$ Journal of Carcinogenesis

(/‘\mk Covering Genesis to Therapeutics

https://carcinogenesis.com/

Amorphous Solid Dispersion of a-Mangosteen with PVP K30 Enhances Solubility
and Antiproliferative Activity against DU145 Prostate Cancer Cells

Deby Tristiyanti® Sriwidodo?, Arif Budiman?, Syarif Hamdani?®, Diki Prayugo Wibowo?

!Doctoral Program of Pharmacy, Faculty of Pharmacy, Padjadjaran University, Sumedang, Indonesia
2Department of Pharmaceutical, Faculty of Pharmacy, Universitas Padjadjaran, Sumedang, Indonesia
3Sekolah Tinggi Farmasi Indonesia, Bandung, Indonesia

Corespondence:

Deby Tristiyanti - Email: deby22002@mail.unpad.ac.id

ABSTRACT

Prostate cancer is one of the leading causes of cancer-related death in men worldwide. The natural compound a-Mangosteen
(AM), a xanthone derivative from the fruit rind of Garcinia mangostana L., is known to have strong anticancer activity.
However, its clinical use is still limited due to its very low water solubility and bioavailability. This study aims to compare
the antiproliferative activity of pure AM and amorphous solid dispersion (ASD-AM) against DU145 prostate cancer cells.
Amorphous solid dispersions were prepared using the carrier polymer polyvinylpyrrolidone (PVP) K30 via the solvent
evaporation method. Physicochemical characterization was performed using Powder X-Ray Diffraction (PXRD),
Differential Scanning Calorimetry (DSC), and Fourier-Transform Infrared Spectroscopy (FTIR). Cytotoxicity tests against
DU145 prostate cancer cells and normal Vero cells were performed using the MTT method to determine the ICso value and
selectivity index (SI). The results showed that ASD-AM had an ICso value of 22.19 pg/mL, which was lower than pure
AM (47.34 pg/mL), with Sl values of 1.99 and 2.15, respectively. The increased antiproliferative activity of ASD-AM is
associated with a change in physicochemical properties to an amorphous form, which enhances solubility and dissolution
rate.

Overall, the amorphous AM solid dispersion formulation has the potential to enhance its biological effectiveness as a
natural anticancer agent for the development of prostate cancer therapy.
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1. INTRODUCTION

Prostate cancer is one of the most common types of cancer affecting men and is a leading cause of cancer-related deaths
worldwide (Filippi & Chiaravalloti, 2023). Conventional therapies such as androgen ablation and chemotherapy often show
low effectiveness in advanced stages due to the development of hormone resistance (Berruti & Dalla Volta, 2017). This
condition underscores the need for an alternative approach that utilizes natural bioactive compounds with high effectiveness
and low toxicity.

One potential candidate is a-Mangosteen (AM), a xanthone derivative compound isolated from the fruit rind of Garcinia
mangostana L. Various studies have reported the biological activity of AM, including antioxidant, anti-inflammatory,
antibacterial, and anticancer properties (Kalick et al., 2022). AM is known to induce apoptosis in various types of cancer
cells, including prostate cancer, thru the activation of caspases and the mitochondrial pathway (Majdalawieh et al., 2024;
Dewi et al., 2024).

The main obstacle to the clinical use of AM is its very low water solubility, which is only about 2 pg/mL, resulting in
limited bioavailability (Budiman et al., 2022). One promising approach to address this is the formation of amorphous solid
dispersions (ASDs) using hydrophilic polymers such as PVP K30, which can improve solubility, dissolution rate, and
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physical stability (Dindigala et al., 2024; Qayyum et al., 2022).

This study aims to compare the antiproliferative activity between pure AM and amorphous solid dispersion form of a-
Mangosteen (ASD-AM) against DU145 prostate cancer cells, and to analyze the relationship between changes in
physicochemical properties and the resulting increase in biological activity.

2. MATERIALS AND METHODS

Materials

a-Mangosteen (= 98%) was obtained from Chengdu Biopurify Phytochemicals (Shincuan, China), while the PVP K30
polymer was obtained from Merck (Germany). Phosphate buffer, DMSO, MTT, and trypsin-EDTA were obtained from
Gibco (Thermo Fisher, USA). Prostate cancer cells DU145 and normal cells Vero were obtained from LIPI, Indonesia. All
chemicals used have an analytical purity level.

Preparation of Amorphous Solid Dispersions (ASDs).

ASD-AM was prepared by the solvent evaporation method. AM and PVP K30 were dissolved in methanol with drug-to-
polymer weight ratios of 1:1, 1:3, and 1:5, respectively. The solution mixture was then evaporated using a rotary evaporator
(Buchi Rotavapor-R) connected to a water bath (BM200, Yamato Scientific, Santa Clara, CA, USA) at 30 °C until the
solvent was completely evaporated. The resulting residue was dried at 30 °C for 72 hours in an oven until dry ASD-AM
powder was obtained.

Physicochemical Characterization

Powder X-Ray Diffraction (PXRD)

X-ray diffraction patterns were collected using a Bruker D8 Advance diffractometer (Siemens, Berlin, Germany) with
operating conditions of 40 kV and 40 mA, a Cu target with Ni filter, a scan rate of 1°/minute, and a 20 range between 10—
40°. The halo pattern without sharp diffraction peaks indicates the formation of an amorphous phase.

Differential Scanning Calorimetry (DSC)
DSC measurements were performed using a Shimadzu DSC-60 Plus (Kyoto, Japan). The sample (3-5 mg) was sealed in
an aluminum container and heated from 0 to 280 °C at a heating rate of 10 °C/min under a nitrogen flow of 20 mL/min.

Fourier-Transform Infrared Spectroscopy (FTIR)

FTIR spectra were obtained using a Shimadzu Prestige-21 (Kyoto, Japan). Each sample (1-2 mg) was mixed with 200—
250 mg of KBr, ground, and compressed into a pellet at a pressure of 60 psi. The spectrum was recorded in the wavenumber
range of 4000-400 cm™ to observe the functional group interactions between AM and PVP K30.

Solubility Test

The crystalline and amorphous solubility of AM was determined in 50 mM phosphate buffer (pH 7.4) at 37 °C. An excess
amount of sample was shaken for 48 hours, then filtered thru a 0.45 um membrane and analyzed using HPLC after dilution
with the mobile phase.

HPLC Analysis

Liquid chromatography analysis was performed using an Agilent HPLC system (Hewlett-Packard Strasse 8, Waldbronn,
Germany). Separation was performed on an Eclipse Plus C18 column (4.6 x 150 mm, 5 um) with a column temperature of
30 °C. The mobile phase consisted of a mixture of methanol:water (95:5, v/v), and detection was carried out at a wavelength
of 254 nm. The concentration range of the standard solutions is between 4-128 pg/mL.

Entrapment Efficiency (EE%0)

Entrapment efficiency is determined by dissolving each ASD-AM sample in methanol to obtain an AM concentration of
100 pg/mL. The solution was stirred for 30 minutes, filtered using a 0.45 pum membrane, diluted with acetonitrile, and
analyzed by HPLC.
Calculation formula:

o Measured concentration
EE(%) — ‘ 0 100
Theoretical concentration

In Vitro Dissolution Test
The dissolution test was performed using the paddle method. ASD powder containing an equivalent amount of 40 pg/mL
AM was dispersed in 500 mL of phosphate buffer (pH 7.4) at 37 °C and stirred at a speed of 150 rpm. Samples (5 mL)
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were taken at specific time points (1-150 minutes), filtered (0.45 um), diluted with acetonitrile, and analyzed by HPLC.

Storage Stability Test

The physical stability of ASD was tested for 30 days under two storage conditions: (a) 25 °C/0% RH in a desiccator with
silica gel, and (b) 25 °C/90% RH in a desiccator with saturated potassium nitrate. Changes in crystallinity after storage
were evaluated using PXRD.

Cancer Cell Inhibition Assay (MTT Assay)

The cytotoxic activity of AM and ASD-AM was evaluated using the MTT assay method against DU145 cells (prostate
cancer) and Vero cells (normal cells). Cells (3 x 10%/well) were cultured in a 24-well plate and incubated for 24 hours at
37 °C with an atmosphere of 5% CO.. The medium was replaced with fresh medium containing AM or ASD-AM at various
concentrations. After 48 hours of incubation, MTT (0.5 mg/mL) was added and incubated for 4 hours. The formazan
crystals formed were dissolved in 1000 pL of DMSO, and then the absorbance was read at a wavelength of 595 nm using
an ELISA reader. Cell viability was calculated as a percentage of the control, and the ICso value was determined from the
concentration-response curve.

3. RESULTS

Physicochemical Characterization

Analysis using PXRD showed that pure AM has sharp and well-defined diffraction peaks, indicating a crystalline form
with high structural order. In contrast, the amorphous solid dispersion of a-Mangosteen—PVP K30 exhibited a halo
pattern without sharp peaks at all ratios, indicating that AM had transformed into an amorphous form. This phase change
is important because the amorphous form has higher free energy and can potentially improve solubility and
bioavailability (Bhujbal et al., 2021).
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Figure 1. Diffractogram of AM and ASD AM-PVP K30

DSC analysis shows that pure AM has a sharp endothermic peak at around 177 °C, representing the typical melting point
of the crystalline form. In ASD AM-PVP K30, this endothermic peak no longer appears; only a baseline shift indicating
the glass transition (Tg) is visible. These results suggest that AM loses its crystalline structure and transforms into an
amorphous phase due to intermolecular interactions between AM and PVP K30 (Budiman et al., 2023).
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Figure 2. Thermograms of AM and ASD AM-PVP K30

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow ng. 280



The FTIR spectrum shows significant wavenumber shifts, especially in the carbonyl (C=0) and hydroxyl (O—H) bands,
indicating the presence of hydrogen bonds between AM and PVP K30. The shift of the carbonyl group from 1644 cm™ to
approximately 1676 cm™ and the hydroxyl group from 3420 cm™! to 3480 cm™ supports the occurrence of this interaction
(Wu et al., 2023).
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Figure 3. FTIR Spectra of AM and ASD AM-PVP K30

Entrapment Efficiency (EE%0)
The entrapment efficiency (EE%) values are in the high range, above 80%.

Table 1. Entrapment Efficiency/EE (%) AM and ASD AM-PVP K30

Sample EE (%)
ASD o Mangosteen-PVP 1:1 84.24 + 0.06
ASD o Mangosteen-PVP 1:3 87.50 £ 0.62
ASD o Mangosteen-PVP 1:5 88.74 £ 0.53

The ASD formulations of a-Mangosteen—PVP K30 at ratios of 1:1, 1:3, and 1:5 showed EE values of 84.24 + 0.06%, 87.50
+ 0.62%, and 88.74 + 0.53%, respectively. These results indicate that most of the AM molecules were successfully
entrapped within the polymer matrix, signifying that the ASD manufacturing process via the solvent evaporation method
was effective with strong interactions between the drug and the polymer (Rusdin et al., 2024).

Solubility and Dissolution

The solubility of pure AM is only 2.04 + 0.009 pg/mL, while ASD AM-PVP K30 (1:3 ratio) reaches 64.58 + 1.08 pg/mL,
an increase of approximately 30 times. Dissolution testing showed that over 85% of AM was released from ASD within
the first 20 minutes, compared to less than 10% from the pure form after 60 minutes. This increase is due to the interaction
of hydrogen bonds with PVP K30, which improves wettability and stabilizes supersaturated conditions (Tekade et al.,
2020).

Table 2. Solubility of AM and ASD in AM-PVP K30
Concentration

Sample (ug/mL) Solubility Increase
o Mangosteen 2,04 +0,009
ASD o Mangosteen-PVP K30 1:1 17,70+ 0,7269 10
ASD o Mangosteen-PVP K30 1:3 64,58 + 1,0783 30
ASD o Mangosteen-PVP K30 1:5 61,06 + 0,0598 30

The solubility test results showed that pure AM has very low solubility, only 2.04 £+ 0.009 pg/mL, confirming its nature as
a hydrophobic compound with limited water solubility. After being formulated into an amorphous solid dispersion (ASD)
system with PVP K30 polymer, solubility significantly increased.

At a ratio of 1:1, the solubility of AM reached 17.70 £ 0.7269 pg/mL, or approximately a 10-fold increase compared to its
pure form. A greater increase was observed at ratios of 1:3 and 1:5, with solubilities of 64.58 + 1.0783 pg/mL and 61.06 +
0.0598 pg/mL, respectively, indicating an approximately 30-fold increase compared to pure a-Mangosteen.
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This increase in solubility indicates strong intermolecular interactions between AM and PVP K30 thru hydrogen bonds,
which play a role in increasing wettability and forming stable supersaturated conditions during the dissolution process.
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Figure 4. Dissolution Rate of AM and ASD AM-PVP K30

The dissolution rate profile shows that pure AM is only slightly soluble and dissolves very slowly. Conversely, the entire
ASD formulation showed a significant increase in drug release rate. The 1:5 ratio formulation showed the highest release,
reaching a concentration of approximately 60—70 pg/mL in the first 20 minutes, indicating improved dissolution efficiency
due to the structural change to an amorphous form.

Stability at 0% RH and 90% RH

This stability test aims to evaluate whether the amorphous form of the solid dispersion system can maintain its stability
during storage or undergoes recrystallization. Under low humidity conditions (RH 0%), all ASD AM-PVP K30 (1:5)
samples showed a halo diffraction pattern without sharp crystalline peaks up to day 30, indicating that the amorphous AM
structure remained stable during dry storage. The polymer PVP K30 plays an important role in maintaining this stability
by forming hydrogen bonds with a-Mangosteen, which limits the mobility of drug molecules and inhibits the formation of
new crystal nuclei (Husan et al., 2025; Rusdin et al., 2024).

Conversely, under high humidity conditions (RH 90%), small changes in the diffraction pattern began to appear,
particularly at ratios of 1:1 and 1:3, where low-intensity crystal peaks emerged after 7 to 30 days of storage. This
phenomenon indicates partial recrystallization due to water vapor absorption by PVP K30, which increases molecular
mobility and reduces the stability of the amorphous phase.

The 1:5 ratio formulation still showed a consistent halo pattern up to day 30, indicating higher moisture stability. Increasing
the amount of polymer was proven to strengthen the intermolecular interactions between PVP K30 and a-Mangosteen, and
to form a dense solid matrix, thereby slowing down water vapor diffusion and preventing recrystallization. Based on these
results, the ASD AM-PVP K30 (1:5) formulation was selected as the most stable system and used for further
antiproliferative activity testing.

RH 0% 11 13 1:5

RH 90%

- 30 days 7 days 0 day

Figure 5 Stability of AM and ASD AM-PVP K30 at 0% and 90% RH
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Antiproliferative Activity

The MTT assay showed that both pure AM and ASD AM-PVP K30 (1:5) have the ability to inhibit the growth of DU145
prostate cancer cells in a dose-dependent manner. The ICso value for pure AM was 47.34 pg/mL, while ASD AM-PVP
K30 showed a lower value of 22.19 pg/mL, indicating an increase in cytotoxic potential against cancer cells.

Table 3. Results of antiproliferative activity tests (IC 50) of AM and ASD AM-PVP K30 on DU 145 prostate
cancer cells and normal Vero cells
Prostate Cancer Cells

Sampel (DU 145) R' Normal Cell (Vero) R' S|
IC 50 (ng/mL) IC 50 (ug/mL)
o Mangosteen 47,3415 0,9894 101,5714 0,9894 2,15
ASD o Mangosteen-
PVP K30 22,1867 0,9515 44,2367 0,9700 1,99

The ICso values against standard Vero cells were 101.57 ug/mL for pure AM and 44.24 pg/mL combination ASD AM—
PVP K30. The ASD formulation exhibited a minor reduction in the selectivity index (SI) from 2.15 to 1.99; however, its
enhanced antiproliferative efficacy indicates higher bioavailability and cellular penetration resulting from the transition
from crystalline to amorphous form.

The conversion of AM into an amorphous state enhances its solubility and dissolution rate, hence increasing the quantity
of drug molecules that can interact with cancer cell membranes. This behavior corresponds with the hypothesis that
amorphous forms possess elevated free energy and vapor pressure relative to crystalline forms, hence amplifying their
biological effects (Schittny et al., 2019).

The results demonstrate that the amorphization of AM within the PVP K30 matrix markedly improves its antiproliferative
efficacy, while maintaining a selective toxicity towards cancer cells over normal cells. The ASD AM-PVP K30 (1:5)
formulation, exhibiting an ideal equilibrium of efficacy and selectivity, was identified as the most promising contender for
the advancement of natural product-derived anticancer therapy.

4. DISCUSSION

This study illustrates that converting AM into an amorphous solid dispersion (ASD) with PVP K30 significantly improves
its solubility, dissolution rate, and antiproliferative efficacy against DU145 prostate cancer cells. The carrier polymer PVP
K30 effectively stabilises the amorphous form by forming hydrogen bonds with the hydroxyl and carbonyl groups of AM,
thereby inhibiting recrystallisation and preserving a supersaturated state during dissolution (Saluja et al., 2016 ; Rusdin et
al., 2024). PXRD and DSC investigations validated the amorphous transformation, whilst FTIR spectra corroborated the
chemical interactions that enhance stability and dissolving efficacy (Kulawik et al., 2025).

The solubility enhancement from 2.04 pg/mL in crystalline form to over 60 pg/mL in the ASD significantly elevated the
concentration of the drug available for cellular absorption, hence amplifying cytotoxicity. This outcome corresponds with
the idea that amorphous materials, having elevated free energy, facilitate increased molecule dispersion and solvation
(Budiman et al., 2023). The decrease of ICso from 47.34 pg/mL (pure AM) to 22.19 pg/mL (ASD AM PVP K30 1:5)
substantiates the direct correlation between enhanced solubility and biological efficacy. A minor reduction in the selectivity
index (SI) was noted; nevertheless, the values continue to fall within the permitted limits for natural anticancer drugs,
suggesting that enhanced solubility slightly increased exposure to normal cells without undermining selectivity (Rusdin et
al., 2024).

The enhanced antiproliferative action can be ascribed to the increased water solubility of AM and possibly augmented
membrane permeability due to PVP K30. Increased intracellular levels may potentiate apoptotic signalling pathways
associated with AM, including mitochondrial ROS production and caspase activation (Zafar et al., 2018). Subsequent
studies examining apoptosis or caspase tests would be beneficial to validate these cellular pathways and enhance the
relationship between physicochemical and biological results (Bhat et al., 2025).

Stability experiments indicated that the amorphous form maintained stability for 30 days in dry conditions but partially
recrystallised at elevated humidity (90% RH), especially in formulations with reduced polymer ratios. The 1:5 ratio
preserved amorphous stability more efficiently, indicating that sufficient polymer encapsulation restricts molecular
mobility and moisture-driven nucleation. This discovery underscores the essential function of polymer content in
maintaining physicochemical stability and dissolving efficacy during storage (Tizaoui et al., 2025).
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The elevated entrapment efficiency (>84%) in all formulations indicates superior compatibility between AM and PVP K30,
validating the efficacy of the solvent evaporation technique in integrating the medication into the polymer matrix
(Bhalodiya et al., 2021). The dissolution profiles indicated a polymer ratio-dependent impact, with increased PVP K30
concentrations resulting in accelerated and more comprehensive drug release. This observation corresponds with the
"spring and parachute™ paradigm, wherein the amorphous state facilitates fast supersaturation (spring), while the polymer
stabilises it (parachute) by inhibiting nucleation (Bhalodiya et al., 2021).

These findings collectively demonstrate that the AM-PVP K30 ASD successfully surmounts the compound's intrinsic
solubility limitations, resulting in improved biological efficacy. The optimisation of the drug-to-polymer ratio enhanced
solubility and dissolution while augmenting cytotoxic potency, thereby demonstrating a definitive structure—performance
relationship. This formulation establishes a robust basis for subsequent pharmacokinetic and bioavailability investigations
in animal models, essential for validating the in vivo therapeutic efficacy of the system (AL-Japairai et al., 2020).

This study emphasises a wider significance for poorly soluble natural compounds, in addition to AM. The effective
implementation of ASD technology illustrates how logical formulation strategies can connect phytochemical research with
pharmaceutical development. The integration of natural product pharmacology with contemporary solid dispersion
techniques is a viable strategy to improve the therapeutic potential of hydrophobic xanthones and polyphenols facing
analogous solubility issues (Rusdin et al., 2024).

5. CONCLUSION

The transformation of AM into an amorphous solid dispersion (ASD) form using PVP K30 successfully significantly
improved solubility and dissolution rate. These changes directly contribute to increased antiproliferative activity against
DU145 prostate cancer cells. Although there was a slight decrease in selectivity toward normal cells, ASD AM-PVP K30
shows great potential for development as a natural product-based chemotherapy candidate. Further in vivo studies and the
development of targeted formulations are recommended to support its clinical application.
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