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Abstract
Combination therapy including anticancer drugs usually induces synergistic effects, especially in
combination with natural compounds as a chemical sensitizer. Nano-based drug delivery technology is
also effective in solving the toxicity of single drugs at high doses. In this study, we established a co-
delivery strategy for abemaciclib (ABE) combined with vitamin E succinate (VES) based on HA-modi�ed
calcium phosphate (CaP) nanomaterials to enhance anti-cancer effect. The nano-sized HA/CaP particles
(90 nm) have a hollow structure. Surprisingly, after modi�cation with HA, HA/CaP has more pH
sensitivity. CaP released 30% ABE and 91% VES at pH 7.4, whereas HA/CaP vsreleased 14% ABE and 32%
VES at the same pH. Cell experiments showed that HA/CaP/ABE-VES had stronger cell inhibitory effect
on MCF-7 compared with CaP/ABE-VES. This inorganic/organic composite for the co-delivery of ABE and
VES has obvious tumor inhibition effect, and is ideal for anti-tumor drug delivery.

1. Introduction
CDK 4/6 inhibitor abemaciclib (ABE) plays a central role in tumor formation, and has become an
important molecular target drug for the clinical treatment of breast cancer[1]. However, clinical data
shows that the objective remission rate of ABE is only 19.7%[2]. The anti-tumor effect of ABE still needs
to be improved by other strategies, such as combination therapy. A variety of cyclin D-related signaling
pathways (like estrogen epidermal growth factor receptor, phosphoinositide 3-kinase and NF-κB) have
great potential in combination with ABE [3, 4].The natural derivative of vitamin E, vitamin E succinate
(VES), has attracted people’s attention because of its synergistic anticancer activity[5, 6]. VES has been
reported to induce apoptosis of cancer cells by inhibiting the NF-κB[7, 8]. The combination of ABE and
VES has synergistic potential in the treatment of breast cancer.

Moreover, multimodal cancer therapy, which combines chemotherapy and multifunctional nanomaterials,
has remarkably improved the e�cacy of cancer therapy and may provide a better solution to overcome
the poor e�cacy of single chemotherapeutic agents[9, 10]. Calcium phosphate (CaP)-based nanocarrier
materials pH responsiveness as they can decompose under acidic conditions; thus, they have a wide
range of applications in the �eld of biological medicine, including transfection, gene silencing, drug
delivery, and biological imaging[11, 12]. The incorporation of Hyaluronic acid (HA) can make
nanoparticles (NPs) speci�cally bind to the CD44 receptor on the surface of CD44-overexpressed tumor
cell. The HA layer also could improve the stability of the nanocomposite, which signi�cantly enhance
cellular uptake[13, 14]. Based on this foundation, Xiong and colleagues reported HA-modi�ed NPs with
high drug loading e�ciency and pH-responsive drug release[15]. Min and colleagues prepared 3, 4-
dihydroxy-L-phenylalanine-coupled HA-stabilized CaP NP for the targeted delivery of siRNA to tumor
sites[16]. This gene delivery platform shows great potential for siRNA delivery and targeted cancer
therapy. But most of the researches on CaP and HA are focus on gene drug delivery and stagnate in
single-drug delivery[17, 18]. As a widely studied drug carrier, CaP and HA still have potential for further
application in drug co-delivery. More effective strategies for the treatment breast cancer need to be
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developed to solve the poor effect of ABE and improve the bene�ts of anticancer therapies without
attendant toxicity.

We expect that the HA/CaP system can load two drugs at the same time, which could fully use dual drug
synergy and nano-carrier drug delivery system. With this idea in mind, this study designed a HA-coated
and CaP-based drug delivery system for the controlled release of ABE and VES, to achieve the effective
controlled drug release of nano-carrier and a synergistic anti-cancer effect for breast cancer.

2. Materials And Method

2.1 Materials
Abemaciclib (FW = 506.59, purity ≥ 98%) was purchased from Shanghai Topbiochem Technology Co. Ltd.
(Shanghai, China),vitamin E succinate (FW = 530.78, purity ≥ 98%) and sodium hyaluronate (FW: 100–
200 kDa) were attained from Heowns (Tianjin, China). NaOH, phosphate buffer solution (PBS), disodium
hydrogen phosphate, calcium chloride, hydrochloric acid, methanol, acetic acid, and ammonium acetate
were obtained from Ke-Long Chemical Reagent Factory (Chengdu, China). Puri�ed water was used
throughout the experiment. All of the reagents and chemicals used in this study were of analytical or
chromatographic grade and used without further puri�cation.

2.2 Preparation of CaP and HA/CaP NPs
Cetyltrimethylammonium bromide (CTAB) was dissolved in 50 mL of water to a concentration of 1 mM.
The solution was stirred for 10 min at 500 rpm (room temperature) to obtain the CTAB micelle. The
mineralized micelles were prepared by the classical chemical precipitation method according to previous
literature reports [19, 20]. The details are as follows: Na2HPO4 (2 mL, 60 mM) was added drop dropwise
into the solution containing CTAB micelles at 500 rpm and 45°C After 0.5 h, 2 mL of 100 mM CaCl2 was
added into a 50 mL solution containing 1.2 mM Na2HPO4 and 1 mM CTAB under magnetic stirring (pH = 
10.0, pH was adjusted by 0.1 M ammonia solution) for 1 h. The temperature was kept at 45°C by water
bath. The suspension was aged at room temperature for 3 h, and the precipitate was washed with
puri�ed water three times. CaP product was obtained after 24 h of freeze-drying. The "one-pot " method
was used to prepare HA/CaP NPs. Sodium hyaluronate solution (2%, m/v) was added dropwise to the
CaP nanosphere suspension. The suspension was aged at room temperature for 3 h. The precipitate was
washed three times with puri�ed water and freeze-dried for 24 h to obtain the HA/CaP product.

2.3 Drug encapsulation experiment
ABE and VES were dissolved in ethanol then to CTAB micellar solution to obtain CaP/ABE-VES and
HA/CAP/ABE-VES. The quanti�cation of dual-drug was determined by high performance liquid
chromatography (Agilent 1200, USA). Before that, we tested the effect of blank carrier on drug absorption
using ultraviolet-visible spectrophotometry (Shimadzu, Japan). The detailed measurement of drug
content is as follows: NPs were dissolved in 0.1 M hydrochloric acid, dilute with methanol, and
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ultrasonicated for 10 min to destroy the structure of CaP/ABE-VES and HA/CaP/ABE-VES. After cooling to
room temperature, the NPs were �ltered with 0.22 µm micropores. Retention time and peak area were
recorded, and the contents of ABE and VES were calculated at 296 and 284 nm according to the
regression equation. The formulas for calculating the drug loading rate (DL) and encapsulation e�ciency
(EE) are as follows:

2.4 Characterization of CaP and HA/CaP NPs
Nicolet 6700 Fourier infrared spectrometer (Thermo Fisher Technology Co., Ltd., USA) was used to test
the prepared CaP, HA/CaP, CaP/ABE-VES, HA/CaP/ABE-VES, physical mixture (PM) and active
pharmaceutical ingredient (API) by KBr tablet method. The samples to be tested consist of 100 mg KBr
and 1 mg sample. The sample mixture was pressed into a sheet of about 1 mm, the wavenumber was set
between 4000 and 400 cm− 1, the resolution is 4 cm− 1, and the number of scans was 64 times.

The degrees of crystallinity were measured by X’Pert PRO diffractometer (PANalytical, Netherlands). The
test conditions were as follows: Cu Kα radiation, tube voltage was 40 kV, tube current was 40 mA, 2θ
range was set between 5 and 50°, anti-scatter slit was 1/4°, scattering slit was 1/8°, step size was
0.01313°( 2θ), and counting time was 30 ms/step.

A JSM-7500F scanning electron microscope (Olympus, Japan) and a JEM-2100 Plus transmission
electron microscope (JEOL, Japan) were used to observe the morphology of the prepared CaP and
HA/CaP NPs. The NPs for TEM characterization were dispersed in the aqueous solution, dropped onto a
copper mesh covered with a carbon �lm, air-dried, and placed in a detector for observation. The INCA X-
Max50 energy spectrometer equipped with SEM system was used for semi-quantitative elemental
analysis of CaP, HA/CaP, CaP/ABE-VES and HA/CaP/ABE-VES.

The prepared CaP and HA/CaP NPs were tested for hydrodynamic diameter and zeta potential using
ZEN3690 nanoparticle size potential analyzer (Malvern, UK) at 25°C. The sample was dispersed in
puri�ed water at a concentration of 0.1 mg/mL.

An automatic surface area and porosity analyzer (3H-2000PS2, Beishiide) was used to measure the N2

adsorption-desorption isotherm at 293.15 K. The Brunauer-Emmett-Teller (BET) method was used to
calculate the speci�c surface area at a relative pressure ranging from 0.05 to 0.95. Pore volume and pore
size distribution were obtained from the desorption curve of the isotherm using the Barrett-Joyner-
Halanda (BJH) method.
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Thermal analysis was performed on the TG 209F1 Iris thermogravimetric analyzer (NETZSCH, Germany)
with a heating rate of 10°C/min, a temperature setting range of 30–600°C, and a nitrogen �ow of 60
mL/min.

2.5 In vitro drug release
Drug release performance is one of the criteria whether a drug carrier can be practicallt used[21]. The
tumor microenvironment is weakly acidic, at a pH range within 4.5–6.5, whereas the pH of the blood is
about 7.4. We uses PBS with different pH values (pH = 4.5, 7.4) to simulate drug release in tumor and
normal tissues for 8 h and calculated the cumulative release rates of the two drugs.

PBS containing 0.2 mol/L KH2PO4 with pH = 4.5 was prepared, and PBS with pH = 7.4 was obtained by
adjusting the pH with 0.2 M NaOH. In order to increase the dissolution of poorly soluble drugs, 0.1%
Tween 80 was added to the PBS to obtain the required dissolution medium. The drug dissolution
experiment was carried out in a constant temperature shaker at 37°C and 200 rpm. Samples (1 mL) were
pipetted at 5 min, 10 min, 1 h, 4 h, and 8 h for test and 1 mL of fresh dissolution medium at the same
temperature was added to maintain the total volume of the release medium unchanged. The taken-out
solution was �ltered through a 0.22 µm microporous membrane. Cumulative release rate R (%) was
calculated. Each experiment was done in parallel three times, and take the average value.

where: Cn is the drug concentration of the sample to be tested for the n-th time (mg/mL); Ci is the drug
concentration of the dissolution medium at the i-th sampling; V0 is the total volume of the release
medium (mL); Vi is the sampling volume; m is the total mass (mg) of the drug contained in the sample.

2.6 In vitro cytotoxicity
Cell counting kit 8 (CCK8) assay was used to measure cell viability. Brie�y, 293T and MCF-7 cells were
added in the 96-well plates at 37°C with 5% CO2 for 24h. Free ABE and VES (100 µL) in Dulbecco’s
modi�ed Eagle medium (DMEM) and cell culture medium containing gradient concentrations of carriers
either with or without drug (6.25–200 µg/mL) were added to these cells after removing the old medium.
After 48 h, 10 µL of CCK8 solution was added to each well, incubated for 2 h, and placed in a microplate
reader (SoftMax Pro 7.1) to measure the optical density value at 450 nm. Cell inhibition rate was
calculated, and IBM SPSS Statistics 24 software was used to calculate the half maximal inhibitory
concentration (IC50). The formula for calculating cell inhibition rate is as follows:

3. Results And Discussion
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3.1 Preparation of blank and drug-loaded NPs
The UV spectra of ABE, VES, CaP and HA are shown in Fig. 1. CaP and HA/CaP have no UV absorption in
the range of 250–400 nm, indicating that blank carriers will not interfere with the content determination
of ABE and VES. The quantitative results showed that the drug loading rates and encapsulation rate of
ABE in the CaP/ABE-VES system were 4.02% and 20.11%, respectively, whereas those of VES were 14%
and 69.54%, respectively. The drug loading rate and encapsulation rate of ABE in the HA/CaP/ABE-VES
system were 3.65% and 18.24%, respectively, whereas those of VES were 16% and 78.79%, respectively.
The drug-loading effects of both systems were better on VES than ABE. This outcome may be helpful
because VES is harmless to normal cells as a chemical sensitizer; thus, it could reduce the dosage of ABE
and increase anti-cancer activity. This conclusion is veri�ed in the results of subsequent cell viability
experiments.

3.2 Shape, particle size, and zeta potential
CTAB micelles further formed to to CaP nanospheres with multivesicular structure and a particle size of
about 80 nm under the deposition and mineralization of phosphate and calcium salt (Fig. 2A). The
particle size of HA/CaP increased to 90 nm because of the presence of a 10 nm HA shell (Fig. 2B). The
SEM results show that CaP has a nano-sized spherical structure and uniform overall morphology.
HA/CaP is denser under SEM. This is because the negative charge carried by HA neutralizes the positive
charge on the surface of CaP, which weakens the repulsive force against agglomeration on the surface of
NPs. Particle size distribution curve (Figs. 2C and 2D) shows that the average hydrodynamic diameter of
CaP and HA/CaP measured by dynamic light scattering (DLS) is about 100 nm and 110 nm. The particle
size of the sample measured by the electron microscope is smaller than the value measured by the DLS
due to the shrinkage and the reduction during the external force of air drying. As shown in Fig. 2D, zeta
potential measurement shows that the surface charge of CaP is about 9.4 ± 0.80 mV, this indicates the
presence of Ca2+ on CaP surface. The surface potential of HA/CaP decreased to -4.3 ± 0.25 mV, indicating
that Ca2+ on the surface of CaP changed into carboxyl anion after HA covered on it, which con�rmed that
HA was successfully coated on the surface of CaP. Above results show that CaP with a spherical hollow
structure was successfully prepared and HA coats on the surface of CaP under electrostatic interaction.

3.3 Infrared analysis
Figures 3A and 3B shows the infrared spectra of blank and drug-loaded CaP and HA/CaP. The absorption
at 1036 cm− 1 is attributed to the stretching vibration of the P-O bond. The characteristic absorption at
604 cm− 1 and 566 cm− 1 is caused by the bending vibration of O-P-O. This indicates that CaP with a
hydroxyapatite structure was successfully prepared[22]. The absorption peaks of HA at 3423 cm− 1, 2923
cm− 1, and 1044 cm− 1 correspond to the stretching vibrations of its carboxyl, methylene and C-O groups,
respectively. Compared with CaP, the absorption of HA/CaP at 2923 cm− 1 is enhanced, as a result of the
presence of increased methylene groups in the HA molecule. Infrared spectroscopy analysis also
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con�rmed the presence of ABE and VES in drug carriers. The absorption band in the wavenumber range
of 1400–1600 cm− 1 is caused by the benzene ring vibration of ABE, and the double peaks in the
spectrum of PM at 1715 cm-1 and 1753 cm-1 correspond to the carbonyl absorption of ester and
carboxyl groups in VES. Those peaks appears in PM, but disappears in CaP/ABE-VES and HA/CaP/ABE-
VES, this phenomenon may be due to the in-situ loading effect of the nanomaterials on the drug, which
makes the drug molecules doped inside the material and causes peaks to weaken or disappear. The
infrared results con�rm that the prepared CaP is a calcium-de�cient hydroxyapatite, and the drugs are
encapsulated in the nanomaterials because of the in-situ drug-loading effect.

3.4 Crystallinity and element analysis
All of synthesized products showed hydroxyapatite-like characteristics in X-ray diffraction (XRD) analysis.
CaP has two characteristic peaks at 26° and 32°. It can be indexed as a calcium-de�cient hydroxyapatite
structure with poor crystallinity[23]. The poor crystallinity is attributed to the low reaction temperature
(40°C), which is consistent with reported literature, that is, CaP particles synthesized at low temperatures
often show low crystallinity, high solubility and large speci�c surface area[24]. This result is conducive
because a study on the resorption of biomaterials for hard tissue treatment showed that low-crystalline
CaP is more degradable than CaP synthesized by sintering or other methods[25]. Therefore, the
synthesized calcium-de�cient CaP nanomaterials may have better biocompatibility. Figures 3C and 3D
indicates that the drug is not simply mixed after being loaded in situ by CaP and HA/CaP. This result was
consistent with the infrared result. The characteristic diffraction peak of HA/CaP/ABE-VES at 26° is
weaker than that of blank HA/CaP. This may be due to the hydrogen bond between HA and the two drugs.
The hydrogen bonding between the drug and the carrier resulted in lower crystallinity[26]. Energy-
dispersive X-ray spectroscopy analysis showed a 1.5 Ca/P ratio, which further indicates that the
synthesized CaP is a kind of calcium-de�cient hydroxyapatite with poor crystallinity[27]. The C, O, and F
elements in HA/CaP/ABE-VES also increased, indicating that the incorporation of HA can increase the
drug loading of nanomaterials (Fig. S1).

3.5 Speci�c surface area and pore size distribution
As shown in Figs. 3E and 3F, the surface area of the CaP nanospheres is 123.90 m2 g− 1. CaP has a large
speci�c surface area, which is bene�cial to the adsorption and loading of small molecule drugs. The
surface area of CaP decreased to 89.94 m2 g− 1 after coating with HA, because some mesoporous
channels were covered by HA, resulting in a decrease in speci�c surface area. This phenomenon has also
been found in previous literature[28]. N2 adsorption curve of CaP shows that it has an obvious
mesoporous structure. Figure 3 shows that the pore size of CaP is approximately 31.78 nm. The pore size
distribution of HA/CaP is more uniform. After the addition of HA, pore size and pore volume were reduced
to 29.74 nm and 0.67 cm3 g− 1, respectively,. This decrease may be because the incorporation of
negatively charged HA makes the internal electrostatic force of mesoporous HA/CaP stronger, which
results in a more compact structure. This result is consistent with the conclusion of SEM.

3.6 Thermogravimetric (TG) analysis
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The thermal decomposition is shown in Fig. 4. The endothermic peak of ABE and VES appeared at 360°C
and 306°C, respectively. In the range of 150–350°C, CaP shows a weight loss of 4.04% at 333°C, which is
attributed to the decomposition of the CaP framework[29]. The derivative thermogravimetric (DTG) curve
of CaP/ABE-VES shows that the endothermic peak at 150–350°C becomes larger and the weight loss is
11.02%. This result is because of the overlap in the endothermic peaks of VES and CaP in this
temperature range. A weight loss of 2.26% appears at 406°C, which corresponds to the endothermic peak
of ABE in CaP/ABE-VES. The curve of HA/CaP/ABE-VES shows that the mass loss in this range is
26.59%, which is higher than that of CaP/ABE-VES. These results indicate that the HA/CaP system has a
higher drug loading capacity for VES than a single CaP system. The higher drug loading capacity of
HA/CaP may be due to the COO- group contained in the outer HA, which can provide more binding sites
and space for drug molecules. The drug molecule may bind to the C site of CaP through electrostatic
force, or be incorporated into the amorphous region of CaP through the Ca bridge action of the P site[30].
The thermal decomposition temperature of loaded drugs is higher compared with free drugs. This result
also shows that the prepared HA/CaP can improve the thermal stability of the loaded drug.

3.7 pH Sensitivity of CaP and HA/CaP NPs
The drug release kinetics of CaP may be controlled by acid-assisted dissolution [31]. In pH 7.4, about 30%
of ABE was released from CaP/ABE-VES after 8 h, which is higher than the 16% release of a single drug.
When the pH dropped to 4.5, the cumulative release of ABE from CaP/ABE-VES can increased to 98%
after 8 h but the release of a single drug at pH 4.5 is only 60%. In general, CaP makes the release of ABE
more complete at pH 4.5. About 90% of VES was released from CaP/ABE-VES in 8 h at pH 7.4, which is
similar to the 80% release of a single drug. The increased release of VES at pH 7.4 is due to the fact that
VES is a weakly acidic molecule, and alkaline condition can increase its solubility. When the pH dropped
to 4.5, the cumulative release of VES from CaP/ABE-VES can reach 100% after 8 h, whereas only 18% of
the single drug was released. Therefore, the pH sensitivity of CaP as a carrier is weak for the controlled
release of VES, that is, drug release can be achieved regardless of pH (4.5 or 7.4). Compared with the CaP
system, the HA/CaP system released less drugs under acidic conditions. Whereas HA/CaP released only
14% ABE and 32% VES at pH 7.4. This may be because the covering effect of the HA layer prevents the
dissolution of the drug. It is surprising that the incorporation of the HA layer greatly reduced the release of
ABE and VES at pH 7.4, that is, the HA/CaP/ABE-VES system has stronger pH responsiveness, can release
both drugs at pH 4.5, but few released at pH 7.4. Such release characteristics may weaken the damage of
the drug to normal human cells, while killing cancer cells.

3.8 In vitro cytotoxicity evaluation of CaP and HA/CaP
nanomaterials
The toxicity of the nanocarriers to normal cells and cancer cells were signi�cantly different (Fig. 6(a) and
Fig. 6(b)). When the concentration of CaP and HA/CaP was greater than 50 µg/mL, the proliferation of
MCF-7 was signi�cantly inhibited. Even the concentration reached up to 200 µg/mL, the viability of 293T
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cells was above 90% (p < 0.001). The results indicate that the prepared nanomaterials are more damaging
to cancer cells, other than normal cells, this is because the increase in calcium ions in the acidic
environment of the tumor results in cell death[32].

VES can inhibit the proliferation of a variety of cancer cell, including human neuroblastoma cells, prostate
cancer cells, promyelocytic cells, and breast cancer cells but is non-toxic to normal cell lines[33]. The
experimental results on the cytotoxicity of VES are consistent with these reports. In vitro cytotoxicity of
VES on 293T and MCF-7 cells are shown in Fig. 6(c). VES had no signi�cant inhibitory effect on 293T
cells at concentrations up to 200 µM. By contrast, MCF-7 cells was signi�cantly inhibited at the VES
concentration of 50 µM (p < 0.05).

The stronger inhibitory effect on MCF-7 may be due to the synergistic effect of the two drugs, which
strengthened the anti-tumor effect (Fig. 7(b) and Fig. 7(d)). HA/CaP still retained the Ca2+-mediated
inhibition of cancer cell proliferation after the dissolution of CaP in the acidic environment of the tumor.
On this basis, the surface coating of the HA layer might have further increased the endocytosis of
HA/CaP at low concentration, to enhance the inhibition of tumor cells at low concentration and
consequently reduce the damage to normal cells. The results indicated that the prepared HA/CaP/ABE-
VES utilizes unique pH responsiveness to effectively control the release of the drugs. This result is
consistent with the results of the in vitro release experiment described in the previous section. The
incorporation of HA endows HA/CaP/ABE-VES with stronger cytostatic effect on MCF-7 compared with
that without HA.

3.9 Synergistic effect
Table 1

Evaluation of combined index (CI) at IC50(ABE) in CaP/ABE-VES and HA/CaP/ABE-
VES system

Drug/Combo(µM) ABE VES PM-CaP Co-CaP PM-HA co-HA

IC50(ABE) 8.106 / 9.811 4.322 9.002 3.673

IC50(VES) / 484.767 34.339 15.127 40.509 16.529

CI value /   1.337 0.327 0.983 0.188

Combination index (CI) value was calculated using CompuSyn software. The curve of log (CI) value and
drug effect level (Fa) can clearly show the characteristics and extent of drug interaction[34]. Log (CI)
values of > 0, 0, and < 0 mean antagonism, superimposition, and synergy, respectively[35]. In this study,
the CI values of (PM) and CaP/ABE-VES on MCF-7 cell were compared. The CI value of HA/CaP/ABE-VES
is 0.188, which has a stronger synergy (++++) and is lower than that of CaP/ABE-VES (CI = 0.327). In the
CaP/ABE-VES and HA/CaP/ABE-VES group, all the log (CI) values in each corresponding Fa value are
lower than log (CI) = 0. The mixed cocktails almost exceed log (CI) = 0. These results indicate that the
synergistic effect of HA/CaP/ABE-VES and CaP/ABE-VES on MCF-7 cells is more remarkable than that of
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the cocktail mixture. In addition, HA/CaP/ABE-VES presents a more remarkable synergistic anti-tumor
effect than CaP/ABE-VES because of HA modi�cation.

4. Conclusion
In this study, a pH-sensitive dual-drug-loaded nanocomposite material was prepared. HA/CaP/ABE-VES
can effectively control the release of ABE and VES in acidic tumor environment. Notably, the incorporation
of HA greatly reduced the release of dual drug under normal tissue environment (pH 7.4), which solves
the problem of increased drug release caused by the high powderization of CaP. Moreover, even HA/CaP
concentrations as high as 200 µg/mL hardly affected the viability of normal cell; thus, HA/CaP has
excellent in vitro biocompatibility. In addition, the presence of the HA layer greatly reduced the release of
drugs in normal cell; therefore, making HA/CaP show weaker lethality to normal cell but maintains
toxicity to cancer cell. That is why HA/CaP/ABE-VES exhibits a stronger synergistic effect than CaP/ABE-
VES. The inorganic/organic composite material has better tumor selectivity and is more suitable for anti-
tumor drug delivery. This research established a new drug delivery strategy for breast cancer and provides
a new treatment choice (i.e., ABE) for tumor treatment.
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Figure 1
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Ultraviolet spectra of ABE, VES, CaP and HA/CaP

Figure 2

SEM image and TEM partial magni�cation of CaP (A) and HA/CaP (B); DLS particle size distribution of
CaP (C) and HA/CaP (D); Zeta potential diagram (D)
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Figure 3

Infrared spectra (A, B); XRD patterns (C, D); N2 adsorption-desorption isotherm and BJH desorption pore
size distribution curve of CaP (E) and HA/CaP (F)
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Figure 4

TG curves of single drug; blank and drug-loaded materials
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Figure 5

In vitro drug release curves; cumulative release percentage versus natural logarithm of time plot for drug-
loaded system
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Figure 6

Cytotoxicity of CaP (a) HA/CaP (b) and VES (c)
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Figure 7

Cell viability of CaP/ABE-VES, HA/CaP/ABE-VES, PM in 293T cells (a, c), and MCF-7 cells(b, d)
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Figure 8

Fa-Log (CI) Plot of CaP/ABE-VES(co-CaP) and HA/CaP/ABE-VES(co-HA)
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