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Abstract: This study systematically investigated the effects of Xihuang Pill on exosomes (Exo0) secretion and
how Exo pretreated with Xihuang Pill affect intercellular communication, thereby inhibiting the activity of triple-
negative breast cancer cells. First, the inhibitory affected of Xihuang Pill on the activity and migration of 4T1 and
MDA-MB-231 cells were verified using MTT, scratch assays, and crystal violet assays. Then, Exo and Exo
secreted by cells pretreated with Xihuang Pill (XHP-Exo) were obtained by ultracentrifugation. The Exo were
characterized by transmission electron microscopy, potential, particle size, and marker proteins. The inhibitory
effects of XHP-Exo on the activity and migration of 4T1 and MDA-MB-231 cells were detected using crystal
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violet and scratch assays. The expression of programmed death ligand 1 (PD-L1), glutathione peroxidase 4
(GPX4), reactive oxygen species (ROS), and reduced glutathione (GSH) in cells was detected by Western blot and
immunofluorescence. The chemical components of Xihuang Pill and XHP-Exo were analyzed by ultra-high
performance liquid chromatography-quadrupole-electrostatic field orbital trap mass spectrometry (UPLC-Q-
Exactive-MS/MS). The results showed that Xihuang Pill could significantly inhibit the proliferation and migration
of breast cancer cells, downregulate kidney and brain expressed adaptor protein (KIBRA) expression, and
effectively reduce the secretion of exosomes from breast cancer cells. Furthermore, XHP-Exo induced ferroptosis
in recipient tumor cells, characterized by increased intracellular ROS levels and decreased GSH content,
accompanied by downregulation of PD-L1 expression. Component analysis revealed 19 common active chemical
components in both Xihuang Pill and XHP-Exo. In summary, Xihuang Pill inhibits the secretion of exosomes from
breast cancer cells, and component-containing exosomes derived from it induce ferroptosis in recipient cells and
downregulate PD-L1 expression.
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Figure 1 In vitro antitumor effect of Xihuang Pill (XHP). A: Effect of different concentrations of XHP on 4T1 cell proliferation; B: Effect
of different concentrations of XHP on MDA-MB-231 cell proliferation; C: Effect of different concentrations of XHP on MCF-10A cell

0

proliferation; D: Crystal violet staining of 4T1 cell proliferation by different concentrations of XHP; E: Crystal violet staining of MDA-MB-

231 cell proliferation by different concentrations of XHP; F: Quantification of migration rate on graph H; G: Quantification of migration rate

on graph I; H: Effect of different concentrations of XHP on 24 h migration of 4T1 cells; I: Effect of different concentrations of XHP on 24 h

migration of MDA-MB-231 cells. n=3,x+5s. P <0.01,"

"P<0.001
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Figure 2 XHP inhibit exosome secretion. A, B: Effects and quantification of different concentrations of XHP on kidney and brain

expressed adaptor protein (KIBRA) expression; C, D: Effects and quantification of different exosomes on KIBRA protein expression; E:

Transmission electron micrograph of exosomes (scale bar: 100 nm); F: Exo particle size map; G: Exo potential map; H: XHP-Exo particle

size map; I: XHP-Exo potential map; J: Expression of cluster of
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proteins in exosomes. n =3, x+s. P <0.05, "P<0.01,
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Figure 3  In vitro antitumor effect of XHP-Exo. A, E: Migration and quantification of MDA-MB-231 cells by different exosomes over

differentiation 63 (CD63) and tumor susceptibility gene 101 (TSG101)
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24 h; B, F: Migration and quantification of 4T1 cells by different exosomes over 24 h; C: Crystal violet staining of different exosome

treatments after co-culturing MDA-MB-231 cells and Jurat cells; D: Crystal violet staining of different exosome treatments after

co-culturing 4T1 cells and T cells. n=3,x 5. 'P<0.05, "P<0.01
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Table 1 Chemical composition of XHP analyzed by UPLC-Q-Exactive-MS/MS

No. Compound name Rt/min Formula Ion mode  Theoretical value Measured value  Deviation (ppm)
1 Acetyl-11-keto-beta-boswellic acid 34.38 C,,H,0O M+H 513.3574 511.3429 1.609 7
2 Bilirubin 36.2094 C,,H,N,O, M-H 583.266 5 583.256 4 1.524 5
3 Cholic acid 17.8152 C,H,O; M+H 513.357 4 426.321 6 0.5272
4 Lactose 0.8943 C,H,0, M+H 513.357 4 343.123 0 0.691 2
5 a-Boswellic acid 39.72 C,,H,O, M+H 513.357 4 4553533 1.523 1
6 [-Boswellic acid 37.41 C,,H,0, M+H 513.357 4 455.353 4 1.5231
7 184-Glycyrrhetintic acid 26.06 C,H,0, M+H 471.346 8 469.331 8 -0.381 4
8 Methionine 19.44 CH, NO,S M-H 150.058 3 147.028 8 9.788 5
9 Glycohyodeoxycholic acid 20.07 C,H,;NO; M-H 448.306 3 448.306 8 1.1200
11 Nicotinamide 0.73 CHN,O M+H 123.055 2 123.055 6 3.0397
12 L-Leucine 1.13 CH ,NO, M+H 132.101 9 132.102 1 1.758 7
13 7,8-Dihydroxycoumarin 5.69 C,HO, M+H 179.033 8 179.034 0 0.5953
14 Ethyl 3,4-dihydroxybenzoate 9.61 CH, 0, M+H 183.065 1 183.065 4 1.6427
15 Dihydroartemisinic acid 24.83 C,H,,0, M-+H 237.184 9 237.1850 0.562 1
16 Cholic acid 18.87 C,,H,0; M+H 4263214 426.3216 0.5272
17 Tauroursodeoxycholic acid 18.11 C,H,NOS M-+H 513.3574 500.306 5 49541
18 Glycocholic acid 16.87 C,H,,NO, M+H 513.3574 466.317 2 2.1042
19 Corilagin 6.61 C,H,,0, M-H 633.073 3 633.073 3 0.038 3
20 Chlorogenic acid 5.25 C,H,0, M-H 353.087 8 353.087 8 0.1419
21 (+)-Magnoflorine 7.32 C,H, NO, M+H 342.169 9 342.170 2 0.8112
22 5-Hydroxymethylfurfural 1.67 CHO, M+H 127.038 9 127.039 2 2.469 7
23 Linderalactone 18.39 CH,0, M+H 513.357 4 245117 4 0.801 1
24 Linderane 19.6 CH,0, M+H 513.3574 261.1123 0.747 5
25 L-Nicotine 0.97 C, H.N, M+H 513.3574 163.123 1 1.064 7
26 Taurine 0.88 C,HNO,S M+H 513.3574 126.022 2 2.6202
27 Arglabin 18.48 CHO, M+H 247.132 8 247.133 0 0.816 9
28 Methyl hexadecanoate 23.53 C H,,0, M+H 315.254 0 315.2542 0.416 8
29 Nardosinone 18.76 CH,,0, M+H 251.164 1 251.164 4 0.969 2
30 Naringenin chalcone 13.93 C;H,,0; M-+H 273.0757 273.076 0 0.986 1
31 Steviol 21.79 C,H,,0, M+H 319.226 7 319.226 9 0.4015
32 4-Methoxyphenylacetic acid 3.96 C,H,,0, M+H 167.070 2 167.070 4 0.893 7
33 Aristolone 21.7 C;H,,0 M+H 219.174 3 219.174 4 0.449 3
34 L-Phenylalanine 1.57 C,H, NO, M+H 166.086 2 166.086 4 1.2737
35 Pyrogallol 1.34 CHO, M+H 127.038 9 127.039 3 2.5898
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Figure 4 Base peak intensity (BPI) chromatography of XHP. A:
BPI chromatography of XHP in positive ion mode; B: BPI
chromatography of XHP in negative ion mode; C: BPI
chromatography of XHP-Exo in positive ion mode; D: BPI

chromatography of XHP-Exo in negative ion mode
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Table 2 Chemical composition of XHP-Exo analyzed by UPLC-Q-Exactive-MS/MS

No. Compound name Rt/min Formula Ion mode  Theoretical value Measured value  Deviation (ppm)
1 18-Glycyrrhetintic acid 26.8 C,H,0, M+H 515.337 8 515.338 5 1.459 2
2 Arglabin 18.4 CH,O, M-H 245.118 3 245.118 1 -0.8229
3 Asiatic acid 20.61 C,,H,O;4 M-H 175.038 9 176.039 2 0.742 2
4 Acetyl-11-keto-beta-boswellic acid 332 C,,H,Oq M-H 511.3429 511.3432 0.707 3
5 f-Elemonic acid 34.12 C,,H,0, M-H 453.3374 453.3378 0.836 1
6 Cholic acid 19.33 C,H,0 M-H 407.280 3 407.280 4 02345
7 Corilagin 6.61 C,,H,,0, M-H 633.073 3 633.074 8 23521
8 Citric acid 0.98 CH,0, M-H 191.019 7 191.018 8 -4.4753
9 Corosolic acid 26.31 C,,H,0, M-H 471.3479 471.3479 -0.039 4
10 Dihydroartemisinic acid 2491 C,H,,0, M+H 237.184 9 237.184 9 0.111 8
11 Glabrolide 27.84 C,,H,,0, M-H 467.316 6 467.316 8 0.263 1
12 L-Tryptophan 3.73 C,H N0, M-H 203.082 6 203.081 8 -3.7022
13 L-Leucine 0.97 C.H;NO, M+H 132.101 9 132.1019 03726
14 Linderane 19.61 C,H0, M+H 261.112 1 261.112 0 -0.538 0
15 Methyl hexadecanoate 23.5 C,H,,0, M+H 315.254 0 315.254 1 03201
16 Nardosinone 18.75 C,H,,0, M-H 249.149 6 249.149 5 -0.336 6
17 Naringenin chalcone 14.14 CH,,0q M-H 271.061 2 271.061 3 0.630 3
18 Steviol 21.86 C,,H,,0, M-H 317.2122 317.2120 -0.675 8
19 4-Hydroxybenzoic acid 3.33 C.HO, M+H 139.038 9 139.038 9 0.116 5
20 4-Methoxyphenylacetic acid 3.98 CH, 0, M+H 167.070 2 167.070 2 -0.293 6
21 Aristolone 21.7 CH,,0 M+H 219.174 3 219.174 5 0.797 4
22 p-Elemonic acid 34.09 C,,H,0, M+H 4553519 4553515 -0.9619
23 Betaine 0.64 C,H, NO, M+H 118.086 2 118.086 5 2.0499
24 Cafestol 21.77 C,,H,0, M+H 317.211'1 317.210 8 -0.960 1
25 L-Leucine 0.97 CH,,NO, M+H 132.101 9 132.1019 0.3726
26 Nicotinamide 0.77 CHN,0 M+H 123.055 2 123.055 5 2.1718
27 Pyrogallol 1.29 CH.O, M+H 127.038 9 127.039 2 1.989 2
28 5-Hydroxymethylfurfural 1.6 CH.O, M+H 127.038 9 127.039 1 1.088 4




)

3028 - 2554k Acta Pharmaceutica Sinica 2026, 61(8): 3021-3030

A B 154 —  C D 60 . E 50~ I
B
Control Exo XHP-Exo s T o {[.‘ & o 45
=) a X X 45
GPX4| —— — |~20kDa % 1.0 2 ¢ ;404 ] _I_
< o 5 407
PD-LI | — — |~50 kDa = = z z
k> 4 X 0.5 - £ 201 2
oy = — 35
GAPDH| — — —|~36 kDa O 5
0.0- O'ﬁ—é— 30—
N O O
&@\ 6\9«2'@9 . o‘@ Q)-\;zsg;\- . &,\o < Qfé‘v
S
(@) ,_‘:2‘ 9 A‘., (@) ,_‘:2'
K Control Exo XHP-Exo G Control H
411 -
, & 150 ns
= = KKk
S g X
S ou
= = 5100{ g™
10um _; 3k 3k
>
) = 3
-
N ; ©va 50_
A a —
G} = 5
|®)]
O_
= o
& = \@\Qj“ @&’\ é’\
: g S
b 43 {(;,Ve
&
.;\.

Figure 5 Effects of XHP-Exo on programmed cell death ligand 1 (PD-L1) expression and ferroptosis in breast cancer cells. A-C: Effects
and quantitative analysis of different exosomes on glutathione peroxidase 4 (GPX4) and PD-L1 protein expression in MDA-MB-231 cells;
D, F: Effects of different exosomes on GPX4 protein expression in 4T1 cells and fluorescence intensity analysis (scale bar: 10 um; 100%); E,
G: Effects of different exosomes on PD-L1 protein expression in 4T1 cells and fluorescence intensity analysis (scale bar: 10 pm; 100x); H:
The inhibitory effect of ferroptosis inhibitors on XHP-Exo induced cytotoxicity in MDA-MB-231 cells. n =3, x = 5. 'P < 0.05, "P < 0.01,
P <0.001
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Figure 6 Detection of ferroptosis-related markers. A, B, E, F: Effects and quantitative analysis of different exosomes on reactive oxygen
species (ROS) expression in MDA-MB-231 cells (A, E, scale bar: 100 um; 100x) and 4T1 cells (B, F, scale bar: 100 pm; 400x); C, D, G, H:
Effects and quantitative analysis of different exosomes on JC-1 levels in MDA-MB-231 cells (C, G, scale bar: 100 um; 200x) and 4T1 cells
(D, H, scale bar: 100 pm; 100x); I: Glutathione (GSH) expression in the supernatant of MDA-MB-231 cells after treatment with different
exosomes; J, K: Biochemical detection results of Fe’* (J) and malondialdehyde (MDA, K) levels in MDA-MB-231 cells after different
treatments. n=3,x +s. ‘P <0.05,""P<0.001
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