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Construction of an oral traditional Chinese medicine delivery system
with hybridized carriers of astragalus polysaccharides and its
antitumor application
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Abstract: In this study, we employed astragalus polysaccharides (APS), derived from the traditional Chinese
medicine Astragalus, as a natural carrier, and curcumol (CUL), a hydrophobic component with antitumor activity
in the traditional Chinese medicine Curcuma longa, as a model drug, to construct a drug-loaded integrated
nanoimmune drug delivery system, CUL@AHNP, and systematically evaluate its in vitro properties, oral absorption
properties, and antitumor immune activity. The CUL@AHNP was prepared by high-pressure homogenization,
resulting in a particle size of approximately 116.4 nm. It exhibited a spherical structure, a negatively charged
surface, and good dispersion and stability. /n vitro experiments demonstrated that CUL@AHNP could significantly
enhance the inhibitory effect of CUL on breast cancer 4T1 cells and effectively induce immunogenic cell death
(ICD) and activate anti-tumor immune responses. Assays measuring cellular uptake and tumor sphere penetration
verified the sub stance's excellent transmembrane transport and tissue penetration ability. /n vivo studies
demonstrated that the oral administration of CUL@AHNP led to a substantial inhibition of tumor growth and an
enhancement in the infiltration density of CD8  and CD4 T cells. The combination of CUL@AHNP and the
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chemotherapeutic drug doxorubicin (DOX) exhibited a certain degree of synergistic antitumor effect, without

causing significant liver or kidney toxicity. All animal experiments had been approved by the Experimental Animal

Ethics Committee of Tianjin University of Traditional Chinese Medicine (No. 2023114). In conclusion, this study

constructed an oral nanoimmune drug delivery system based on astragalus polysaccharides, which provides a safer

and more efficient therapeutic option for the treatment of breast cancer with traditional Chinese medicine.
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Figure 1 Schematic diagram of AHNP. GMS: Glycerol monostearate; HA: Hyaluronic acid; HGS: Hyaluronic acid-glycerol monostearate;

HNP: Hyaluronic acid nanoparticles; APS: Astragalus polysaccharide; AHNP: APS-HGS hybrid nanoparticles
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Table 1 Particle size, polymer dispersity index (PDI) and zeta
potential of preparations. CUL: Curcumol; CUL@A HNP: 7.5 mg
APS; CUL@A,HNP: 15 mg APS; CUL@A,HNP: 30 mg APS.

n=3,x*s

Preparation  Particle size/nm PDI Zeta potential/mV
CUL@HNP 12444123  0.293+0.019 -31.9+0.9
CUL@A HNP  1228+9.5 0.301 £ 0.031 -29.1+0.7
CUL@A HNP 1164+ 1.8 0.311 +£0.029 -288+2.5
CUL@A,HNP 1283 +8.1 0.385+0.113 -28.8+2.3
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Figure 2 Characterization of preparation particle size and morphology. A: Particle size distribution and transmission electron microscope
(TEM) images of CUL@HNP and CUL@AHNP. Scale bar = 100 nm; B: Energy spectrum analysis of CUL@A, HNP. Scale bar = 50 nm
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Figure 3  Stability assessment of CUL@HNP and CUL@AHNP. A: Storage stability in 4 °C; B: Stability in simulated gastric fluid (SGF);

C: Stability in simulated intestinal fluid (SIF); D: In vitro release of CUL from CUL solution and nanoparticles. n =3, x s
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Figure 4 Cytotoxicity and clone formation inhibition of CUL@AHNP on breast cancer cells. A-F:

Toxic effects on 4T1 cells; G, H: Effects

on clone formation of 4T1 cells. n=3,x 5. P < 0.001 vs control group



R4 3 10 20 A P B 1 R o 2473 24 4 3% 0 ) s o L A0 A e 2 - 1825 -

A B
© 50
c6 S
g 40
g
C6@HNP 35 30
S
2 20
C6@A, HNP Ed
£ 10
e
C6@AHNP 3
C6@AHNP
oy Ty Ty Ty
10 100 108 10° 107
C D
§ 50
Ll = 40
(=5
=
C6@HNP 330
&
02)20
C6@AHNP S
@A, 2 o
o
5
C6@A,HNP ~ 0
C6@AHNP
Ty T vy Ly |
100 100 108 10° 107
F Control CUL
CRT
HMGBI1

CUL+APS

50 pm

Figure 5 Cellular uptake, tumorsphere penetration, and ICD induction of nanoparticles. A, B: Uptake of CO@AHNP in 4T1 cells after 2 h;
C, D: Uptake of C6@AHNP in 4T1 cells after 4 h. n =3, x £ 5. "P < 0.05, ""P < 0.001; E: Penetration ability of C6@AHNP in 3D 4T1

tumorspheres; F: Immunofluorescence detection of CRT exposure and HMGBI release in 4T1 cells. ICD: Immunogenic cell death; CRT:

Calreticulin; HMGB1: High mobility group box protein 1
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Figure 6 [n vivo assessment of anti-tumor effect of CUL@AHNP. A: Schematic diagram of drug administration in mice; B: Tumor volume

growth curves and body weight change curves of mice; C: Comparison of tumor end mass in different treatment groups. n =5, x+s. P <

0.01, ns: Indicates P > 0.05; D: Physical drawings of tumor tissues removed from mice. n = 5; E: Hematoxylin and eosin (H&E) staining and

immunohistochemistry of tumor tissues
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Figure 7 CUL@AHNP enhances T cell mediated immune response and induces ICD effect in vivo. A: Flow cytogram of CD8* and CD4*

T cells in tumor tissues; B: Proportion of CD8* T cells quantitative analysis; C: Quantitative analysis of the proportion of CD4* T cells. n =5,

Xx+s. "P<0.05 " P<0.01; D: Immunofluorescence analysis of CRT and HMGBI in tumor tissue sections
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