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Self-assembly performance of triterpene natural small molecules
and their application in synergistic antitumor chemotherapy
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Abstract: Natural biocompatible nanomaterials such as self-assembled triterpene natural small molecule
products with favorable anticancer activity show great potential for biomedical application. However, the mechanisms
of their molecular self-assembled structures have not been investigated systematically, while there are still few
reports of the natural active carrier for drug delivery. Herein, in this work, we further explored the molecular assembly
mechanism and common regularity of tetracyclic triterpenes ergosterol, stigmasterol as well as pentacyclic
triterpenes glycyrrhetinic acid and ursolic acid, which suggested that the coplanarity and orderliness of molecular
arrangements which are speculated to be responsible for their self-assembly into the spherical, rod-like or lamellar
nanostructure. Besides, ergosterol (ET) with better anticancer activity was chosen as a representative substance for
construction of the synergistic antitumor nanodrug. By intermolecular hydrogen bonding and z-= stacking, chemo-
therapeutic drug paclitaxel (PTX) was encapsulated into ET-PTX NPs successfully. Then, the anti-cancer efficacy
of the tumor-bearing mice was evaluated according to the protocol approved by the Experimental Animal Research
Center of Harbin Medical University. The resulting nanodrug exhibited excellent biosafety and enhanced in vivo
anticancer activity efficiency of 52.3%, higher than free PTX (29.4%) or ET NPs (32.5%) alone, further verifying
the potential medical application value of triterpene natural products. This work provides not only a theoretical
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basis for exploring the self-assembly behavior of small molecule natural products, but also a promising perspective
for the fabrication of active natural biocompatible nanodrug delivery systems for synergistic antitumor therapy and

other biomedical applications.
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Morphology Clavate Rod Lamellar Sphere
Diameter /nm by SEM 92% 158 118X593 2324909 125 19
Diameter /nm by DLS 210 £ 12 755 £ 54 - 162 + 8.5
Polydispersity (PDI) 0.17 0.32 0.58 0.11
Zeta potential /mV -0.96 34 -19.4 -12.7

Figure 1 SEM images (magnify x20K, x50K) of tricyclic triterpenes ergosterol (ET), stigmasterol (ST) and pentacyclic triterpenes glycyr-

rhetinic acid (GA), ursolic acid (UA) self-assembled nanomaterials (A). Characterization of the corresponding small molecule self-assem-

blies (B)
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Figure 2 Structures of ET (A) and ST (E) self-assemblies obtained by molecular dynamics (MD) simulation for 5 ns with a simplified

model containing twelve ET or ST molecules and 1 400 H,0 molecules using Materials Studio 2019 (MS) software. The line and stick mod-

els were separately used for the H,0 and ET or ST molecules. Possible molecular arrangement in ET (B) or ST (F) self-assemblies. Intermo-

lecular -z stacking and water bridge H-bond information in ET self-assemblies (C, D) and ST self-assemblies (G, H)
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Figure 3  Structures of GA (A) and UA (D) self-assemblies obtained by molecular dynamics (MD) simulation for 5 ns with a simplified

model containing twelve ET or ST molecules and 1 400 H,O molecules. The line and stick models were separately used for the H,O and GA

or UA molecules. Possible molecular arrangement in GA (B) or UA (E) self-assemblies. Intermolecular water bridge H-bond information in

GA self-assemblies (C) and ST self-assemblies (F)
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Figure 4 Fabrication and characterization of ergosterol-paclitaxel nanoparticles (ET-PTX NPs). A: The drug loading (DL) and encapsula-

tion efficiency (EE) of PTX in ET-PTX NPs obtained at different input ratio of PTX to ET; B: The corresponding SEM images of ET-PTX
NPs at different concentrations of PTX from 40% to 5%, as well as SEM image (magnify x50K) of ET-PTX NPs at 30% PTX input; C: Size

distribution of ET-PTX NPs prepared at 30% PTX input, measured by dynamic light scattering (DLS); D: FT-IR spectra of free PTX, ET

self-assemblies and ET-PTX NPs; E: Size and zeta potential change of ET-PTX NPs over time in phosphate buffered saline (PBS) solutions
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Figure 5 MD simulation and analyses of ET-PTX NPs. A: Structures of ET-PTX NPs after MD simulation for 5 ns using sixteen ET mole-
cules and one PTX molecule as a structural unit; B: The intermolecular hydrogen bond information among ET and PTX viewed from top
and front field, as well as corresponding detailed molecular structural diagram; C: Uv-vis absorption of ET NPs and ET-PTX NPs in water,
as well as free PTX in methanol, respectively; D: The molecular arrangement configuration of ET in ET-PTX NPs
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In vitro PTX release profiles from ET-PTX NPs in PBS (pH 7.4, 6.5) containing Tween 80 (0.5 %, v/v) at 37 °C (n =

Fraction affected
3,x+ s) (A).

Cellular internalization of 4T1 cells after incubation with FITC-labelled ET-PTX NPs for 5 min, 30 min, and 3 h, imaged under fluorescent
inverted microscope (scale bar: 20 um) (B). Cell viability of 4T1 cells (C and D), MCF-7 cells (E and F) treated with PTX, ET NPs, and ET-
PTX NPs at different equivalent PTX concentrations for 24 or 48 h. n = 6, X + s. The 1C,, value of ET-PTX NPs against 4T1 and MCF-7
cells at 24 or 48 h (G). The combination index of PTX combined ET on 4T1 and MCF-7 cells after incubation for 24 and 48 h, respectively,

calculated by Chou-Talalay theorem (H)
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In vivo anticancer efficacy and biosafety evaluation of ET-PTX NPs. A: The tumor growth curves after different treatments; B:

The excised tumors weight and corresponding tumor inhibition after 22 days of treatment in the indicated groups; C: The representative

mice-bearing 4T1 tumor after various treatments at day 0 and 22; D: Body-weight of tumor-bearing mice during the treatment; E and F:
Complete blood panel analysis after 22 days of treatment including white blood cells (WBC), red blood cells (RBC), hemoglobin (HGB),

hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC), and platelet (PLT). n =5, x +s. "P < 0.05, "P < 0.01, ""P < 0.001
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