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Abstract: Yupingfeng Granules, a classical and widely prescribed formula in traditional Chinese
medicine, is extensively employed in clinical practice for its well-documented immunomodulatory
and preventive activities. However, the highly complex chemical composition of this multi-herb
formula and the specific material basis responsible for its therapeutic effects in vivo remain inad-
equately characterized and systematically elucidated. Research on its pharmacokinetically critical
blood-entering components, which are indicative of systemic exposure and potential direct activity,
particularly under representative pathological conditions, remains notably scarce and insufficient.
This study therefore aims to systematically characterize the comprehensive chemical profile of

Yupingfeng Granules by employing advanced analytical techniques such as HPLC-MS. Furthermore,
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it seeks to comprehensively investigate and characterize its blood-entering components specifically
in cyclophosphamide-induced immunodeficient rat models, comparing them with normal physi-
ological conditions where applicable. The overarching objective is to identify, quantify, and shed
light on the formula’s potential active constituents that reach the systemic circulation. This work
is expected to provide a more solid and detailed scientific basis for a deeper, molecular-level
understanding of the pharmacodynamic mechanism of this important traditional Chinese medicine
preparation and to inform its future rational clinical application and quality control. An ultra per-
formance liquid chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF MS)
technology was used to identify the chemical composition of Yupingfeng Granules and the plasma-
entering components after administration to immunodeficient model rats. The prepared granule and
serum samples were analyzed using a Waters CORTECS UPLC C18 column (150 mmx2.1 mm, 1.6
wm) with gradient elution of 0.1% formic acid aqueous solution and acetonitrile as the mobile phases.
The flow rate was set at 0.3 mL/min, the column temperature was maintained at 35 C, and the
injection volume was 3 pL. Data were acquired in both positive and negative ion modes using an
electrospray ionization source. The identification of chemical constituents was performed by
comparing retention times, accurate relative molecular masses, and MS/MS fragment ions with those
of reference standards, along with reference to relevant literature. Through a systematic analysis
involving comparison of retention times, accurate molecular weights, and MS/MS fragment ions,
combined with cross-referencing against relevant literature and authenticated reference standards,
the chemical profile of Yupingfeng Granules and the bioactive components absorbed in vivo were
comprehensively characterized. The investigation successfully identified a total of 52 chemical
constituents in Yupingfeng Granules. Furthermore, 11 bioavailable components were detected in
rat plasma after administration. These compounds encompass a diverse range of chemical classes,
specifically including 11 flavonoids, 13 organic acids, 13 phenylpropanoids, 12 terpenoids, and 3
additional components categorized as aldehydes, nucleosides, and amino acids. This detailed
identification provides a thorough overview of the chemical composition of the granules and elu-
cidates the key constituents that are systemically absorbed. This study systematically analyzed the
blood-entering components of Yupingfeng Granules under immunodeficient pathological conditions.
This distinction is critically important, as the altered internal environment in a disease model may
significantly influence the absorption, metabolism, and distribution of herbal compounds. The
research not only clarifies the comprehensive chemical material basis of the formula in vitro by
establishing a detailed chromatographic fingerprint but also, more significantly, bridges the gap to
in vivo pharmacology by identifying which specific compounds from the complex mixture actually
enter the systemic circulation. By correlating the in vitro chemical profile with the in vivo exposure
data, the study effectively pinpoints a refined set of potential direct-acting substances that are most
likely to contribute to the observed therapeutic effects. Consequently, these findings provide crucial
experimental clues and a reliable analytical foundation for subsequent, more targeted research. This

includes in-depth investigations into efficacy correlation—Ilinking specific blood components to
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immunomodulatory activities—and the detailed exploration of its molecular mechanisms of action,

thereby significantly advancing the scientific understanding of this classic formula.

Keywords: Yupingfeng Granules; ultra performance liquid chromatography-quadrupole-time-of-

flight mass spectrometry (UPLC-Q-TOF MS); chemical constituents; bioavailable components
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Table 1 Identification of the chemical components of Yupingfeng Granules

. Measured Theoretical Measured Quasimolecu- Molecular Compound Origin
No. fp/min error, ) A Compound s
(m/z) (m/z) 1076 MS® (m/z) lar ion formula classification  plant
1 1.1877 133.0139 133.0142 -2.3 71.0133, [M-H]" malic acid C,HOq organic acids H
115.0031
2 1.2613 268.1040  268.1040 0 136.0613 [M+H]" adenosine C, H .N.O nucleoside H

1077137754
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Table 1 (Continued)
. Mass . .
. Measured Theoretical Measured Quasimolecu- Molecular Compound Origin
tp/min error/ ) A Compound s
(m/z) (m/z) 106 MS* (m/z) lar ion formula classification  plant

1.2632  191.0193 191.0197 -2.1 87.0082, [M-H]" citric acid C H,O, organic acids H
111.0079,
147.0283

2.3009 191.0559 191.0561 -1.0 72.9926, [M-H]" quinic acid C,H,,0, organic acids H
101.0604,
129.0561

2.3233 164.0717 164.0717 0 103.0546, [M-H] phenylalanine C,H, NO, amino acids H
147.0444

3.0859 353.0877  353.0878  -0.2  135.0451, [M-H] neochlorogenic acid”  C,H, 0, phenylpro- F
179.0347, panoids
191.0561

3.7984  137.0242 137.0244 -1.8 65.0397, [M-H]" 4-hydroxybenzoic C7H603 organic acids F
92.0255, acid”

3.8730 353.0879  353.0878 0.4 111.0458, [M+H]" chlorogenic acid” C,H,:0, phenylpro- F
173.0455, panoids
233.0471

4.0581 353.0879 353.0878 0.4 93.0343, [M-H]" cryptochlorogenic C,H Oy phenylpro- F
135.0446, acid ” panoids
173.0445

49179 121.0294 121.0295 -0.9 65.0384, [M-H]" 4-hydroxybenzalde- C,HO, aldehydes F
92.0262, hyde ”
121.0295

5.0602 461.1100  461.1089 2.3 135.0088, [M-H]" calycosin-7-O-38-D- C,,H,,0,, flavonoids H
284.0329, glucopyranoside
299.0564

5.1408 565.1556  565.1552 0.8 349.0695, [M+H]" schaftoside” C,H,,0,, flavonoids H
379.0826,
409.0933

5.3432  469.1684  469.1704 -4.3 189.0550, [M+H]" cimicifugoside” C,,H,,0,, phenylpro- F
261.1117, panoids
290.1146,
307.1161

5.5692  163.0400  163.0401 -0.7 93.0346, [M-H]J cis-4-coumaric acid C,H, O, organic acids F
119.0499

5.9047 447.1276  447.1286 -2.2 137.0238, [M+HCOO]" calycosin-7-O-8-D- C,,H,,0,, flavonoids H
253.0500, glucoside”
270.2520,
285.0744

6.1349  193.0506 193.0506 0 134.0294, [M-H]|~ ferulic acid” C,H,,0, organic acids F
149.0644,
178.0284

6.3221  193.0506 193.0506 0 134.0373 [M-H]" isoferulic acid” C,,H,,0, organic acids F

6.4586 307.1163  307.1176 -4.4 207.0657, [M+H]" cimifugin” C,H,,0( phenylpro-
235.0451, panoids
259.0597,
289.1072

6.6573  515.1204  515.1195 1.8 173.0448, [M-H] isochlorogenic acid B*  C,,;H,,0,, phenylpro- F
353.0913 panoids

6.9108 515.1212 515.1195 3.4 173.0448, [M-H]" isochlorogenic acid A" C,H,,0,, phenylpro- F

353.0913 panoids
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Table 1 (Continued)
ass
. Measured Theoretical Measured Quasimolecu- Molecular Compound Origin
No. fp/min or/ ) A Compound s
(m/z) (m/z) 106 MS* (m/z) lar ion formula classification  plant
21 6.9616 453.1736  453.1755 -4.3 231.0645, [M+H]" 5-0- C,,H,0,, phenylpro- F
273.1110, methylvisammioside” panoids
291.1213
22 7.4752 515.1203 515.1195 1.6 173.0458, [M-H]" isochlorogenic acid C" C,H,,0,, phenylpro- F
353.0884 panoids
23 7.5913  187.0969 187.0976 -3.5 69.0351, [M-H]I~ azelaic acid" C,H, 0, organic acids B
97.0656,
125.0965,
143.1081,
169.0861
24 7.7207 137.0242 137.0244 -1.3 65.0392, [M-H]" salicylic acid” C,H,O, organic acids F
93.0340
25 8.7877 431.1330  431.1337 -1.5 269.0797 [M+H]" ononin” C,,H,,0, flavonoids H
429.1239  429.1246 -1.3 252.0431, [M-H]~ C,,H,,0,
267.0652
26 9.1671 253.0508  253.0506 0.8 133.0307 [M-H]- daidzein” C,H,,0, flavonoids H
27 9.4936 291.1221 291.1227 -2.0 191.0709, [M+H]" 5-0- C,H, O phenylpro- F
205.0501, methylvisamminol” panoids
243.0654
28 9.7565 301.1070  301.1071 -0.3 106.0420, [M+H]" methylnissolin C,H,0, flavonoids H
152.0477,
167.0708
299.0929  299.0925 1.3 95.0128, [M-H]~ C,,H,,0,
213.0557,
284.0695,
269.0460
29 10.1593 285.0751 285.0757 -24 137.0237, [M+H]" calycosin C,H,,0; flavonoids H
213.0548,
270.0521
283.0605  283.0612 -24 135.0081, [M-H]" C,H,,0;
211.0398
30 10.2598 439.1597  439.1599 -0.3 217.0502, [M+H]" sec-0O- C, H,0, phenylpro- F
259.0969, glucosylhamaudol” panoids
277.1067
437.1453  437.1453 1.4 89.0254, [M-H]" C, H,0,,
152.9924,
257.0849
31 10.2659 463.1611 463.1610 0.3 286.0857, [M-H]" isomucronulatol 7-0-8  C,;H, 0/ flavonoids H
303.1086 -glucoside
32 11.9498 965.4222  965.4235 -1.4 803.3681 [M-H]J rebaudioside A C,,H;00,4 terpenoids
33 12.4319 217.0495  217.0495 0 146.0372, [M+H]" xanthotoxin” C,H,0, phenylpro- F
174.0313 panoids
34 12,5297 970.5073  970.5108 -3.6 970.5073 [M+Na]* astragaloside VI C,,H, 0, terpenoids H
991.5142  991.5119 2.3 9455112 [M+HCOO]" C,,H, O,
35 13.8331 275.0928 275.0925 1.1 275.0928 [M-H]" hamaudol” C,H,(Oq phenylpro- F
panoids
277.1071 277.1071 0 205.0500, [M+H]" C;H, 0,
259.0965
36 14.0854 255.0666  255.0663 1.1 91.0195, [M-H]" isoliquiritigenin C.H,0, flavonoids H
119.0500,

135.0099
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Table 1 (Continued)
. Mass . .
. Measured Theoretical Measured Quasimolecu- Molecular Compound Origin
No. fp/min error/ ) A Compound s
(m/z) (m/z) 106 MS?* (m/z) lar ion formula classification  plant
37 14.6109 267.0658 267.0663 -1.7 195.0454, [M-H]" formononetin” C,H,0, flavonoids H
223.0403,
252.0420
269.0805  269.0808  -1.3  181.0653,  [M+H]" C,H,,0,
197.0601,
253.0499
38 15.1842 299.0915  299.0914 0.5 211.0764, [M+H]" 5-hydroxy-7,8-dime- C,,H,,0; flavonoids H
256.0747, thoxyflavone
284.0690,
299.0922
39 154438 808.4538  808.4580  -52  808.4512 [M+Na]* astragaloside A C,HO, terpenoids H
829.4583  829.4591 -1.0 783.4541 [M+HCOO]" C,HO,
40 15.4438 808.4544 808.4580 -4.4 808.4544 [M+Na]” astragaloside 1" C, HiO,, terpenoids H
829.4583  829.4591  -1.0  783.4541 [M+HCOO]" c,H,0,
41 172110 850.4665  850.4685  -4.7  850.4665 [M+Na]* astragaloside I C,,H, 0, terpenoids H
871.4692  871.4697 -0.6 765.4470, [M+HCOO ]|~ C,H, 0
825.4681
42 17.9040 941.5117 941.5115 0.2 941.5142 [M-H]" soyasaponin Bb C,H; O g terpenoids H
43 19.3730 249.1485  249.1485 0 203.1441, [M+H]" atractylenolide " C,H,,0, terpenoids B
231.1386
44 21.3641 892.4748  892.4791 -4.8 892.4748 [M+Na]* astragaloside [~ C,sH,,0,4 terpenoids H
913.4800  913.4802 -0.3 867.4799 [M+HCOO]" C,H,,0,,
45 24.6322 233.1536  233.1536 0 91.0551, [M+H]" atractylenolide II * C,H,,0, terpenoids B
105.0703,
131.0861
46 26.2772 934.4858 934.4896 -4.1 934.4858 [M+Na]* acetytastragaloside C,,H,,0,, terpenoids H
955.4921 955.4908 1.3 955.4958 [M+HCOO |~ C,,H,0,
47 27.0786 231.1381 231.1380 0.6 55.0540, [M+H]" atractylenolide I” CH0, terpenoids B
94.0654,
149.0895
48 29.4004 297.2414  297.2424 -3.5 297.2414 [M-H]|" 13(R)- hydroxy-9Z, CH,,0, organic acids B
11E-octadecadienoic
acid
49 29.7256 277.2171 277.2173 -0.6 59.0130, [M-H]~ linolenic acid C,H,,0, organic acids B
120.0210
279.2319  279.2319 0 67.0544, [M+H]" C,H,,0,
81.0701
50 30.7576 279.2324 279.2330 -1.8 59.0138, [M-H]” linoleic acid C,H,,0, organic acids B
261.2232
281.2476  281.2475 0.4 55.0544, [M+H]" C,H,,0,
69.0701,
95.0859
51 31.9920 281.2488  281.2486 0.7 165.1281 [M-H]|~ oleic acid CH,,0, organic acids B
52 325003 291.1743  219.1743 0 291.1743 [M+H]" Selina-4(15),7(11) C,,H,,0 terpenoids B
-dien-8-one

# Confirmed by standard substance; H: Astragalus membranaceus (Fisch.) Bunge.; B: Atractylodes macrocephala Koidz.; F: Sa-

poshnikovia divaricata (Turcz.) Schischk.
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Table 2 Identification of the blood-entering components of Yupingfeng Granules
A Measured Theoretical Mass Measured Quasimo- Molecular Compound Origion
No. t,/min 6 . Compound L
(m/z) (m/z) error/10° MS (m/z) lecular ion formula classification plant
1 5.3432  469.1684 469.1704 -4.3 189.0550, [M+H]" cimicifugoside” C,,H,,0,, phenylpropanoids F
261.1117,
290.1146,
307.1161
2 6.4586 307.1163  307.1176 -4.4 207.0657, [M+H]" cimifugin® C,H,O0s phenylpropanoids F
235.0451,
259.0597,
289.1072
3 69616 453.1736  453.1755 -4.3 231.0645, [M+H]" 5-0- C,H,;0,, phenylpropanoids F
273.1110, methylvisammiosi
291.1213 de’
4 7.7207 137.0242 137.0244 -1.3 65.0392, [M-H]" salicylic acid’ C7H603 organic acids F
93.0340
5 9.1671 253.0508  253.0506 0.8 133.0307 [M-H]" daidzein” C,H,,0, flavonoids H
6 9.4936 291.1221  291.1227 -2.0 191.0709, [M+H]" 5-0- C,H,0, phenylpropanoids F
205.0501, methylvisamminol
243.0654
7 9.7565 301.1070  301.1071 -0.3 106.0420, [M+H]* methylnissolin C,,H,0, flavonoids H
152.0477,
167.0708
299.0929  299.0925 1.3 95.0128, [M-H]" C,H (O
213.0557,
284.0695,
269.0460
8 11.9498 965.4222  965.4235 -1.4 803.3681 [M-H]" rebaudioside A C,H,0,, terpenoids H
9 13.8331 275.0928  275.0925 1.1 275.0928 [M-H]" hamaudol” C,;H,(Oj phenylpropanoids F
277.1071 277.1071 0 205.0500, [M+H]" C,;H,(Oj
259.0965
10 14.6109 267.0658  267.0663 -1.7 195.0454, [M-H]" formononetin” C,H,0, flavonoids H
223.0403,
252.0420
269.0805  269.0808 -1.3 181.0653, [M+H]" C,H,,0,
197.0601,
253.0499
11 15.4438 808.4538  808.4580 -5.2 808.4512 [M+Na]* astragaloside A" C, HO,, terpenoids H
829.4583  829.4591 -1.0 783.4541 [M+ C, HiO,,
HCOO]"

2.3 ERFRXUBRLK 5 BUE R AT
2.3.1 OB KA A 4 AR AT

B 25 A0 A W 1 LA G5 4 Ry 22 i 0 JE T, H
Oy F s HA Cp-Co-C, Y 2R 1% 25 o 16
H AR R LA SRS AE R 1Y, R L 5 s A5
BT . RS A, R R )T C A K
A 0k R - B R R B (RDA) 28 i A e e 24
B R e BOKSE R E . R LTTRE Y
15 76 1F 3 F AT R B E 2 7 7 1 msz
447.127 6 [M+H ", #E Wy H 43 ¥ 20k C,H,,0,,, %%
JEi R E AR B TR S TR TR —
TR B RS A R m/z 285.074 4 () [M+H-Glu]",
ZE Tt — 2k & CH,, =4 m/z 270.252 0 [ [ M+

H-Glu-CH,]". tt4h, il it RDA 415 25 A 8 1
m/z 137.023 8,5 3CHK[ 13 ] Kkt JE GO0 L #E Wiz Ak

BV T S A AR T RE Y S R R

BILE 2a, &1 LE Y 25 76 B FRLCT R
I Sy T8 T gl m/z 429.123 9 [M-H ™, 7E —
2% 5 1% & P R A m/z 267.065 2 [M-H-C H,,0,] #l
m/z 252.043 1 [M-H-CH,,0,-CH, ] 1 ¥ I & ¥,
AT A R SR [ 14 ] ROt BE G B ST AR A
Yol tS AR AE T, T RE Y 0 24 A R 2 W R 2D
232 KEF £ b ik AT

RN ERMEYZE L C-C,(1 MRAE 3
A ELHE B T ) R SEAR 5 0 R Be i) R AR,
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