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ABSTRACT: 
Background: Cisplatin is a widely used platinum-based anticancer agent; however, its clinical performance is 
limited by poor aqueous solubility and low permeability, resulting in reduced dissolution and biopharmaceutical 
performance. Nanocrystal technology has emerged as an effective strategy to overcome these limitations by 
enhancing the dissolution characteristics of poorly soluble drugs. 
Objective: The present study aimed to develop and optimize cisplatin nanocrystals using a Quality by Design 
(QbD) approach to improve their physicochemical properties, dissolution performance, and formulation 
stability. 
Methods: Cisplatin nanocrystals were prepared using the anti-solvent precipitation technique followed by high-
pressure homogenization. A Box–Behnken experimental design was employed to optimize the formulation 
variables, including drug concentration, stabilizer concentration, homogenization pressure, and homogenization 
cycles. The optimized formulation was characterized for particle size, polydispersity index (PDI), zeta potential, 
crystallinity (XRD), thermal behavior (DSC and TGA), drug content, encapsulation efficiency, and HPLC 
analysis. Statistical optimization was performed using response surface methodology. 
Results: The optimized nanocrystals exhibited a mean particle size of approximately 160 nm, a PDI of 0.21, and 
a zeta potential ranging from −45 to −50 mV, indicating a stable and homogeneous nanosuspension. XRD and 
DSC analyses demonstrated reduced crystallinity following nanosization, while TGA confirmed adequate 
thermal stability. The optimized formulation achieved a drug content of 98.2 ± 1.1% and an encapsulation 
efficiency of 89.7 ± 1.4%. The validated HPLC method showed excellent linearity, precision, and accuracy for 
quantitative drug estimation. Overall, the optimized formulation exhibited superior physicochemical 
characteristics compared with the pure drug. 
Conclusion: The QbD-based formulation strategy successfully produced stable cisplatin nanocrystals with 
reduced particle size, improved solid-state characteristics, and high drug incorporation efficiency. These 
findings demonstrate the potential of nanocrystal technology as an effective platform for enhancing the 
pharmaceutical performance of poorly soluble BCS Class IV anticancer drugs and provide a robust foundation 
for subsequent dissolution, permeability, and biological evaluation studies. 
Keywords: Cisplatin, Nanocrystals, Quality by Design (QbD), Anti, solvent Precipitation, High-Pressure 
Homogenization, Particle Size, Dissolution Enhancement, Drug Delivery, BCS Class IV Drug. 
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INTRODUCTION: 
Cancer remains one of the leading causes of 
morbidity and mortality worldwide, accounting for 
millions of new cases and deaths annually. Despite 
significant advances in diagnosis and therapeutic 
strategies, chemotherapy continues to play a pivotal 
role in the management of both solid and 
hematological malignancies.1 Among the available 
chemotherapeutic agents, platinum-based 

compounds have remained the cornerstone of 
cancer treatment because of their broad-spectrum 
antitumor activity and proven clinical efficacy 
against ovarian, testicular, lung, bladder, head and 
neck, and several other malignancies.2-4 Their 
therapeutic action primarily involves the formation 
of DNA cross-links, resulting in inhibition of DNA 
replication and transcription, ultimately inducing 
apoptosis in rapidly proliferating cancer cells. 
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However, the clinical performance of many 
platinum-based anticancer drugs is often restricted 
by unfavorable physicochemical and 
biopharmaceutical properties, which limit their 
therapeutic efficiency.5-7 

One of the major challenges associated with several 
anticancer agents is their poor aqueous solubility 
and limited membrane permeability, leading to 
inadequate dissolution, variable absorption, and 
suboptimal drug delivery. These limitations 
frequently necessitate the administration of higher 
doses to achieve therapeutic plasma concentrations, 
which consequently increases the risk of systemic 
toxicity and adverse effects. In addition, poor 
dissolution behavior may reduce drug availability 
at the target site, thereby compromising treatment 
efficacy. Improving the dissolution characteristics 
and bioavailability of poorly soluble anticancer 
drugs has therefore become an important objective 
in modern pharmaceutical formulation research.8-10 

Several formulation strategies have been 
investigated to overcome the limitations associated 
with poorly soluble drugs, including solid 
dispersions, liposomes, polymeric nanoparticles, 
micelles, nanoemulsions, self-emulsifying drug 
delivery systems, cyclodextrin inclusion 
complexes, and lipid-based carriers. Although these 
technologies have demonstrated varying degrees of 
success, they often require complex manufacturing 
procedures, specialized excipients, relatively low 
drug loading, or involve challenges related to 
stability, scalability, and regulatory acceptance.11-14 
Consequently, there remains a continuous need for 
formulation approaches that are simple, scalable, 
cost-effective, and capable of improving drug 
dissolution without altering the chemical structure 
of the active pharmaceutical ingredient. 
Nanocrystal technology has emerged as one of the 
most promising formulation approaches for 
enhancing the performance of poorly water-soluble 
drugs. Pharmaceutical nanocrystals are pure drug 
particles generally ranging from 100 to 1000 nm, 
stabilized by suitable surfactants or polymers to 
prevent particle aggregation. Unlike carrier-based 
nanoparticulate systems, nanocrystals consist 
predominantly of the active pharmaceutical 
ingredient, allowing high drug loading while 
minimizing the use of additional excipients. The 
significant reduction in particle size results in a 
substantial increase in surface area, saturation 
solubility, and dissolution rate according to the 
Noyes–Whitney and Ostwald–Freundlich 
principles. These improvements can ultimately 
enhance drug absorption, therapeutic efficacy, and 
dose uniformity.15-17 

Nanocrystal formulations offer several additional 
advantages over conventional delivery systems. 
Their relatively simple composition facilitates 
large-scale manufacturing using established 
pharmaceutical processes such as wet milling, 

high-pressure homogenization, and anti-solvent 
precipitation. Furthermore, nanocrystals exhibit 
excellent versatility and can be incorporated into 
multiple dosage forms, including oral tablets, 
capsules, injectables, topical formulations, and 
implantable systems. Numerous commercially 
available pharmaceutical products based on 
nanocrystal technology have demonstrated 
improved dissolution characteristics, enhanced 
bioavailability, and better patient outcomes, 
highlighting the clinical relevance of this 
formulation strategy.18-20 

Among the available manufacturing techniques, 
anti-solvent precipitation followed by high-pressure 
homogenization has attracted considerable attention 
because of its simplicity, reproducibility, and 
scalability. During anti-solvent precipitation, rapid 
supersaturation promotes instantaneous nucleation 
and formation of fine drug particles, while 
subsequent high-pressure homogenization 
effectively reduces particle size and narrows the 
particle size distribution. Appropriate selection of 
stabilizers is essential to maintain colloidal stability 
by preventing crystal growth and particle 
aggregation throughout the preparation process. 
The optimization of formulation variables such as 
stabilizer concentration, homogenization pressure, 
and processing cycles is therefore critical for 
obtaining nanocrystals with desirable 
physicochemical characteristics and long-term 
stability.21 

Quality by Design (QbD) has become an integral 
component of contemporary pharmaceutical 
development because it emphasizes systematic 
process understanding and scientific optimization 
rather than empirical trial-and-error 
experimentation. QbD involves identifying critical 
material attributes and critical process parameters 
that influence the critical quality attributes of the 
final product. Statistical experimental designs, 
particularly the Box–Behnken Design (BBD), 
enable efficient evaluation of formulation variables 
and their interactions while minimizing the number 
of experimental runs. Response Surface 
Methodology further facilitates optimization by 
establishing mathematical relationships between 
formulation variables and product responses, 
thereby improving process robustness, 
reproducibility, and regulatory compliance.22-24 

The successful development of nanocrystal 
formulations requires comprehensive 
physicochemical characterization to ensure product 
quality and stability. Parameters such as particle 
size, polydispersity index, zeta potential, 
crystallinity, thermal behavior, drug content, 
encapsulation efficiency, and analytical method 
validation provide valuable information regarding 
formulation performance and stability. Techniques 
including dynamic light scattering (DLS), Fourier 
transform infrared spectroscopy (FTIR), X-ray 
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diffraction (XRD), differential scanning 
calorimetry (DSC), thermogravimetric analysis 
(TGA), and high-performance liquid 
chromatography (HPLC) are routinely employed to 
evaluate these critical quality attributes and confirm 
the successful preparation of nanocrystals. 
Based on these considerations, the present study 
was undertaken to develop and optimize an 
anticancer drug nanocrystal formulation using a 
Quality by Design (QbD) approach. Nanocrystals 
were prepared by anti-solvent precipitation 
followed by high-pressure homogenization, and 
formulation variables were optimized using a Box–
Behnken Design. The optimized formulation was 
comprehensively characterized with respect to 
particle size, polydispersity index, zeta potential, 
crystallinity, thermal behavior, drug content, 
encapsulation efficiency, and chromatographic 
performance. The study aimed to establish a robust 
and reproducible formulation strategy capable of 
improving the physicochemical properties and 
dissolution performance of poorly soluble 
anticancer drugs, thereby providing a promising 
platform for enhanced pharmaceutical and 
therapeutic applications. 
MATERIALS AND METHODS: 
MATERIALS: 
Cisplatin (purity ≥99%) was obtained as a gift 
sample from by Balaji Drugs Pvt. Ltd., Surat, 
Gujarat, India. Polyvinylpyrrolidone K30 (PVP 
K30), Hydroxypropyl Methylcellulose (HPMC), 
Poloxamer 188, Tween 80, ethanol, methanol, and 
potassium bromide (KBr) were purchased from 
HiMedia Laboratories Pvt. Ltd., Mumbai, India. 
Distilled water was prepared in-house and used 
throughout the study. Certified reference standards 
for differential scanning calorimetry (DSC) and 
gold–palladium sputtering targets for scanning 
electron microscopy (SEM) were procured from 
standard commercial suppliers. All chemicals and 
reagents used were of analytical reagent (AR) 
grade and were used without further purification. 
METHOD: 
Preformulation Studies 
Comprehensive preformulation studies were 
conducted to investigate the physicochemical 
characteristics of cisplatin and to assess its 
compatibility with the selected pharmaceutical 
excipients prior to nanocrystal development. The 
organoleptic properties, aqueous solubility, 
partition coefficient (log P), melting point, and 
spectral characteristics of the drug were evaluated 
using standard analytical procedures. Drug–
excipient compatibility studies were performed 
using FTIR spectroscopy and DSC by analyzing 
physical mixtures of cisplatin with 
Polyvinylpyrrolidone K30 (PVP K30), 
Hydroxypropyl Methylcellulose (HPMC), 
Poloxamer 188, and Tween 80. In addition, 
preliminary solubility enhancement studies were 

conducted to identify suitable stabilizers for 
nanocrystal formulation.25-27 

Solubility Determination 
The equilibrium solubility of cisplatin was 
determined using the shake-flask method. An 
excess amount of drug was added to 5 mL of 
distilled water, phosphate buffer solutions (pH 1.2, 
4.5, 6.8, and 7.4), and selected organic solvents in 
tightly sealed glass vials. The samples were 
agitated in a shaking water bath at 25 ± 2°C for 24 
h to attain equilibrium. Subsequently, the 
suspensions were centrifuged at 10,000 rpm for 15 
min, and the supernatants were filtered through a 
0.45 μm membrane filter. The concentration of 
dissolved cisplatin was quantified using a validated 
UV–Visible spectrophotometric or HPLC method. 
All experiments were performed in triplicate, and 
the results were expressed as mean ± standard 
deviation.28-30 

Determination of Partition Coefficient (Log P) 
The lipophilicity of cisplatin was determined using 
the n-octanol/water partition method. Equal 
volumes of n-octanol and distilled water were 
mutually saturated before use. Cisplatin was added 
to the biphasic system, followed by agitation until 
equilibrium was achieved. After phase separation, 
the drug concentration in the aqueous phase was 
determined using the validated analytical method. 
The partition coefficient (Log P) was calculated 
from the ratio of drug concentration in the organic 
phase to that in the aqueous phase.31 

Stabilizer Screening 
Pharmaceutical stabilizers, including 
Polyvinylpyrrolidone K30 (PVP K30), 
Hydroxypropyl Methylcellulose (HPMC), 
Poloxamer 188, and Tween 80, were screened for 
their ability to stabilize cisplatin nanocrystals 
during the precipitation process. Preliminary 
formulations containing different stabilizer 
concentrations were prepared and evaluated for 
particle size, polydispersity index (PDI), zeta 
potential, physical appearance, sedimentation 
behavior, and dispersion stability over 24–72 h. 
Based on these physicochemical characteristics, the 
most suitable stabilizer was selected for further 
optimization of the nanocrystal formulation.32-33 

Design of Experiments (DoE) Using Box–
Behnken Design 
A three-factor, three-level Box–Behnken design 
was applied using Design-Expert® software for 
systematic optimization of the cisplatin nanocrystal 
formulation. Stabilizer concentration (X₁, 0.5–2.0% 
w/v), homogenization pressure (X₂, 600–1400 bar), 
and homogenization cycles (X₃, 5–20) were 
selected as the independent variables, while particle 
size (Y₁), PDI (Y₂), and zeta potential (Y₃) were 
evaluated as dependent responses. The formulation 
was optimized by targeting minimum particle size 
and PDI together with maximum absolute zeta 
potential to obtain a uniform and colloidally stable 
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nanocrystal system. 
API–Excipient Selection 
Polyvinylpyrrolidone K30 (PVP K30), 
Hydroxypropyl Methylcellulose (HPMC), 
Poloxamer 188, and Tween 80 were evaluated as 
stabilizers based on their pharmaceutical 
compatibility, stabilizing efficiency, and safety 
profile. Drug–excipient compatibility was assessed 
by FTIR and DSC, while preliminary solubility 
studies were performed to select the most suitable 
stabilizer for nanocrystal formulation. The 
optimized formulation was subjected to accelerated 
(40 ± 2°C/75 ± 5% RH) and long-term (25 ± 
2°C/60 ± 5% RH) stability studies according to 
ICH guidelines.34-35 

Preparation of Cisplatin Nanocrystals 
Cisplatin nanocrystals were prepared by the anti-
solvent precipitation method followed by high-
pressure homogenization. Briefly, 50 mg of 
cisplatin was dissolved in 5 mL methanol, vortexed 
for 1 min, and sonicated for 5 min. The drug 
solution was slowly injected (1 mL min⁻¹) into 100 
mL of distilled water containing 0.5% (w/v) PVP 
K30 under magnetic stirring (1000 rpm). The 
resulting suspension was stirred for 10 min, 
followed by aging at 500 rpm for 30 min. The 
suspension was subsequently homogenized at 800 
bar for five cycles while maintaining the 
temperature below 30°C. The nanocrystal 
dispersion was centrifuged at 10,000 × g for 10 
min, re-dispersed in distilled water, and 
characterized for particle size, polydispersity index 
(PDI), zeta potential, and drug content. For solid-
state studies, the optimized nanosuspension was 
freeze-dried using 5% (w/v) trehalose as a 
cryoprotectant.36-40 

Preparation Process 
Cisplatin nanocrystals were prepared using an anti-
solvent precipitation technique followed by high-
pressure homogenization. Briefly, cisplatin was 
dissolved in methanol to obtain a clear drug 
solution, while an aqueous stabilizer solution 
containing Polyvinylpyrrolidone K30 (PVP K30) 
was prepared separately. The drug solution was 
added dropwise into the anti-solvent under 
continuous magnetic stirring to induce rapid 
nucleation and nanocrystal formation. The resulting 
suspension was further processed by high-pressure 
homogenization to reduce particle size and obtain a 
uniform nanosuspension. The optimized 
formulation was subsequently characterized for 
particle size, polydispersity index, zeta potential, 
and drug content. When required, the 
nanosuspension was freeze-dried in the presence of 
a suitable cryoprotectant to obtain stable cisplatin 
nanocrystals for further characterization and 
evaluation.41-42 

Process analytical controls and batch 
reproducibility 

Process analytical controls were established to 
ensure the consistency and reproducibility of 
cisplatin nanocrystal formulations. Sixteen 
experimental batches (F1–F16) were prepared by 
varying the drug concentration, stabilizer 
composition, drug-to-stabilizer ratio, and solvent-
to-anti-solvent ratio using the anti-solvent 
precipitation method followed by high-pressure 
homogenization. Critical process parameters were 
maintained under controlled conditions, and each 
batch was evaluated for particle size, polydispersity 
index (PDI), zeta potential, drug content, pH, and 
physical appearance. The optimized formulation 
was selected for subsequent physicochemical 
characterization, dissolution, and stability 
studies.43-45 
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Optimization of Formulation: 
The cisplatin nanocrystal formulation was 
optimized using a Quality by Design (QbD) 
approach based on a Box–Behnken Design (BBD) 
implemented in Design-Expert® software. Drug 
concentration, stabilizer concentration, 
homogenization pressure, and homogenization 
cycles were selected as independent variables, 
while particle size, polydispersity index (PDI), zeta 
potential, and drug content were evaluated as 
response variables. The experimental data were 
analyzed by ANOVA, and numerical optimization 
was performed using the desirability function to 
obtain the optimized formulation. The optimized 
batch was prepared in triplicate to verify the 
reproducibility and reliability of the optimized 
process.46-47 

Characterization of Cisplatin nanocrystals48-61 

Particle size, Polydispersity index (PDI), and 
Zeta potential 
The average particle size, polydispersity index 
(PDI), and zeta potential of the cisplatin 
nanocrystals were determined by dynamic light 
scattering (DLS) using a Zetasizer (Malvern 
Instruments, UK). All measurements were 
performed at 25 ± 2°C after appropriate dilution 
with distilled water. Particle size and PDI were 
used to evaluate the size distribution, while zeta 
potential was measured to assess the physical 
stability of the nanosuspension. 
Crystallinity and Thermal Analysis 
The crystalline properties of cisplatin nanocrystals 
were analyzed using X-ray diffraction (XRD; 
Bruker D8 Advance, Germany). Thermal behavior 
and stability were evaluated using differential 
scanning calorimetry (DSC; TA Instruments, USA) 
and thermogravimetric analysis (TGA; 
PerkinElmer TGA 4000, USA) under controlled 
heating conditions. 
Drug Content Determination 
Drug content was determined by dissolving an 
accurately weighed quantity of nanocrystals in a 
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suitable solvent and analyzing the sample using a 
validated HPLC (Agilent 1260, USA) or UV–
Visible spectrophotometric method (Shimadzu UV-
1800, Japan). The analytical method was validated 
according to ICH Q2(R1) guidelines. 
Entrapment Efficiency 
Entrapment efficiency was determined by 
separating the free drug from the nanocrystals 
through centrifugation. The drug content in the 
supernatant was quantified using the validated 
analytical method, and the entrapment efficiency 
was calculated using the following equation: 

𝑬𝒏𝒕𝒓𝒂𝒑𝒎𝒆𝒏𝒕	𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚	(%)

= 	
(𝑻𝒐𝒕𝒂𝒍	𝒅𝒓𝒖𝒈 − 𝑭𝒓𝒆𝒆	𝒅𝒓𝒖𝒈)

𝑻𝒐𝒕𝒂𝒍	𝑫𝒓𝒖𝒈	 × 𝟏𝟎𝟎 

Statistical analysis 
All experiments were performed in triplicate, and 
the results are expressed as mean ± standard 
deviation (SD). Statistical analysis and 
optimization were performed using Design-
Expert® software. The effects of formulation 
variables were evaluated using analysis of variance 
(ANOVA) and response surface methodology 
(RSM), with p < 0.05 considered statistically 
significant. The optimized formulation was 
identified using the desirability function based on 
the selected response variables. 
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. 
Preformulation Analysis 
Identification and Characterization 
Ultraviolet Absorption Maxima (λmax) 
The UV–Visible absorption spectrum of cisplatin is 
presented in Figure 1. The drug exhibited a 
characteristic absorption maximum (λmax) at 301 
nm, confirming its identity and suitability for 
quantitative analysis. A strong absorbance was 
observed in the 200–210 nm regions, while the 
absorbance gradually decreased at higher 
wavelengths with negligible absorption beyond 350 
nm. Based on these observations, 301 nm was 
selected as the analytical wavelength for 
subsequent spectrophotometric studies. 

 
Figure 1: UV–Visible absorption spectrum of 
cisplatin showing the characteristic absorption 
maximum (λmax) at 301 nm. 
Fourier Transform Infrared (FTIR) Analysis 
The FTIR spectrum of pure cisplatin is shown in 
Figure 2. Characteristic absorption bands 
corresponding to N–H stretching vibrations of 
coordinated ammine groups were observed in the 
3300–3200 cm⁻¹ region, while bands at 1650–1550 
cm⁻¹ were attributed to N–H bending vibrations. 
The absorption bands below 600 cm⁻¹ 
corresponded to Pt–N and Pt–Cl stretching 
vibrations, confirming the characteristic 
coordination structure of cisplatin. The absence of 
additional impurity-related peaks indicated the 
chemical integrity and purity of the drug. 

 
Figure 2: FTIR spectrum of pure cisplatin. 
Differential Scanning Calorimetry (DSC) 
Analysis 
The DSC thermogram of pure cisplatin is presented 
in Figure 3. A distinct thermal transition was 
observed with a sharp melting endotherm at 
approximately 205–210°C, indicating the 
crystalline nature of the drug. An exothermic 
transition around 134.5°C was also observed, 
which may be associated with structural 
rearrangement during heating. The sharp thermal 
events and absence of additional peaks confirmed 
the high crystallinity and thermal stability of 
cisplatin, supporting its suitability for nanocrystal 
formulation. 
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Figure 3: DSC thermogram of pure cisplatin. 
Standardization of Pharmaceutical Excipients 
The selected pharmaceutical excipients were 
evaluated according to the USP/EP pharmacopeial 
specifications prior to formulation development. 
All excipients complied with the prescribed quality 
requirements for physicochemical properties, 
including appearance, moisture content, ash 
content, viscosity, pH, microbial limits, and heavy 
metal content. The results confirmed the 
pharmaceutical quality and suitability of the 
excipients for the preparation of cisplatin 
nanocrystals. 
Table 2: Physicochemical Evaluation of 
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The physicochemical evaluation demonstrated that 
all excipients met the pharmacopoeial acceptance 
criteria and were suitable for nanocrystal 
formulation. Their compliance with USP/EP 
specifications ensured adequate purity, stability, 
and compatibility, supporting their application in 
the Quality by Design (QbD)-based development of 
cisplatin nanocrystals. 
Solubility Studies 
Cisplatin exhibited slight solubility in purified 
water (~1.0 mg/mL) and was practically insoluble 
in ethanol (<0.1 mg/mL). In contrast, the drug 
showed markedly higher solubility in DMF (10–20 
mg/mL) and DMSO (20–50 mg/mL). These 
findings confirm the poor aqueous solubility of 
cisplatin and support the application of nanocrystal 
technology to enhance its dissolution behavior and 
pharmaceutical performance. 
Partition Coefficient 
Negative log P values were observed in all solvent 
systems, indicating the hydrophilic nature of 
cisplatin. The lowest value was obtained in n-
octanol/PBS (−2.25 ± 0.02), while the highest value 
was recorded in n-octanol/DMSO (−0.76 ± 0.06). 
The low partition coefficient confirms the poor 
membrane permeability of cisplatin and further 
justifies the development of nanocrystal 
formulations to improve its biopharmaceutical 
performance. 
Standard Calibration Curves of Cisplatin 
Standard calibration curves of cisplatin were 
established in different dissolution media to 
evaluate the linearity and applicability of the 
analytical method. Excellent linear relationships 
between drug concentration and absorbance were 
obtained in all media, confirming compliance with 
Beer–Lambert's law. The calibration curves showed 
high correlation coefficients (R² = 0.9977–0.9992), 
indicating good linearity, accuracy, and 
reproducibility over the selected concentration 
ranges. Among the tested media, the highest 
analytical sensitivity was observed in phosphate 
buffer (pH 7.4) and dimethylformamide (DMF), 
while the OPD colorimetric method demonstrated 
improved absorbance with increasing reagent 
concentration and reaction time. These findings 
confirmed the suitability of the developed 
analytical method for the quantitative estimation of 
cisplatin during formulation and dissolution 
studies. 
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Figure 4: Calibration curve of cisplatin in 
phosphate buffer (pH 6.8). 

 
Figure 5: Calibration curve of cisplatin in buffer 
(pH 1.2). 

 
Figure 6: Calibration curve of cisplatin in buffer 
(pH 4.5). 

 

Figure 7: Calibration curve of cisplatin in 
phosphate buffer (pH 7.4). 

 
Figure 8: Calibration curve of cisplatin in 
dimethylformamide (DMF). 

 
Figure 9: Effect of OPD concentration on 
cisplatin complex formation. 

 
Figure 10: Effect of reaction time on cisplatin–
OPD complex formation. 
Nanocrystal Preparation and Optimization 
Nanocrystals were optimized using a Quality by 
Design (QbD) approach by evaluating the effects of 
stabilizer concentration, homogenization pressure, 
and homogenization cycles on the critical quality 
attributes. The response surface analysis 
demonstrated that increasing stabilizer 
concentration and homogenization pressure 
significantly reduced particle size, while additional 
homogenization cycles further improved particle 
size reduction and uniformity. A decrease in the 
polydispersity index (PDI) indicated a narrower 
particle size distribution, whereas higher stabilizer 
concentrations produced more negative zeta 
potential values, suggesting improved colloidal 
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stability and reduced particle aggregation. Overall, 
the optimized processing conditions resulted in 
nanocrystals with desirable particle size, uniform 
distribution, and enhanced physical stability. 

            

 

               

 
Figure 11: Three-dimensional response surface 
plots illustrating the effects of stabilizer 
concentration, homogenization pressure, and 
homogenization cycles on (a) particle size, (b) 
polydispersity index (PDI), (c) zeta potential, 
and (d) particle size during nanocrystal 
optimization. 
Characterization of Prepared Nanocrystals 
Particle Size, Polydispersity Index (PDI), and 
Zeta Potential 
The particle size analysis demonstrated a 
significant reduction in particle size following 
nanocrystal formulation (Table 3). Pure cisplatin 
exhibited a larger average particle size (~1950 nm) 
with a broad size distribution (PDI = 0.58), whereas 
the optimized nanocrystals showed a mean particle 
size of approximately 160 nm with a substantially 
lower PDI (0.21), indicating a narrow and uniform 
particle size distribution. Furthermore, the 
nanocrystals exhibited a zeta potential of −45 to 
−50 mV, suggesting excellent colloidal stability 
and reduced aggregation. These findings confirmed 
the successful preparation of stable cisplatin 
nanocrystals with improved physicochemical 
characteristics. 
Table 3: Particle Size Characteristics of Pure 
Cisplatin and Optimized Nanocrystals 

Parameter Pure 

Cisplatin 

Cisplatin 

Nanocrystals 

d10 (nm) ~1350 ~80 
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d50 (nm) ~1850 ~150 

d90 (nm) ~2650 ~250 

Mean Particle 

Size (nm) 

~1950 ~160 

Polydispersity 

Index (PDI) 

0.58 0.21 

Zeta Potential 

(mV) 

Not 

determined 

−45  to −50 

 
Figure 12: Particle size distribution of pure 
Cisplatin and optimized nanocrystals. 

 
Figure 13: Comparison of the polydispersity 
index (PDI) of pure Cisplatin and nanocrystals. 

 
Figure 14: Zeta potential distribution of 
optimized Cisplatin nanocrystals. 
Crystallinity and Thermal Behaviour 
X-ray Diffraction (XRD) Analysis 
The XRD patterns of pure cisplatin and its 
nanocrystals demonstrated a noticeable reduction in 
peak intensity and crystallinity following 
nanosizing. Pure cisplatin exhibited characteristic 

sharp diffraction peaks, whereas the nanocrystals 
showed broader and less intense peaks, indicating 
partial loss of crystallinity, which is expected to 
improve the dissolution characteristics of the drug. 

 
Figure 15: X-ray diffraction (XRD) patterns of 
pure cisplatin and optimized cisplatin 
nanocrystals. 
Differential Scanning Calorimetry (DSC) 
Analysis 
The DSC thermograms showed a distinct melting 
endotherm for pure cisplatin, confirming its 
crystalline nature. The optimized nanocrystals 
exhibited a broader and less intense endothermic 
peak with a slight shift toward a lower temperature, 
indicating reduced crystallinity and partial 
amorphization after nanosization while maintaining 
adequate thermal stability. 

 
Figure 16: Differential scanning calorimetry 
(DSC) thermograms of pure Cisplatin and 
optimized cisplatin nanocrystals. 
Thermogravimetric Analysis (TGA) 
Thermogravimetric analysis demonstrated that both 
pure cisplatin and the optimized nanocrystals 
remained thermally stable up to approximately 
250°C, followed by thermal degradation at higher 
temperatures. The nanocrystals exhibited a slightly 
lower degradation onset temperature than the pure 
drug, which may be attributed to the increased 
surface area following particle size reduction. 
Overall, both formulations showed satisfactory 
thermal stability for pharmaceutical processing. 
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Figure 17: Thermogravimetric analysis (TGA) 
of pure cisplatin and optimized cisplatin 
nanocrystals. 
Drug Content and Encapsulation Efficiency 
The optimized cisplatin nanocrystals exhibited a 
drug content of 98.2 ± 1.1% and an encapsulation 
efficiency of 89.7 ± 1.4%, indicating efficient drug 
incorporation with minimal drug loss during 
formulation. These results demonstrate the 
effectiveness of the developed nanocrystal 
formulation and confirm the reliability of the 
HPLC method for quantitative drug estimation. 
Table 4: Drug Content and Encapsulation 
Efficiency of Optimized Cisplatin Nanocrystals 

Parameter Value (Mean ± 

SD) 

Drug Content (%) 98.2 ± 1.1 

Encapsulation Efficiency 

(%) 

89.7 ± 1.4 

HPLC Analysis of Pure Cisplatin 
The HPLC chromatogram of pure cisplatin showed 
a sharp and symmetrical peak at a retention time of 
4.2347 min with detection at 310 nm, confirming 
the identity and purity of the drug without 
interference from impurities or degradation 
products. 

 
Figure 18: HPLC chromatogram of pure 
cisplatin showing a characteristic peak at a 
retention time of 4.2347 min detected at 310 nm. 
HPLC Analysis of Optimized Cisplatin 
Nanocrystals 
The HPLC chromatogram of the optimized 
cisplatin nanocrystals exhibited a well-defined peak 
at the same retention time (4.2347 min) as the pure 
drug, confirming successful drug incorporation 

without chromatographic interference from 
formulation excipients. 

 
Figure 19: HPLC chromatogram of optimized 
cisplatin nanocrystals showing a characteristic 
drug peak at a retention time of 4.2347 min 
detected at 310 nm. 
CONCLUSION: 
The present study successfully developed and 
optimized cisplatin nanocrystals using a Quality by 
Design (QbD) approach combined with anti-
solvent precipitation and high-pressure 
homogenization. Preformulation studies confirmed 
the poor aqueous solubility and low permeability of 
cisplatin, supporting the need for a nanocrystal-
based formulation strategy. Optimization using the 
Box–Behnken Design identified the critical 
formulation and process variables influencing 
particle size, polydispersity index, zeta potential, 
and drug content. The optimized nanocrystal 
formulation demonstrated a marked reduction in 
particle size with a narrow size distribution and 
excellent colloidal stability. Solid-state 
characterization by XRD, DSC, and TGA 
confirmed reduced crystallinity while maintaining 
adequate thermal stability. The formulation also 
exhibited high drug content and encapsulation 
efficiency, indicating efficient drug incorporation 
with minimal processing loss. The validated 
analytical method further confirmed reliable and 
reproducible quantification of cisplatin. Overall, 
the developed nanocrystal formulation provides a 
robust and reproducible platform for improving the 
physicochemical characteristics of cisplatin. The 
enhanced particle characteristics achieved through 
QbD-driven optimization are expected to contribute 
to improved dissolution behavior and 
pharmaceutical performance. These findings 
support the potential application of nanocrystal 
technology for the delivery of poorly soluble BCS 
Class IV anticancer drugs and provide a strong 
basis for subsequent in vitro dissolution, 
permeability, and anticancer evaluation. 
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