astrabhotin A 59.01402, 57.03468, AM
161.04385, 89.02369,
101.02305
13b 2.714 270.1324 [M+H]* -6.47  C;3H NOg (2R,3R,4R,5R)-2-(3- 74.06091, 56.04924, CP
hydroxy-4-methoxyphenyl)- 137.0594, 104.07057
5-(hydroxymethyl)-1-
methylpyrrolidine-3,4-Diol
14> 2759 2681048 [M+H]* 082  C,H,;N.O, Adenosine 136.06146, 119.03542, cp
94.03931, 57.03361,
268.10248
15> 2793 323.0986 [M-H]"  -240 C.H,0,,  AstrabhotinD 99.04639, 59.01508, AM
143.03584, 89.02498,
71.01429
16> 294 4301562 [M+H]* 030  C.H,NO,, 3-nitropropyl B-D- 136.06142, 298.11609, AM
gentiobioside 178.07237, 430.15854,
280.10345
17 3.122 430.1565 [M+H]* 1.00 C;sH,,NO ., 3-nitropropyl B-D- 136.06149, 298.11386, AM
cellobioside 178.07062, 280.10361
18 3.427 382.1576 [M+H]* 5.36 C,,HgN;0, (-)-benzomalVin A 238.11772, 382.15045, CP
164.0798, 346.14282
19 3,518 145.0491  [M+H]* -6.79  CH,0, 5-methoxy-5- 99.04464, 53.03816, cP
hydroxymethyl-2-furanone 71.04856, 55.01726, 57.03367
20 3.886 166.0853 [M+NH4]+ -9.06 C,HZ0, P-hydroxy-cinnamaldehyde 103.05436, 120.08138, CP
77.04225, 91.05454, 51.02303
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
21 3.930 164.0718  [M-H]~ -3.94 C,H,;NO, L-phenylalanine 103.05617, 72.00844, CcP
147.04482, 77.03866
220 3.978 416.1895 [M+H]* -6.15 C1gH,NO, Codonopsinol C-1-0- 74.05985, 254.13847, CP
B-D-glucopyranosyl 85.02854, 236.11742
23 416 2541379  [M+H]*  -525 C,H,,NO,  (2R3R,4R,5R)-2- 74.06337, 121.06381, cp
(hydroxymethyl)-5- 161.05861, 56.04927,
(4-methoxyphenyl)-1- 254.13811
methylpyrrolidine-3,4-diol
245 434 268.1536  [M+H]* -4.79  C,H,,NO, Codonopsine 88.08239, 58.06517, CP
121.06402
25" 4425 4331358 [M-H]T  -276 C,H,0,  2-methoxyphenol-4-O- 124.01704, 139.04063, AM
B-apiofuranosyl-(1->2)- 123.00861, 433.13721,
B-glucopyranoside 161.04716
26 5.181 288.1209 [M+H]* -9.32 Ci6H7NO, Lycorine 244.09819, 245.10431, AM
200.10519, 270.112
27° 5.206 359.0983 [M-H]~ -1.32 C15H,0040 Glucosyringic acid 123.00882, 138.03238, AM
197.04686, 182.02252,
153.05643
28 5.342 353.0867 [M-H]~ 1.59 Ci6H1504 4-caffeoylquinic acid 191.05753, 179.0349, AM
173.04358,
29 6.063 625.1753  [M+H]* -2.50  CyH3,0,, Narcissin 301.07047, 463.12155, AM
269.04428, 241.04871,
213.05444
30°  6.698 353.0895  [M-H]~ -6.34  C,H.; ;04 3-caffeoylquinic acid 191.05763, 85.03001, AM
127.04032, 93.03312,
173.04358
31 6.818 417.1375 [M-H]~ 5.25 CigH26011 Benzyl-a-L- 152.01183, 109.02929, CP
arabinopyranosyl 153.01967, 108.0211
(1->6)-B-D-glucopyranoside
32 6.84 217.0964 [M+H]* -6.00 C;,H,N,0, (R)-2,3,4,9-tetrahydro- 144.08022, 143.07207, CP
1H-pyrido[3,4-B] indole-  127.05397, 115.05291,
3-carboxylic acid 77.03866
33 6.909 353.0888  [M-H]~ -4.36  C,H,;0, Scopolin 135.04498, 173.04694, AM
191.05725, 179.03651,
93.03429
34> 7.467 239.0567  [M+FA-H]" -4.75 C,H,,0, Ferulic acid 91.05617, 149.06158, AM
72.99396, 117.03547,
163.04095
35b 7.496 447.1495 [M+FA-H]~ 1.69 CisH26010 (2R,3R,4S,55,6R)-2-phenyl  401.14713, 269.10394, AM
methoxy-6-[[(2S,3R,4S,5S)- 59.0139, 161.0453, 101.02425
3,4,5-trihydroxyoxan-
2-Y1] oxymethyl]
oxane-3,4,5-triol
36° 8009  449.1097 [M-H]"  -2.92 C,H,,0,,  (£)-4-O-B-D- 259.06137, 269.04675, AM
glucopyranosylmaesopsine 125.02501, 287.05817,
449.11191
37 8.085 525.1984  [M-H]- -2.28  CyH;,0,, 7R,8R-threo-4,7,9,9'- 167.07224, 149.06152, cP
tetrahydroxy-3-methoxy- 179.07239, 315.12314,
8-0-4'-neolignan-3'-0O- 165.05583
B-D-glucopyranoside
38 8.556 463.123 [M+H]* -2.25 C,,H,,04, Kaempferol 7-methyl ether 301.07022, 269.04407, AM
3-0-B-D-glucopyranoside  241.04851, 213.05222,
253.08461
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
39 8.569 219.0677  [M-H]~ -8.97 C,,H;,0, Lanceolune B 129.09377, 143.07257, cP
72.99265, 157.08601,
113.09688
40 8.571 301.0689 [M+H]* -7.69 Ci6H1206 Rhamnocitrin 301.07022, 213.05428, AM
283.1066, 167.0602,
269.04407
41 8.599 461.1077 [M-H]~ 1.50 C,,H,,044 3',5-dihydroxy-4'- 299.05893, 284.03448, AM
methoxyisoflavone-7-0O- 461.1131, 255.03055,
B-D-glucopyranoside 283.02457
42 9.084 325.0931  [M-H]- 232 Cl O [(2)-2-(B- 119.05143, 117.03549, CP
glucopyranosyloxy)]-3- 101.03994, 91.05484,
phenylpropenoic acid 163.04099
43 9526  609.179  [M+H]*  -4.84 C,H,,0,.  Chrysoeriol-7-O--D- 285.07657, 270.04977, AM
glucopyranosyl-4-O-a- 253.04907, 609.18884,
L-rhamnopyranoside 225.05264
44b 9651  444.2426  [M+NH,]* -425 C,H,,0,,  Hexyl-B-getiobioside 85.02848, 145.04947, cp
163.05962, 127.03801,
97.02808
44b 9673 4712087 [M+FA-H]" -1.97 C,H,,0,,  Hexyl-B-getiobioside 425.20444, 263.15073, cp
101.02417, 161.04697,
71.01411
45 9.688 469.1335  [M-H]~ 2.36 C,1Hy601, 3-{{6-0-[(2E)-3-(4- 99.04629, 265.07318, CP
hydroxyphenyl)-1- 163.04085, 143.03571,
oxoprop-2-En-1-YI]- 205.05055
B-D-glucopyranosyl}
oxy}-3-methyl glutaric acid
46*° 9.93 4471276  [M+H]*  -3.41 C,H,,0,,  Calycosin-7-O-B-D- 285.0766, 270.05212, AM
glucopyranoside 253.0491, 225.05479,
137.02184
462° 9,944 491.1194  [M+FA-H]" -0.91 C,H,,0,, Calycosin-7-O-B-D- 283.06393, 268.03796, AM
glucopyranoside 211.04095, 239.03506
47> 9.973 425.2028  [M-H]~ -1.20 C;H,,0,, Hexyl B-sophoroside 263.15097, 59.01391, CcpP
101.02285, 71.01418,
113.02371
48b 10.258  223.0625 [M-H]~ -8.29 C11H1,0¢ 2-oxopropyl 3-hydroxy- 91.05593, 161.06116, CP
4-methoxybenzoate 163.04233, 133.06561,
87.00856
49 10.754  479.1565 [M-H]~ -2.42 Cy3H,404; (3R,4R)-4,7-hydroxy-2',3'-  317.10544, 121.0302, AM
dimethoxyisoflavane- 299.09201, 180.04138,
4'-0-B-D-glucoside 137.02386
50 10.833 576.2635 [M+NH,]* -3.68 C,H,0,,  Lobetyolinin 199.11131, 155.08499, cp
129.06955, 128.06142,
153.0695
50 10.860 603.2292  [M+FA-H]" -0.50 C,,H,,0,, Lobetyolinin 179.05701, 89.02474, CP
323.099, 119.0358, 221.06808
51 11.131 671.2161 [M+FA-H]~ 3.92 CyoH35015 Isomucronulatol 301.10974, 463.16278, AM
7,2'-Di-O-glucoside 286.08548, 135.0451,
121.02888
52 11.161 261.1354 [M-H]- -6.07  C,,H,,0, (2R,3R,4S,55,6R)-2- 125.09717, 187.09991, cP
[((Z)-hex-3-enyl) oxy]-6- 97.06568, 123.08187,
hydroxymethyl-tetrahydro- 169.08807
pyran-3,4,5-triol
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
53 11.329 598.2453 [M+NH4]+ -7.80 CygH36045 (+)-Syringaresinol O-B- 205.08554, 265.10785, AM
D-glucopyranoside 173.05911, 217.08583,
167.06958
54 11.528 533.1263 [M+H]* -6.04 CysH,,045 6"-0O-malonate-calycosin- 285.07458, 270.05243, AM
7-0-B-D-glucoside 533.12842, 253.04942,
225.05505
55° 11544 463.1213  [M+H]*  -592 C,H,,0,,  Pratensein 301.07086, 286.0477, AM
7-O-glucopyranoside 269.04462, 241.049,
153.01735
56° 11.634 287.0892 [M+H]* -9.58 Ci6H1405 Homobutein 153.05527, 138.02975, AM
110.03438, 147.04218,
125.05885
57° 11.840 137.024 [M-H]~ -0.95 C,H,0,4 4-Hydroxy-benzoic acid 93.03554, 65.03995, 75.0238, CP
137.02219, 67.01903
58 12.006 441.1765 [M+FA-H]- -0.96  C, H,.0, 2-[(4E,12E)-1,7- 143.07272, 185.0995, CcpP
dihydroxytetradeca- 159.08182, 59.01288,
4,12-dien-8,10-diyn-6-YI] 89.02492
oxy-6-(hydroxymethyl)
oxane-3,4,5-triol
59%b 12,196 414.2119 [M+NH4]+ -2.16 C,oH2505 Lobetyolin 128.06136, 155.08492, CP
129.06949, 199.11124,
153.06944
590 12.216 441.1758 [M+FA-H]~ 0.62 CyoH,404 Lobetyolin 143.07217, 159.08121, CP
185.0988, 59.01373, 89.0259
60 12.216 443.1902 [M+FA-H]~ 3.44 Cy0H3004 Cordifolioidyne B 59.01373, 89.02458, CP
71.01397, 119.03405,
217.12573
61 12.216  179.0569 [M-H]~ -7.46 CsH;,04 B-D-glucose 59.01481, 71.01279 AM
62 12.305 391.1891 [M-H]~ 4.69 C,5H,40, Glabrol 79.95785, 391.18256, AM
263.09576, 59.01379,
71.01403
63 12.727 489.1368 [M+H]* -5.91 C,,H,,04; 6"-0-acetylcalycosin-7- 285.07687, 270.05234, AM
O-B-D-glucopyranoside 253.04935, 225.05499,
137.02361
64 12.804 431.1338 [M+H]* -0.95 C,,H,,04 Ononin 269.08118, 213.08931, AM
237.05499, 253.04909
64 12.818 475.1247 [M+FA-H]~ -1.39 C,,H,,04 Ononin 267.06595, 251.03471, AM
135.00726
65 12.804 269.0791 [M+H]* -8.49 C,H,,0, 7-hydroxy-3-(4-methoxy- 269.08142, 197.05923, AM
phenyl)-chromen-4-on 253.04932, 237.05521,
226.0591
65 12.818 267.0674 [M-H]~ -6.23 C,H,,0, 7-hydroxy-3-(4-methoxy- 252.04385, 223.04179, AM
phenyl)-chromen-4-on 195.04605, 251.03471,
132.02257
66 13.098 301.1057 [M+H]* -6.31 C,,H,O (-)-6Ar,11Ar-dihydro-3- 167.06935, 152.04739, AM
hydroxy-9,10-dimethoxy- 134.03592, 105.03297,
6H-benzofuro<3,2- 106.0416
C><1>-benzopyran
67 13.676 301.106 [M+H]* -5.31 Ci7H160¢ 2,4-dihydroxy-3,4- 167.07112, 134.03589, AM
dimethoxychalcone 152.04735, 105.03294,
106.04013
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
68" 13.676 463.1571 [M+H]*  -7.18 C,H,0,,  Methylnissolin-3- 167.07117, 301.10693, AM
O-glucoside 152.04565, 134.03593,
191.06966
69 13.676 167.07 [M+H]* -4.91  CgH,,0, a-acetylorcinol 78.04539, 77.03735, AM
105.02865, 106.03582,
134.0343
70 13.686 507.1522 [M+FA-H]" -3.84  C,;H,.0,, (6Ar,11Ar)-9,10- 299.09467, 269.04861, AM
dimethoxypterocarpan- 284.06934, 241.05037,
3-B-D-glucoside 507.15808
71> 13.819 509.1649  [M+FA-H]~ 1.97 Cy3H,604 Isomucronulatol 301.1088, 286.08459, AM
7-0O-glucoside 135.04466, 271.06082,
109.03046
72 14.058 463.1595 [M-H]” 2.00 Cy3Hy6010 (3R)-7,2'-dihydroxy-3',4'- 301.10919, 121.03019, AM
dimethoxyisoflavan- 286.08496, 135.04646,
7-0-B-D-glucoside 271.06348
72 14.063 482.2001 [M+NH,]* -5.23  C,;H,.0,, (3R)-7,2'-dihydroxy-3',4'- 167.06961, 123.04414, AM
dimethoxyisoflavan- 303.12402, 133.06383,
7-0-B-D-glucoside 161.05898
732 14266 285.0746  [M+H]* -5.96  C;¢H,,0 Calycosin 285.07648, 270.052, AM
213.0544, 253.04901,
225.0547
732 14266 283.0603 [M-H]- 1.24 Ci6H120s Calycosin 268.03766, 211.04071, AM
239.03696, 195.04593,
240.04349
74 1572 473.1434  [M+H]*  -291 C,H,0,,  6"-O-acetyl-7-(B-D- 269.08118, 254.05779, AM
glucopyranosyloxy)- 213.08931, 237.05283,
3-(4-methoxyphenyl) 253.04684
chromen-4-one
75 15790 991.5134  [M+FA-H]" -2.03 C,_H,O,,  (3B,60,16B,20R,245)-20,24- 945.51074, 991.52429, AM
epoxy-16-hydroxy-3-(B-D-  946.5174, 783.45966,
xylopyranosyloxy)-9,19- 89.02455
cyclolanostane-6,25-diyl
bis[B-D-glucopyranoside]
75 15.797 947.5188 [M+H]* -2.91 C47H75049 (3B,60,168,20R,24S)-20,24- 143.10579, 437.34149, AM
epoxy-16-hydroxy-3-(B-D-  455.35037, 947.5177,
xylopyranosyloxy)-9,19- 419.3306
cyclolanostane-6,25-diyl
bis[B-D-glucopyranoside]
76 16.309 301.1058 [M+H]* -5.98 Ci7H160¢ (-)-Naringenin 167.06947, 134.03439, AM
4',7-dimethyl ether 152.04576, 106.04023,
105.0316
77 16.559 829.4584 [M+FA-H]~ 0.20 Cy1Heg014 Isoastragaloside IV 783.46082, 829.46387, AM
161.04681, 101.02409
78 16.806 457.3654  [M+H]* —-6.06  C,,H,0, Ursolic acid 421.34647, 439.35599, CP
457.36679, 109.09957,
127.1095
79°  16.961 831.4748 [M+FA-H]" -0.70 C,H,0,,  Cyclocanthoside E 785.47174, 831.4762, AM
491.37457, 623.41815
80 17.020 859.4708 [M+FA-H]- -1.94 C4H70045 Cycloaraloside E 813.474, 859.47656, AM
651.41406, 161.04691
80 17.022 815.4767 [M+H]* =318 C4H70045 Cycloaraloside E 143.10596, 437.34198, AM
455.35086, 815.47998,
419.32819, 473.35938
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
81 17.315 329.2343  [M-H]- -4.56  CgH;,0, 5,6,9-trihydroxy- 211.1349, 329.23553, CP
octadec-7-enoic acid 229.14568, 171.10298,
183.13995
82b 17.401 991.5098 [M+FA-H]~ 1.60 C,7H75049 Astragaloside V 945.50763, 991.51666, AM
783.45673, 946.51855,
161.04498
83b 18.010 871.4667 [M+FA-H]~ 2.79 Cy3H50045 Astragaloside Il 825.47247,765.45331, AM
783.46143, 871.47253
84>b 18318 829.4597 [M+FA-H]- -1.37 Cy1Heg014 Astragaloside IV 829.46796, 783.46088, AM
179.05688, 89.02336,
119.03419
85 18.325 473.3584 [M+H]* -9.90 CyoH450, Choushenpilosulyne C 123.11601, 437.34207, CP
143.10597, 455.35095,
473.36249
86 18.43 301.1064  [M+H]* -3.99 C;;H,Oq 7-hydroxy-2'-methoxy-4',5- 167.06973, 152.04601, AM
methylenedioxyisoflavan 134.03461, 105.03321
87 18.507 473.361 [M+H]* -4.40  C,H,0, Dihydrocycloorbigenin A 143.1041, 437.3385, AM
123.11428, 125.09369,
455.34729
88° 18.507 829.4607 [M+FA-H]- -2.57 Cy1Heg014 Astragaloside IlI 783.45923, 829.47021, AM
161.04649, 101.02529,
489.35767
89 19577 911.504  [M-H]  -3.92 C,H,0O,,  Astragaloside Vill 911.51025, 893.49237, AM
205.07166, 615.39325,
163.06155
90 19.621 941.5126 [M-H]~ -1.70 CugH75014 Soyasaponin | 941.51917, 923.50861, AM
205.06972, 163.06161,
615.39349
90 19.672 943.5236  [M+H]* -3.23  C,gH,4044 Soyasaponin | 441.37225, 423.36148, AM
943.52722,599.39429,
797.46985
91 19.736  873.4797 [M+FA-H]~ 5.82 C,3H7,045 Agroastragaloside Il 873.48694, 59.01371, AM
767.45422
92 20.04 473.3611 [M+H]* -4.19 CyoH450, 3B,21a-dihydroxyolean- 143.10579, 437.34149, AM
12-ene-28-oic acid 123.11586, 455.35037,
125.09371
93> 20.591 915.4984  [M-H] -3.34  C,H,04 3-0-B [a-L- 915.50037, 869.49237, AM
arabinopyranosyl (1->2) 59.01362, 827.48022,
B-D-xylopyranosyl]-6- 809.47772
O-B-D-glucopyranosyl-
20(R),24(S)-epoxy-
3B,60,16B,25-
tetrahydroxycycloartane
94ab 20736 871.4714 [M+FA-H]~ -2.60 Cy3H70045 Isoastragalosides I 871.47644, 825.46429, AM
59.01355, 765.44946,
179.05612
95  20.752 473361  [M+H]*  -4.40  CyH,.0, Astragalene 123.11444, 437.34201, AM
143.10596, 125.09385,
141.12675
96 21.073  939.4927 [M-H]~ 2.82 CusH76044 Dehydrosoyasaponin | 939.49957, 921.49567, AM
163.06174, 205.07591,
613.37463
(continued)
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No Rt Mz Adduct ppm Formula Name MS/MS Source
97 21.384 915.497 [M-H]~ -1.81 CueH76015 3-0-[a-L- 915.50958, 869.49304, AM
arabinopyranosyl-(1->2)- 59.01366, 809.48236,
B-D-xylanopyranosyl]-6- 827.48895
O-B-D-glucopyranosyl-
3B,60,16B,240-
tetrahydroxy-20(R),25-
epoxycycloartane
9gb 21.456 871.4705 [M+FA-H]- -1.57 Cy3H70045 16-0-acetyl-20R,245S- 871.47742, 825.47327, AM
epoxycycloartan- 59.01361, 765.45032,
3Gammab,6a,16,25- 179.0563
tetraol
3-0-B-D-xylopyranoside
6-0-B-D-glucopyranoside
9gb 21.477 827.4728 [M+H]* -7.86 Cy3H,0045 16-0O-acetyl-20R,24S- 143.10574, 437.34137, AM
epoxycycloartan- 175.05865, 125.09525,
3Gammab,6a,168,25- 455.35025
tetraol
3-0-B-D-xylopyranoside
6-0-B-D-glucopyranoside
99°  21.507 231.138  [M+H]*  -2.18 C,H,0, Epi-curzerenone 77.03749, 105.06916, cP
91.05341, 128.06143,
163.07605
100> 22.342 913.4767 [M+FA-H]- 3.28 CysH.,046 Astragaloside | 913.49219, 867.48151, AM
b 59.01476, 825.46606,
807.46564
101 22.342 915.4899 [M+FA-H]- 5.95 CysH74046 Agroastragaloside | 915.49707, 869.49329, AM
59.01368, 827.47699,
914.49438
102 22.359 689.4241 [M+H]* -3.44  CyH. 04 6a-acetoxy-23a-ethoxy- 157.0484, 143.10567, AM
16B,23(R)-epoxy- 217.06918, 437.33817,
24,25,26,27-tetranor- 689.42773
9,19-cyclolanosta-3-0-[B-
D-(4'-trans-2-butenoyl)
xylopyranoside]
103> 23.032 913.4801 [M+FA-H]~ -0.44 CusH7,046 Isoastragaloside | 913.49487, 867.47998, AM
b 59.01466, 825.46869,
807.46027
103% 23.037 869.4901 [M+H]* 0.27 CysH.,04¢ Isoastragaloside | 143.1059, 217.06953, AM
b 139.03867, 157.04866,
199.05997
104 23.942 915.4902 [M-H]- 5.62 CueH-c044 3-0O-B-D-xylopyranosyl-6-  915.49835, 869.49048, AM
O-B-D-xylopyranosyl-25- 59.01457, 914.49988,
O-B-D-glucopyranosyl- 809.46393
(20R,24S)-epoxy-3B,6a,25-
tetrahydroxycycloartane
105 25.280 955.4918 [M-H]~ -1.61 Cu5H76019 3-0-a-L- 955.49377, 909.48663, AM

rhamnopyranosyl(1<*>2)-
B-D-
galactopyranosyl(1<*>2)-
B-D-glucuronopyranosyl
complogenin

59.01353, 867.4917,
161.04428

astandard comparison compound; “blood entry component; AM, Radix Astragali; CP, Radix Codonopsis pilosula.

C,,H,,0,. The secondary fragment ions detected are 267.06595,
251.03471, and 135.00726. Based on these data, compound 64 is
assumed to be Ononin, and its possible fragmentation pattern is

shown in Figure 4.

Alkyl polyglucosides and their fragmentation patterns

Alkyl polyglycosides primarily originate from Radix Codonop-
sis pilosula, including compounds such as Hexyl-B-getiobioside,
Lobetyolinin, Lobetyolin, and Cordifolioidyne B. For example,
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Fig. 2. Fragmentation pattern of Cycloaraloside E (Compound 80). m/z, mass-to-charge ratio.

the fragmentation pattern of compound 44 is analyzed. The RT for
compound 44 is 9.673 m. A [M+H]" peak with m/z of 471.2087 is
observed in positive ion mode, suggesting a molecular formula of

C,4H;,0,,. The secondary fragment ions detected are 425.20444,
263.15073, 101.02417, 161.04697, and 71.01411. Based on these
data, compound 44 is assumed to be Hexyl-p-getiobioside, and its
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possible fragmentation pattern is shown in Figure 5.

Organic acids and their fragmentation patterns

Organic acids primarily originate from both Radix Codonopsis pi-
losula and Radix Astragali, including compounds such as Maleic
acid, P-coumaric acid, Glucosyringic acid, and 4-caffeoylquinic
acid. For example, the fragmentation pattern of compound 28 is
analyzed. The RT for compound 28 is 5.342 m. A [M-H]™ peak
with m/z of 353.0867 is observed in the positive ion mode, sug-
gesting a molecular formula of C, ;H,,O,. The secondary fragment
ions detected are 191.05753, 179.0349, and 173.04358. Based on
these data, compound 28 is assumed to be 4-caffeoylquinic acid,
and its possible fragmentation pattern is shown in Figure 6.

Others

Other constituents include carbohydrates (e.g., Sucrose, B-D-
glucose) and amino acids (e.g., L-isoasparagine, D-proline, and
L-valine). These do not belong to secondary metabolites, so their
fragmentation patterns are not detailed.

Forty blood-absorbed components of SQ extract are identified

The UPLC-Triple-TOF/MS method is used to analyze the plasma
of rats in control and drug groups. Positive and negative total ion
chromatograms are obtained (Fig. 7a, b). A total of 40 prototype
compounds are identified (Table 1), including 10 terpenoids, six
flavonoids, two alkyl polyglucosides, five alkaloids, four organic
acids, and other compounds (Fig. 7c). Of these, 26 compounds are
isolated from Radix Astragali and 14 from Radix Codonopsis pi-
losula (Fig. 7d).

The average amount of compounds in the blood at different time
points is shown (Fig. 7¢). The contents of L-valine (Compound 6),
P-coumaric acid (Compound 11), and Ferulic acid (Compound 34)
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are the highest, indicating that organic and amino acids are im-
portant components of SQ extract. The relative contents of blood
compounds are calculated at different time points (Fig. 7f). Astra-
galosides, such as Astragaloside V (Compound 82), Astragaloside
II (Compound 83), Astragaloside IV (Compound 84), Isoastra-
galosides II (Compound 94), and Isoastragaloside I (Compound
103), are found to be more abundant in the blood within 5 m of
administration and less abundant after 15 m, with Astragaloside IV
being the most prevalent (Fig. 7e). Flavonoids (e.g., Compounds
36, 55, 56) enter the bloodstream in large quantities between 15
m and 30 m, while alkaloids (e.g., compounds 9, 13, 24) increase
significantly about 1 h after administration.

Discussion

UPLC-Triple-TOF/MS analysis reveals that the SQ extract contains
a variety of chemical components, including flavonoids, terpenoids,
alkaloids, alkyl polyglucosides, and organic acids. Several of these
compounds are consistent with previous studies on the SQ injec-
tion. 21322 Notably, classic constituents from the SQ formula, such as
Ononin, Adenosine, Codonopsine, Lobetyolin, Pratensein 7-O-glu-
copyranoside, Calycosin, Calycosin-7-O-f-D-glucopyranoside, 9,10-
dimethoxypterocarpane-3-O-3-D-glucopyranoside, Isomucronulatol
7-O-glucoside, and multiple Astragalosides, were detected. These
compounds are mainly flavonoids and terpenoids, among which
Calycosin-7-O-B-D-glucopyranoside, Lobetyolin, and several Astra-
galosides can be absorbed into the blood of rats. We also identified
several new components in the SQ formula, such as Lobetyolinin,
Cyclocanthoside E, and hexyl B-sophoroside, along with some al-
kaloids and organic acids. Alkaloids like Codonopsinol B and Co-
donopsinol C, as well as organic acids such as Ferulic acid and p-
Coumaric acid, were detected in rat blood. Moreover, the sources of
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tion occurring within 5 m post-administration. These include com-
pounds such as Astragaloside IV, Astragaloside V, and Astragalo-
side I1, which are also rapidly metabolized. Additionally, alkaloids,
organic acids, flavonoids, and alkyl polyglucosides were also de-
tected in the blood, including Codonopsinol C, Calycosin-7-O-f3-
D-glucopyranoside, and Lobetyolin. These compounds typically
appeared in the blood at 15 m post-administration, with some de-
tectable even 1 h after ingestion. Understanding the pharmacoki-
netic properties is crucial for identifying the effective components
of the SQ extract and optimizing their clinical efficacy.

The compounds that enter the blood are closely related to the
efficacy of the SQ formula in TCM and modern medicine (Supple-
mentary Table 1). As a traditional Qi-supplementing formula, SQ’s
blood-absorbed components enhance energy metabolism, regulate
immune responses, resist inflammatory damage and oxidative
stress, and promote cell regeneration or wound healing. For exam-
ple, Calycosin-7-O-B-D-glucoside attenuates palmitate-induced
lipid accumulation in hepatocytes through activation of the energy
metabolism pathway,?? Astragaloside II ameliorates mitochondrial
dysfunction in diabetic rats,>* Lobetyolin demonstrates protec-
tive effects against LPS-induced sepsis,?® and Cyclocanthoside E
stimulates growth in vitro and promotes wound healing in vivo.2°
In addition, the SQ formula helps enhance immune function and
promote tumor treatment. Specifically, Astragaloside IV has been
widely studied for its antitumor effects against colorectal,?’ lung
cancer,?® breast cancer,? and other cancers by promoting tumor
cell apoptosis, inhibiting cell proliferation, improving the tumor
immune microenvironment, and reducing chemotherapy resist-
ance.3%3! Additionally, several other compounds absorbed into the
blood also contribute to cancer treatment. Astragaloside II inhibits
autophagic flux and enhances the chemosensitivity of cisplatin in
human cancer cells,?? while Lobetyolin induces apoptosis in colon
cancer cells by inhibiting glutamine metabolism.??

Despite the comprehensive analysis of the chemical composi-
tion and blood-absorbed constituents of the SQ extract, several
limitations exist. First, the potential synergies among these com-
ponents remain to be elucidated. Second, the therapeutic effects
of the bioactive components in humans need validation through
clinical trials. It is crucial to conduct in-depth studies on the in-
teractions between these compounds and their impact on human
health. Third, our utilization of UPLC-Triple-TOF/MS may not
be sufficient. Significant progress has been made in the research
of plant/herbal-derived exosomes.?*-3% Plant exosomes are com-
plex biological samples containing proteins, lipids, nucleic ac-
ids, and other components.?337 Some existing studies have used
UPLC-MS/MS to detect lipids, proteins, and metabolites in ex-
osomes.>** Compared to UPLC-MS/MS, UPLC-Triple-TOF/
MS offers superior capabilities for qualitative and quantitative
measurements, enabling the identification of complex mixtures
and providing a more comprehensive analysis.*! In the future,
UPLC-Triple-TOF/MS may contribute to the multiple charac-
terizations of the chemical and biological compositions of herbal
medicine. Therefore, future studies should incorporate advanced
techniques, such as transcriptomics, metabolomics, and prot-
eomics,*?*5 to gain a deeper understanding of the mechanisms
of action of these bioactive compounds. This knowledge could
facilitate the development of more effective and targeted thera-
pies based on the SQ formula.

Conclusions

This study successfully elucidates the chemical constituents of the
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SQ extract and identifies the compounds that can be absorbed into
the bloodstream, offering new insights into their pharmacokinetics.
These absorption components are closely related to the therapeutic
effects of the SQ formula, especially in the fields of Qi supplemen-
tation and tumor treatment, which are key to both traditional and
modern applications of the SQ formula.

Importantly, this work also promotes the application of UPLC-
Triple-TOF/MS in the analysis of TCM compounds, showcasing
the advantages of mass spectrometry in unraveling complex herbal
formulations. We hope that our work encourages further explora-
tion of this technique and helps to expand its application in herbal
research.

In conclusion, this study enhances our understanding of the
chemical and biologically active ingredients of SQ, providing a
foundation for its continued use in TCM. Future research should
focus on elucidating the pharmacological activities of the identi-
fied compounds and investigating their potential synergistic ef-
fects within the formulation.
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