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Abstract: This study developed hyaluronic acid (HA)-modified, ginsenoside Rg,-loaded hollow mesoporous
MnO 2 nanoparticles (HMR@HA) and evaluated their characterization, in vitro release, and anti-triple-negative
breast cancer efficacy. Hollow mesoporous MnO- nanoparticles (HM) were synthesized by template method. HMR
nanoparticles were prepared by loading ginsenoside Rg,, and then targeted HMR@HA system was constructed

through HA modification. Laser particle size analysis, transmission electron microscopy (TEM), and Fourier
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transform infrared spectroscopy (FTIR) were used to characterize the samples. High-performance liquid

chromatography (HPLC) quantified Rg, loading capacity and assessed HMR@HA's in vitro release profile. We

evaluated the uptake capacity of 4T1 cells for nanoparticles and the in vitro antitumor activity of nanoparticles. The

experimental results indicate that the optimal preparation parameters are: the mass ratio of drug to carrier of 5.1,
the stirring time of 12 h, and the drug concentration of 10 mg-mL"'. The obtained HMR@HA exhibits the uniform
hollow structure with a particle size of 216.3 = 1.3 nm and the loading capacity is (42.42 + 2.55)%. The release
curve shows pH dependence, and the cumulative release gradually increases as the pH decreases. The results
showed that HMR@HA was efficiently taken up by 4T1 cells and significantly inhibited the proliferation and

migration of cancer cells. Active oxygen and mitochondrial membrane potential detection showed that HMR@HA

can promote tumor cell apoptosis. HMR@HA has a high drug loading capacity and pH-sensitive drug release

properties. Compared with ginsenoside Rg,, it significantly enhances antitumor activity and induces apoptosis,

providing an effective treatment strategy for triple-negative breast cancer.
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Table 1 Orthogonal experimental design table

Factor
Level Stirring time/h Drug concentration Drug-to-carrier
(A) /mg-mL" (B) ratio (C)
1 8 5 101
10 10 201
3 12 15 501
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kRS WE K HM.HMR .HMR@HA &%
Y00 LE A Y, A E S B T R 4B (transmission
electron microscope, TEM) 1+ HM.HMR .HMR@HA
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FT-IR) 547«

AN 78 KSR I HMR & T 808, it
B pH 7.4 F15.5 (154 1% Tween 80 [ R 2 22 b ik
(PBS) £ NB AR, €37 °C+ 100 r-min” 2k 1H i
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R, P<0.05 257 BHF 40 X

Z#HR
1 HIg5FRIE
1.1 ASEHRgHA=WNE

HM Xt AN Z 21 Re, 1IN E o520, BB A 7%
JE M R AF (B 1A); [FIH R Y = 3.641 3X - 6.730 8
(R*=0.999 2), ZEEVE Fl: 100~1 000 pg-mL", &% %
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CHHZE P <0.05 BA%FMEZER, FUILHE &L S|
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Figure 1

Concentration of ginsenoside Rgy/pg-mL"!

Specificity investigation and standard curve construction of ginsenoside Rg,. A: High-performance liquid chromatography

(HPLC) chromatograms of ginsenoside Rg, (a), HMR (b), and HM (c); B: Calibration curve of ginsenoside Rg,. HMR: Gin-senoside Rg,-

loaded hollow mesoporous MnO: nanoparticles; HM: hollow mesoporous MnO-

Table 2

loading capacity

The result of the orthogonal experiment. DL: Drug

Factor

No. A B C D (empty) DL/%
1 1 1 1 1 8.68
2 1 2 3 2 41.18
3 1 3 2 3 27.88
4 2 1 3 3 24.53
5 2 2 2 1 25.09
6 2 3 1 2 17.81
7 3 1 2 2 23.66
8 3 2 1 3 19.03
9 3 3 3 1 48.28
K1 77.74 56.87 45.52 82.05
K2 67.43 85.30 76.63 82.65
K3 90.97 93.97 113.99 71.44
k1 2591 18.96 15.17 27.35
k2 22.48 28.43 25.54 27.55
k3 30.32 31.32 38.00 23.81
R 7.85 12.37 22.82 3.74
Table 3 The result of the analysis of variance. SS: Sum of

square; DF: Degrees of freedom. *P < 0.05

Factor SS DF F P
A 92.829 2 3.502 0.222
B 251.094 2 9.471 0.095
C 783.527 2 29.555 0.033*
D (empty) 26.511 2
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~17.4+3.47.-26.1 £ 6.73 mV (& 2A).
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FIEH (B30).
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FA AL EEATI 008 24 h )5, RIS S 8H A H
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Figure 2 Characterization of nanoparticles. A: Particle size and zeta potential of HM, HMR, and HMR@HA; B: Transmission electron
microscopy (TEM) images of HM (a), HMR (b), and HMR@HA (c); C: Fourier transform infrared spectrometer (FT-IR) spectra of HM,
ginsenoside Rg,, HMR and HMR@HA,; Scale bar = 100 nm; D: In vitro release profile of HMR under different pH conditions. HA:
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Figure 3 Cell efficacy experiment. A: Vector safety evaluation; B: Fluorescence intensity of control group (a), IR780 (b), and HM-
IR780@HA (c); C: Effects of ginsenoside Rg,, HMR, and HMR@HA on the migration of 4T1 cells; D: Effects of ginsenoside Rg,, HMR

and HMR@HA on the viability of 4T1 cells. n =3, x+s. P <0.001
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