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ABSTRACT:

Background: Cisplatin is an effective chemotherapeutic agent; however, its clinical application is limited by
poor aqueous solubility, low cellular uptake, and suboptimal biopharmaceutical performance. Nanocrystal
technology offers a promising strategy to overcome these limitations by enhancing dissolution and intracellular
drug delivery.

Objective: This study aimed to develop optimized cisplatin nanocrystals and evaluate their physicochemical
characteristics, in vitro cytotoxicity, and anticancer efficacy against human colorectal (HT-29) and breast (MCF-
7) cancer cell lines.

Methods: Cisplatin nanocrystals were prepared by anti-solvent precipitation followed by high-pressure
homogenization and optimized using a Quality by Design (QbD) approach. The optimized formulation was
characterized for particle size, polydispersity index (PDI), zeta potential, crystallinity, thermal behavior, drug
content, entrapment efficiency, and HPLC profile. Cytotoxicity was evaluated by MTT assay, and ICso values
were determined using nonlinear regression analysis.

Results: The optimized nanocrystals exhibited a mean particle size of 160 nm, PDI of 0.21, and zeta potential
ranging from —45 to —50 mV, indicating a uniform and stable nanosystem. Drug content and entrapment
efficiency were 98.2 + 1.1% and 89.7 + 1.4%, respectively. XRD and DSC analyses demonstrated partial
amorphization without compromising thermal stability. The nanocrystals showed significantly greater
cytotoxicity than pure cisplatin in both HT-29 and MCEF-7 cells. At 40 ug/mL, cell viability decreased to 25.7 +
1.9% in HT-29 cells and 28.6 = 1.8% in MCF-7 cells, compared with 38.3 + 2.2% and 40.2 + 2.1%,
respectively, for pure cisplatin. Moreover, the optimized formulation reduced the ICso values from 18.5 + 1.2 to
12.5£ 0.9 pg/mL in HT-29 cells and from 22.0 £ 1.4 to 15.0 + 1.1 pg/mL in MCF-7 cells.

Conclusion: The optimized cisplatin nanocrystals significantly enhanced physicochemical properties and in
vitro anticancer activity compared with the pure drug, demonstrating their potential as an effective nanocarrier
platform for improving the therapeutic performance of poorly soluble anticancer agents.

KEYWORDS: Cisplatin, Nanocrystals, Quality by Design (QbD), Anticancer Drug Delivery, Cellular
Internalization, MTT Assay, Cytotoxicity, HT-29 Cells, MCF-7 Cells

INTRODUCTION:

Cancer remains one of the leading causes of morbidity and mortality worldwide despite significant advances in
diagnosis and treatment.! Chemotherapy continues to play a central role in the management of both solid and
hematological malignancies however, its clinical effectiveness is often limited by poor drug selectivity, systemic
toxicity, inadequate intracellular drug accumulation, and the development of multidrug resistance.? These
limitations reduce therapeutic efficacy and necessitate the development of advanced drug delivery strategies
capable of improving drug distribution and enhancing tumor-specific activity.

Cisplatin is a platinum-based chemotherapeutic agent extensively used for the treatment of colorectal, breast,
lung, ovarian, and several other solid tumors because of its ability to induce DNA crosslinking and apoptosis in
rapidly dividing cancer cells. Although cisplatin exhibits broad-spectrum anticancer activity, its therapeutic
potential is compromised by poor aqueous solubility, limited cellular uptake, dose-dependent toxicity, and
variable intracellular drug availability.® Consequently, improving the delivery efficiency of cisplatin while
maintaining its pharmacological activity remains an important objective in anticancer drug development.
Nanocrystal technology has emerged as an effective formulation approach for improving the performance of
poorly water-soluble drugs. Drug nanocrystals are composed almost entirely of pure drug particles stabilized by
suitable surfactants or polymers, enabling a substantial reduction in particle size without altering the chemical
structure of the active pharmaceutical ingredient.* The nanoscale dimensions increase the surface area available
for dissolution, improve aqueous dispersibility, and enhance drug diffusion across biological membranes. These
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physicochemical advantages may also promote greater cellular internalization and intracellular drug
accumulation, thereby improving therapeutic efficacy.’

Several studies have demonstrated that nanosized drug delivery systems can enhance the anticancer activity of
conventional chemotherapeutic agents by increasing drug uptake into tumor cells and improving drug retention
at the target site. Enhanced intracellular delivery facilitates greater interaction of cytotoxic drugs with their
molecular targets, resulting in improved inhibition of cancer cell proliferation. Consequently, nanocrystal-based
formulations have attracted considerable attention as a promising platform for enhancing the therapeutic
performance of poorly soluble anticancer drugs while potentially reducing the dose required to achieve effective
treatment.®

In our previous investigation, cisplatin nanocrystals were successfully developed and optimized using a Quality
by Design (QbD)-based formulation strategy. The optimized formulation exhibited favorable physicochemical
characteristics, including nanoscale particle size, narrow particle size distribution, excellent colloidal stability,
high drug loading, and efficient drug incorporation, demonstrating its suitability for further biological
evaluation. However, optimization of formulation characteristics alone does not establish therapeutic
superiority. Comprehensive biological assessment is required to determine whether these physicochemical
improvements translate into enhanced anticancer activity at the cellular level’

Therefore, the present study focuses on evaluating the biological performance of the optimized cisplatin
nanocrystals using human colorectal adenocarcinoma (HT-29) and human breast adenocarcinoma (MCF-7) cell
lines. Particular emphasis was placed on comparing the cytotoxic response of the optimized nanocrystals with
that of pure cisplatin through concentration-dependent MTT cell viability studies and determination of half-
maximal inhibitory concentration (ICso) values. These parameters provide important evidence regarding the
ability of the optimized nanocrystals to enhance intracellular drug availability and improve antiproliferative
activity.®

The findings of this study are expected to provide further evidence that nanocrystal engineering can significantly
improve the biological performance of conventional chemotherapeutic agents. By integrating optimized
physicochemical properties with enhanced in vitro anticancer efficacy, the developed cisplatin nanocrystals may
represent a promising platform for improving cancer chemotherapy and may support future investigations
involving cellular internalization mechanisms, pharmacokinetic evaluation, and in vivo anticancer studies.

MATERIALS AND METHODS:

MATERIALS:

Cisplatin (purity >99%) was received as a gift sample from Balaji Drugs Pvt. Ltd., Surat, Gujarat, India.
Polyvinylpyrrolidone K30 (PVP K30), Hydroxypropyl Methylcellulose (HPMC), Poloxamer 188, Tween 80,
methanol, ethanol, dimethyl sulfoxide (DMSO), potassium bromide (KBr), phosphate-buffered saline (PBS),
and other analytical-grade reagents were procured from HiMedia Laboratories Pvt. Ltd., Mumbai, India.
Dulbecco's Modified Eagle Medium (DMEM), RPMI-1640 medium, fetal bovine serum (FBS), penicillin—
streptomycin solution, trypsin—EDTA, phosphate-buffered saline (PBS), and MTT reagent (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) were purchased from HiMedia Laboratories Pvt. Ltd.,
Mumbai, India. Human colorectal adenocarcinoma (HT-29) and human breast adenocarcinoma (MCF-7) cell
lines were obtained from the National Centre for Cell Science (NCCS), Pune, India. All chemicals and reagents
used throughout the study were of analytical or cell culture grade and were used without further purification.

METHOD:

Design of Experiments (DoE) Using Box—Behnken Design

A three-factor, three-level Box—Behnken design was employed using Design-Expert® software to optimize
cisplatin nanocrystals. Stabilizer concentration (Xi: 0.5-2.0% w/v), homogenization pressure (Xz: 600—1400
bar), and homogenization cycles (Xs: 5-20) were selected as independent variables. Particle size (Y1),
polydispersity index (Y2), and zeta potential (Y3) were considered the response variables. The optimization
criteria were minimization of particle size and PDI and maximization of the absolute zeta potential to obtain
uniform and physically stable nanocrystal dispersion. (Table 1 and 2)

Table 1: Independent Variables and Their Corresponding Levels Utilised in the Box-Behnken

Framework
. . . High Level
Independent Variable Symbol Unit Low Level (-1) | Middle Level (0) (+1)
Stabilizer concentration Xi % (W/v) 0.5 1.25 2.0
Homogenization pressure | Xo bar 600 1000 1400
Homogenization cycles X5 Number 5 12 20
Table 2: Dependent Response Variables and Optimisation Criteria
Response Variable Symbol Unit Optimization Goal
Particle size Y nm Minimize
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Polydispersity Index (PDI) Y- — Minimize

Zeta potential Ys mV Maximise (absolute value)

Preparation of Optimized Cisplatin Nanocrystals

Optimized cisplatin nanocrystals used in the present study were prepared according to the formulation and
optimization procedure established in our previous work. Briefly, nanocrystals were produced by the anti-
solvent precipitation technique followed by high-pressure homogenization using the optimized formulation
variables identified through the Quality by Design (QbD) approach. The optimized nanosuspension was
characterized for particle size, polydispersity index, zeta potential, and drug content before being utilized for
subsequent biological and biopharmaceutical evaluations.®!

Formulation Optimization

The optimized nanocrystal formulation selected for the present investigation was based on the results of the
previous formulation optimization study, in which critical formulation variables and process parameters were
systematically optimized using a QbD approach. The optimized formulation exhibited desirable
physicochemical characteristics and batch reproducibility and was therefore selected for further evaluation of
cellular internalization, biopharmaceutical performance, and in vitro anticancer activity.!!-4

Table 3: Composition of Experimental Nanocrystal Batches

Drug: .
Batch Drug Stabilizer Total PVP | HPMC Poloxamer Tween Sol\tent.
No Cone. | g stem Stabilizer | 530 | E-1S 1 a8 04y 80 (%) | Antisolvent
© o jmg Y Rati %) | (%) ’ Y | (mu)
atio

Fl 50 PVP 11 025 | — 0.10 0.05 1: 10

F2 50 PVP 1:2 050 | — 0.10 0.05 1: 10

F3 50 HPMC 11 — 0.25 0.10 0.05 1: 10

F4 50 HPMC 1:2 — 0.50 0.10 0.05 1: 10

F5 100 PVP 11 025 | — 025 0.05 1: 20

F6 100 PVP 1:2 050 | — 025 0.05 1: 20

F7 100 HPMC 11 — 0.25 025 0.05 1: 20

F8 100 HPMC 1:2 — 0.50 025 0.05 1: 20

Fo 150 |EVP Tl 025 |- 0.50 010 | 1:10
Poloxamer

Flo |1s0 |FVP R 050 |- 0.50 010 | 1:10
Poloxamer

Fil | 1s0 | HPMC ~ lo2s 050 010 | 1:10
Poloxamer

Fli2 150 | HPMC oy, ~ |os0 050 010 | 1:10
Poloxamer

F13 200 Mixed 1:1 0.50 | 0.25 0.75 0.10 1:20
stabilizers

Fl4 200 Mixed 1:2 0.75 | 0.25 0.75 0.10 1: 20
stabilizers

F15 200 Mixed 1:1.5 0.75 | 0.50 1.00 0.15 1: 20
stabilizers

Fl6 |200 | Optimized 1:2 1.00 | 0.50 1.00 0.15 1:20
combination

Characterization of optimized cisplatin nanocrystals

The optimized cisplatin nanocrystals were characterized for their physicochemical properties before biological
evaluation. The average particle size, polydispersity index (PDI), and zeta potential were determined by
dynamic light scattering (DLS) using a Zetasizer (Malvern Instruments, UK) at 25 + 2°C after appropriate
dilution with distilled water. The crystalline nature and thermal behavior of the optimized formulation were
examined by X-ray diffraction (XRD), differential scanning calorimetry (DSC), and thermogravimetric analysis
(TGA) using standard analytical procedures. Drug content was quantified using a validated HPLC method,
while entrapment efficiency was determined after centrifugation by measuring the amount of unentrapped drug
in the supernatant using the validated analytical method.'3-2°

In vitro cytotoxicity studies

The in vitro cytotoxic activity of the optimized cisplatin nanocrystals was evaluated against human colorectal
adenocarcinoma (HT-29) and human breast adenocarcinoma (MCF-7) cell lines to investigate their
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antiproliferative potential. The cytotoxic response of the optimized nanocrystals was compared with that of the
pure cisplatin to assess the effect of nanocrystal formulation on anticancer efficacy.?!#*

MTT cell viability assay

Cell viability was determined using the MTT assay based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) into insoluble formazan crystals by metabolically active cells. HT-29 and
MCEF-7 cells were seeded into 96-well plates at a density of 5 x 10°~1 x 10* cells/well in complete DMEM or
RPMI-1640 medium supplemented with 10% fetal bovine serum and 1% penicillin—streptomycin. The cells
were incubated for 24 h at 37°C in a humidified atmosphere containing 5% CO: to allow attachment.

Following incubation, the cells were treated with different concentrations of pure cisplatin and optimized
cisplatin nanocrystals for 24—48 h, while untreated cells served as the negative control. Subsequently, 20 puL of
MTT solution (5 mg/mL in phosphate-buffered saline) was added to each well, followed by incubation for 3—4 h
to allow formazan crystal formation. The culture medium was carefully removed, and the crystals were
dissolved in 150 pL of dimethyl sulfoxide (DMSO) with gentle shaking. Absorbance was recorded at 570 nm
using a microplate reader, and cell viability was calculated relative to the untreated control.

Determination of ICso

The half-maximal inhibitory concentration (ICso) values of pure cisplatin and the optimized nanocrystal
formulation were determined from concentration-dependent cell viability data. Dose-response curves were
generated using GraphPad Prism by nonlinear regression analysis with a variable-slope model. ICso values were
calculated as the drug concentration required to inhibit 50% of cell viability. Lower ICso values were considered
indicative of enhanced cytotoxic activity and improved therapeutic performance of the nanocrystal formulation.

Statistical analysis

All experiments were performed in triplicate, and the results are presented as mean + standard deviation (SD).
Statistical analysis was carried out using SPSS version 26.0. Differences between experimental groups were
analyzed using one-way analysis of variance (ANOVA) followed by Tukey's post hoc test or Student's t-test, as
appropriate. A value of p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION:

Physicochemical Properties of Cisplatin

The drug exhibited low aqueous solubility (2.65 + 0.12 mg/mL) with a pH-dependent solubility profile, showing
higher solubility at pH 4.0 than at pH 7.4, confirming its poor dissolution characteristics. The high melting point
(270.4 £+ 0.8°C) indicated good crystallinity and thermal stability, while the drug content (99.0 = 1.2% w/w)
confirmed the high purity of the active pharmaceutical ingredient. These findings highlight the poor aqueous
solubility of cisplatin and support the development of a nanocrystal formulation to improve its dissolution
performance.

Nanocrystal Preparation and Optimization

Nanocrystals were optimized using a Quality by Design (QbD) approach by systematically evaluating critical
formulation and process variables. The optimized formulation exhibited a reduced particle size, low
polydispersity index (PDI), and an appropriate zeta potential, indicating uniform particle distribution and good
colloidal stability. These optimized characteristics provided a suitable nanocrystal system for subsequent
cellular uptake, biopharmaceutical, and in vitro anticancer studies.

Characterization of optimized cisplatin nanocrystals

Particle Size, Polydispersity Index, and Zeta Potential

The optimized cisplatin nanocrystals exhibited a mean particle size of approximately 160 nm with a PDI of 0.21,
indicating a uniform particle size distribution. The zeta potential ranged from —45 to —50 mV, demonstrating
good colloidal stability and minimal particle aggregation. These physicochemical characteristics confirmed the
successful preparation of a stable nanocrystal formulation suitable for biological evaluation.

Table 4: Optimisation of Cisplatin Nanocrystals Based on Stabiliser Concentration, Homogenisation
Pressure, and Homogenisation Cycles (Values expressed as Mean + SD; n = 3).

Stabiliser Pressure Particle Size | PDI Zeta Potential
Formulation (%) (bar) Cycles (nm) Mean = | Mean + | (mV) Mean =+
’ SD SD SD
0462 =+
F1 0.5 600 5 302.8+8.5 0.021 —-284+1.6
F2 1.0 800 10 248762 0.351 =1 356114
0.018
0.281 =+
F3 1.5 1000 15 1983+54 0.015 42.7+1.2

Genetics and Molecular Research 25 (16s): 2026 4




F4 (Optimised) | 2.0 1400 20 158.6 + 3.8 8'31‘2‘ 1l -476+13

Surface Morphology Analysis of Optimised Cisplatin Nanocrystals

The morphological structure of the optimised cisplatin nanocrystals was determined by SEM and TEM. The
SEM analysis (Figure 1A; scale bar = 400 nm) revealed the formation of closely packed nanocrystals having a
rough, porous, and interconnected structure, along with uniformly dispersed nearly spherical particles with
aggregation. The TEM results (Figure 1B; scale bar = 180 nm) indicated the formation of defined and mostly
spherical nanocrystals having smooth surfaces with minimum agglomeration. The size of the particles was
approximately 60-80 nm, thus indicating the successful preparation of nanocrystals. In summary, the SEM and
TEM results revealed that the optimised cisplatin nanocrystals had uniform spherical morphology, porous
surface structure, and nanosized particles.(Figure 1)

L

Figure 1: Surface Morphology Analysis of Optimised Cisplatin Nanocrystals: (A) Scanning Electron
Microscopy (SEM) image showing the surface morphology of the optimised cisplatin nanocrystals, and
(B) Transmission Electron Microscopy (TEM) image illustrating the nanoscale morphology and particle
size of the optimised formulation.

Crystallinity and Thermal Characterization

XRD analysis demonstrated a reduction in the crystallinity of the optimized nanocrystals compared with pure
cisplatin, indicating partial amorphization following nanosization. DSC thermograms showed a broadened
endothermic peak with a slight shift in melting temperature, while TGA confirmed that the optimized
formulation remained thermally stable under pharmaceutical processing conditions.

Drug content and entrapment efficiency
The optimized nanocrystals showed a high drug content (98.2 + 1.1%) and entrapment efficiency (89.7 + 1.4%),
indicating efficient drug incorporation with minimal drug loss during formulation.

HPLC Analysis

HPLC analysis of both pure cisplatin and the optimized nanocrystals produced a sharp characteristic peak at a
retention time of 4.23 min without interference from formulation excipients, confirming drug identity, purity,
and successful incorporation into the nanocrystal formulation.

Table 5: Physicochemical Characterization of Optimized Cisplatin Nanocrystals

Parameter Result Observation
Mean Particle Size (nm) ~160 Nanometer-sized particles suitable for enhanced
cellular uptake

d10 (nm) ~80 Fine particle fraction

d50 (nm) ~150 Median particle diameter

d90 (nm) ~250 Uniform particle size distribution

Polydispersity Index (PDI) | 0.21 Narrow and homogeneous size distribution

Zeta Potential (mV) —45 to =50 Excellent colloidal stability

XRD Analysis Reduced peak intensity Partial reduction in crystallinity after nanosization

DSC Analysis Broadened endothermic | Partial amorphization with retained thermal stability
peak

TGA Analysis Stable up to ~250°C Good thermal stability during processing

Drug Content (%) 98.2+1.1 High drug loading efficiency

Entrapment Efficiency (%) | 89.7+1.4 Efficient drug incorporation
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HPLC Retention Time | 4.23 Confirmed drug identity and purity
(min)

HPLC Peak Characteristics | Sharp, symmetrical peak No interference from formulation excipients

The optimized cisplatin nanocrystals exhibited favorable physicochemical characteristics, including nanoscale
particle size, narrow size distribution, high colloidal stability, excellent drug loading, and efficient drug
entrapment. XRD, DSC, and TGA analyses confirmed partial amorphization without compromising thermal
stability, while HPLC analysis verified drug integrity and successful incorporation into the nanocrystal
formulation. These characteristics provide a suitable platform for evaluating cellular internalization,
biopharmaceutical performance, and in vitro anticancer activity in the subsequent studies.

In vitro cytotoxicity studies

Dose—Response and Cell Viability (MTT Assay)

The antiproliferative activity of the optimized cisplatin nanocrystals was evaluated against HT-29 and MCF-7
cancer cell lines using the MTT assay. Both pure cisplatin and the nanocrystal formulation produced a
concentration-dependent reduction in cell viability; however, the nanocrystals consistently exhibited
significantly greater cytotoxicity at all tested concentrations (Table 6, Figures 2 and 3).

In HT-29 cells, treatment with pure cisplatin reduced cell viability from 88.2 +2.5% at 5 pg/mL to 38.3 £2.2%
at 40 pg/mL, whereas the optimized nanocrystals produced a more pronounced reduction from 80.5 + 2.1% to
25.7 = 1.9% over the same concentration range. A similar trend was observed in MCF-7 cells, where cell
viability decreased from 90.4 + 2.6% to 40.2 + 2.1% following treatment with pure cisplatin, compared with
82.7+2.3% to 28.6 + 1.8% for the nanocrystal formulation.

The enhanced cytotoxic activity of the optimized nanocrystals can be attributed to their nanoscale particle size,
improved aqueous dispersibility, and greater cellular uptake, which collectively facilitate increased intracellular
drug accumulation and enhanced antiproliferative activity. These findings demonstrate that nanocrystal
formulation significantly improves the therapeutic performance of cisplatin against both colorectal and breast
cancer cells.

Table 6: Cytotoxic activity of pure cisplatin and optimized cisplatin nanocrystals against HT-29 and
MCEF-7 cell lines

Formulation Cell Line Concentration (ug/mL) Cell Viability (%) (Mean + SD)
Pure Cisplatin HT-29 5 88.2+2.5
10 72.4+3.1
20 55.6+2.8
40 38.3+22
Nanocrystals HT-29 5 80.5+2.1
10 60.2+3.0
20 424426
40 257+1.9
Pure Cisplatin MCEF-7 5 90.4+2.6
10 75.1+£3.2
20 58.7+£29
40 40.2+2.1
Nanocrystals MCF-7 5 82.7+23
10 629+2.38
20 454+22
40 28.6+1.8
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Figure 2: Concentration-dependent cytotoxic effect of pure cisplatin and optimized cisplatin nanocrystals
on HT-29 cells.
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Figure 3: Concentration-dependent cytotoxic effect of pure cisplatin and optimized cisplatin nanocrystals
on MCF-7 cells.

ICso Determination

The ICso values further confirmed the superior anticancer efficacy of the optimized nanocrystal formulation
(Table 7, Figure 4). Compared with pure cisplatin, the nanocrystals exhibited markedly lower ICso values in both
cell lines, indicating greater cytotoxic potency. In HT-29 cells, the ICso decreased from 18.5 + 1.2 pg/mL for
pure cisplatin to 12.5 + 0.9 pg/mL for the nanocrystals. Likewise, in MCF-7 cells, the ICso value was reduced
from 22.0 + 1.4 pg/mL to 15.0 £ 1.1 pg/mL following nanocrystal treatment.

The reduction in ICso values demonstrates that nanosizing significantly enhanced the biological activity of
cisplatin by improving cellular internalization and intracellular drug availability. Furthermore, HT-29 cells
showed slightly greater sensitivity to the optimized nanocrystals than MCF-7 cells, suggesting a cell line-
dependent response. Overall, the results indicate that the optimized nanocrystal formulation possesses enhanced
in vitro anticancer activity and represents a promising platform for improving the therapeutic efficacy of poorly
soluble anticancer drugs.

Table 7: ICso values of pure cisplatin and optimized cisplatin nanocrystals against HT-29 and MCF-7 cell

lines.
Formulation HT-29 ICso (ng/mL) MCF-7 ICso (ng/mL)
Pure Cisplatin 185+1.2 220+1.4
Optimized Cisplatin Nanocrystals 125+ 0.9 150+ 1.1
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Figure 4: Comparison of ICso values of pure cisplatin and optimized cisplatin nanocrystals in HT-29 and
MCF-7 cell lines

CONCLUSION:

Optimized cisplatin nanocrystals were successfully developed using an anti-solvent precipitation technique
combined with high-pressure homogenization under a Quality by Design framework. The optimized formulation
demonstrated desirable physicochemical characteristics, including a mean particle size of approximately 160
nm, a PDI of 0.21, a zeta potential of —45 to =50 mV, 98.2 + 1.1% drug content, and 89.7 £ 1.4% entrapment
efficiency, confirming the formation of a stable nanosystem. Structural characterization by XRD, DSC, TGA,
and HPLC verified reduced crystallinity, satisfactory thermal stability, and preservation of drug integrity.
Biological evaluation demonstrated that the optimized nanocrystals significantly improved the anticancer
activity of cisplatin against HT-29 and MCF-7 cell lines. The nanocrystal formulation produced greater
inhibition of cell viability at all tested concentrations and substantially reduced the ICso values to 12.5 + 0.9
pg/mL (HT-29) and 15.0 = 1.1 pg/mL (MCF-7), compared with 18.5 £ 1.2 pg/mL and 22.0 =+ 1.4 pg/mL for the
pure drug. These findings indicate that nanosizing enhanced cellular uptake and intracellular drug availability,
leading to improved antiproliferative activity. Overall, the developed cisplatin nanocrystals represent a
promising strategy for improving the biopharmaceutical performance and in vitro therapeutic efficacy of poorly
soluble anticancer drugs and provide a strong basis for future cellular internalization, pharmacokinetic, and in
vivo anticancer investigations.
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