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ABSTRACT

Non-small cell lung cancer (NSCLC) treatment is often limited by the poor aqueous solubility and systemic side effects of
Erlotinib, an EGFR inhibitor. To overcome these challenges, this study explores the use of B-Cyclodextrin (BCD), a natural
polymer, for the development of biodegradable polymeric nanoparticles to enhance drug solubility, bioavailability, and
therapeutic efficacy. Erlotinib-loaded BCD-based nanoparticles were formulated using High-Pressure Homogenization
(HPH) and characterized for particle size, polydispersity index (PDI), zeta potential, drug encapsulation efficiency, and in
vitro drug release kinetics. Additionally, their cytotoxicity against NSCLC cell lines, biocompatibility, and pharmacokinetic
behavior were evaluated. The optimized formulation (Batch B10) demonstrated high drug encapsulation efficiency,
controlled and sustained release, and enhanced solubility due to the inclusion of BCD. The nanoparticles exhibited suitable
physicochemical properties for targeted delivery, with improved stability and dissolution behavior. In vivo pharmacokinetic
studies confirmed a significant increase in bioavailability, with Batch B10 showing superior systemic absorption compared
to pure Erlotinib. The study confirms that BCD, a natural polymer, plays a crucial role in enhancing Erlotinib solubility,
bioavailability, and therapeutic effectiveness. The optimized BCD-based nanoparticles offer a promising strategy for
improving NSCLC treatment while potentially reducing dose-related side effects.

Keywords: Non-small cell lung cancer, Erlotinib, f-Cyclodextrin, biodegradable nanoparticles, targeted drug delivery,
bioavailability, controlled release.

1. INTRODUCTION

A major challenge in the development of novel drug delivery systems is ensuring the stability of the formulation. Many
drugs, particularly those classified under BCS Class 11, exhibit low solubility, which limits their bioavailability. This issue
can be effectively addressed using biodegradable polymeric nanoparticles, a promising approach in modern pharmaceutical
research. According to recent literature, biodegradable polymeric nanoparticles offer greater stability and cost-effectiveness
compared to other nanoparticle formulations. Their application in cancer drug delivery has been extensively explored due to
their ability to enhance drug solubility and controlled release. Erlotinib, a potent anticancer drug, is an ideal candidate for
this approach. Its incorporation into biodegradable polymeric nanoparticles can improve its therapeutic efficacy, making it a
suitable choice for the present study. [1]

Cancer remains a leading cause of mortality worldwide, characterized by uncontrolled cell proliferation, invasion, and
metastasis. Despite advancements in conventional therapies such as surgery, radiation, and chemotherapy, significant
challenges persist, including poor drug solubility, off-target toxicity, and multidrug resistance. These limitations necessitate
the development of Nnovel drug delivery systems to enhance therapeutic efficacy while minimizing systemic side
effects. Cancer starts when the cells start growing rapidly and crowding of cells occur which is more than the normal cells.
There are different causes of cancer and there exists various kinds of cancer which depend on the kind of tissue and the
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primary site of the cancer. Lung Cancer seems to be a most unique type of cancer as the most important etiologic agent is
nothing but a very addictive product which is produced and promoted by the industry itself. Itisseenand proventhat Cigarette
smoking is the most frequent cause of lung cancer. A projected 238,340 individuals (120,790 women and 117,550 men) will
receive a lung cancer diagnosis in 2023, and 127,070 of them will pass away from the illness. Globally,>1.5 million people
die with lung cancer annually. In light of the American Cancer Society's estimations for lung cancer Based on data from 2020,
the United States has around 228,820 new cases of lung cancer and 135,720 lung cancer-related deaths. The United States is
expected to have 2,001,140 new cases of cancer and 611,720 cancer-related deaths in 2024. [2]

Nanoparticles (NPs) are particles between 1 to 100 nm in size used as to change, improve pharmacokinetic and
pharmacodynamics properties of drug molecules. Due to their small sizes, the nanostructures exhibit unique
physicochemical and biological properties that make them a favorable material for biomedical applications. NPs
formation systems are useful for improving drug solubility, stability, absorption and bioavailability. While convert
in NPs decrease in size of particles which increases surface area of particles and this in turn increases the dissolution rate by
the Noyes Whitney equation. Preparation of NPs by various methods which are solvent evaporation technique, nano-
precipitation technique, solvent diffusion technique dialysis technique, high pressure homogenization technique
(HPH).[3]

This project involves a comprehensive investigation into the selection, formulation, characterization, and optimization of
polymeric nanoparticles to enhance drug delivery and therapeutic efficacy. The initial phase focuses on identifying suitable
biodegradable polymers by evaluating their biocompatibility, drug loading capacity, and controlled release properties. By
analyzing different polymers, the objective is to determine the most effective candidates for encapsulating Erlotinib. The
formulation process employs techniques such as nanoprecipitation, emulsification, and solvent evaporation, aiming to
optimize key parameters like particle size, drug encapsulation efficiency, and nanoparticle stability. By systematically
investigating these aspects, this project aims to advance nanomedicine-based strategies for NSCLC therapy. The ultimate
goal is to improve patient outcomes, enhance drug efficacy, and minimize side effects, thereby contributing to the evolution
of targeted cancer treatments. The integration of biodegradable polymeric nanoparticles into clinical applications holds
promise for revolutionizing lung cancer therapy by offering a more effective, patient-friendly approach to treatment. [4]

2. METHODOLOGY
2.1 Materials

The kind donation of Erlotinib came from Sakar Healthcare Ltd., Gujarat. While PLGA was purchased from Ashl and
Specialties Irel and Ltd., Ireland, B — cyclodextrin and Poloxamer407 was purchased from Fine Chemical, Mumbai. Mumbai-
based Fine Chemical, Mumbai provided Methanol and Acetone high purity and analytical grade were guaranteed for all other
compounds utilized in the investigation.

2.2 Experimental Design

A 32 Box-Behnken Design (BBD) was employed to evaluate the combined effect of two key formulation variables, each at
three levels, resulting in 15 different formulations of Erlotinib-loaded polymeric nanoparticles. The Drug: B-
cyclodextrin batch was specifically chosen for this study due to its smaller particle size (Z-average: 111.1 nm, PDI:
0.239), which enhances the potential for optimization through statistical modeling. The independent variables selected were
Drug quantity (X1), B-cyclodextrin (Xz), and HPH cycle (Xs), while the dependent response variables included Particle
Size (Y1) and Entrapment Efficiency (Y2). The application of high-pressure homogenization (HPH), previously
identified as the most effective nanoparticle preparation method, ensured uniform and stable nanoparticle dispersion,
making the Drug: B-cyclodextrin batch ideal for further DOE-based optimization to refine formulation parameters. The 15
formulations were prepared and analyzed, and the resulting data were processed using Design Expert software (Tech
Expert 13, Stat-Ease). Analysis of Variance (ANOVA) was conducted to validate the experimental design. The generated
polynomial equations allowed for interpretation based on the magnitude and sign of the coefficients, facilitating an
understanding of the influence of each independent variable on the responses.

2.2.1 Generation of polynomial equations

We performed various computations in the context of our present optimization study utilizing Response Surface
Methodology (RSM) and Design Expert software Trial version 11.0. Using a Multiple Linear Regression Analysis (MLRA)
technique, we created polynomial models that included interactions for all of the response variables.

2.2.2 Statistical analysis of data

To analyses the impact of independent factors on answers, we used statistical analytical methods, specifically analytical of
Variance (ANOVA) in Design Expert software (version 11.0). The threshold for statistical significance was set at p>0.05.

2.2.3 Generation of 3D response surface plots
To visualize the responses we measured, we created three-dimensional plots that illustrate how the response surface changes.
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These plots are valuable tools for examining how two factors simultaneously affect a response. They provide a graphical
representation of how independent variables influence the responses. [5]

2.2.4  Formulation of Nanoparticles
High-Pressure Homogenization (HPH) -

The polymer was dissolved in an appropriate organic solvent and emulsified into an aqueous surfactant solution under
continuous stirring. The resulting emulsion was then subjected to high-pressure homogenization using the GEA NIRO
SOAVI Panda Plus under controlled pressure cycles to reduce droplet size and improve nanoparticle uniformity. The
processed emulsion was then evaporated under reduced pressure to remove the organic solvent. The composition of
formulation are shown in the table 9. [6, 7]

3. CHARACTERIZATION OF NANOPARTICLES

3.1 Entrapment Efficiency

The entrapment efficiency of Erlotinib-loaded B-Cyclodextrin and Poloxamer nanoparticles was determined using the
centrifugation method. The nanoparticle suspensions were transferred into centrifuge tubes and centrifuged at 8,000 rpm for
30 minutes at room temperature to separate the free drug from the encapsulated drug. The supernatant was collected and
suitably diluted with methanol. [8] The concentration of the unencapsulated drug was quantified using UV-Visible
spectroscopy at 244 nm. The Entrapment efficiency was calculated by using the formula,

% Entrapment ef ficiency
= Total amount of drug — Drug in supernatant /Total amount of drug x 100

3.2 Particle Size and Polydispersity Index

The mean particle size and size distribution of g-Cyclodextrin and Poloxamer nanoparticles were analyzed using Dynamic
Light Scattering (DLS) with a Zetasizer (Nano ZS, Malvern Instruments, UK). Samples were diluted with distilled water
and measured at 25°C to determine the mean particle size, polydispersity index (PDI), and distribution profile.[9]

3.3 Zeta Potential

The zeta potential of Erlotinib-loaded p-Cyclodextrin and Poloxamer nanoparticles was determined using a Zetasizer
(Nano ZS, Malvern Instruments, UK) to evaluate the surface charge and stability of the nanoparticle dispersions. The
analysis was performed at 25°C in distilled water to measure electrostatic potential. [10]

4. LYOPHILIZATION OF OPTIMIZED BATCH

The optimized batch of Erlotinib-loaded polymeric nanoparticles was lyophilized using a Virtis Freeze Dryer (USA) to
enhance its shelf life and evaluate its dissolution behavior. To prevent nanoparticle aggregation during the freeze-drying
process, 1% w/v mannitol was added as a cryoprotectant. The optimized nanoparticle suspension was pre-frozen at -70°C
overnight in a deep freezer to ensure uniform freezing. The frozen sample was then subjected to lyophilization in a Virtis
freeze dryer under vacuum conditions of 2 millitorr at -50°C for 48 hours. The resulting lyophilized powder was collected
and stored in an airtight container for further characterization and dissolution studies. This lyophilization process ensures
long-term stability, ease of handling, and improved reconstitution properties of the optimized nanoparticle formulation.
[11, 12]

5. EVALUATION OF OPTIMIZED LYOPHILIZED BATCH
5.1 Percentage Yield:-

The percentage yield of the optimized lyophilized batch was determined to evaluate the efficiency of the nanoparticle
formulation process. The freeze-dried nanoparticles were carefully collected and weighed. [13] The percentage yield was
calculated using the following formula:

Percentage Yield = (Practical Yield/ Theoretical Yield) x 100
5.2 Drug Content-

The drug content of the optimized batch was analyzed by dissolving a known amount of lyophilized nanoparticles in
methanol and measuring the absorbance at 244 nm using UV-Visible Spectrophotometry. The concentration of Erlotinib
was determined using a pre-established calibration curve, and the drug content was expressed as a percentage of the
theoretical drug amount. [14]

Drug Content (%) = (Actual Drug Content/Theoretical Drug Content) x 100
5.3 Saturation Solubility -

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 617



Sonali Gurav, Dr. Anshu Sharma, Sunita Shinde, Raju Rathod

The saturation solubility of the optimized lyophilized batch was evaluated in distilled water and phosphate buffer pH 7.4
using the mechanical shaker method. A known quantity of nanoparticles was dispersed in 10 mL of each solvent and
shaken at 37°C for 24 hours. The samples were centrifuged, filtered, and analyzed using UV-Visible Spectrophotometry
at 244 nm to determine the solubility of Erlotinib. [15]

5.4 Fourier Transform Infrared Spectroscopy (FTIR):

The chemical integrity and potential interactions of the optimized lyophilized formulation were evaluated using Fourier
Transform Infrared Spectroscopy (FTIR). The FTIR spectra were recorded using FTIR (Cary-630, Agilent Technology)
over the wavenumber range of 4000-400 cm™. The absorption spectra were analyzed to identify functional groups and detect
any possible interactions between the drug and excipients. The observed peaks were compared with reference spectra to
confirm the formulation’s stability and purity. [16]

5.5 Powder X-Ray Diffraction (PXRD) Analysis:

Powder X-ray diffractometry (PXRD) is a vital analytical technique used to assess the crystallinity of pharmaceutical
formulations. It helps in detecting crystalline phase constituents and identifying any structural modifications that may affect
the drug’s stability and therapeutic efficacy. The PXRD analysis was conducted on the optimized lyophilized batch to
evaluate changes in crystallinity following nanoparticle formulation. The X-ray diffraction patterns of pure Erlotinib and
its polymeric nanoparticle suspension were recorded using an X'Pert PRO MPD diffractometer (PANalytical,
Netherlands). The system was equipped with a 2.2 kW copper anode as the X-ray source, and data acquisition was
performed using a LynxEye detector. A Ni filter was employed to refine the diffraction pattern. The obtained diffractograms
were analyzed to compare the crystallinity of the pure drug and the formulated nanoparticles, assessing the impact of the
nanoparticle formulation process. [17, 18]

5.6 Differential Scanning Calorimetry (DSC) Study:

Differential Scanning Calorimetry (DSC) is a crucial analytical technique used in the pharmaceutical industry to assess the
thermal properties, purity, crystallinity, stability, and compatibility of drug substances and excipients. It provides essential
information about melting behavior, glass transition temperature, and possible drug-excipient interactions, which can
significantly influence the formulation's performance and stability. For this study, DSC analysis of the optimized batch was
carried out using a Shimadzu DSC-60 system with TDA Trend Line software (Shimadzu Corporation, Japan). The thermal
behavior of pure Erlotinib and its polymeric nanoparticles was evaluated by heating the samples at a controlled rate of
10°C/min under a nitrogen atmosphere to prevent oxidative degradation. The thermograms obtained were analyzed to detect
changes in crystallinity, confirm successful drug entrapment within the polymeric matrix, and assess any thermal transitions
that could impact formulation stability. Although a minimum purity of 98% is required for DSC measurements, this technique
alone is not sufficient to determine purity but serves as a valuable complementary method for comprehensive thermal
characterization. The findings from DSC analysis provide critical insights into the physicochemical stability and structural
integrity of the optimized polymeric nanoparticle formulation, ensuring its suitability for further pharmaceutical applications.
[19, 20]

5.7 Scanning Electron Microscopy (SEM) Analysis:

The morphological characteristics, surface topology, and particle size distribution of the optimized Erlotinib-loaded
polymeric nanoparticles were examined using Scanning Electron Microscopy (SEM) (Model INC Awave). This technique
provides high-resolution imaging to evaluate the shape, surface smoothness, and aggregation tendency of nanoparticles,
which are critical parameters influencing drug delivery efficiency. For SEM analysis, the nanoparticle samples were carefully
mounted on a rigid bronze specimen holder, known as a specimen stub, using a double-sided adhesive carbon tape to ensure
stability during imaging. To enhance electron conductivity and prevent surface charging, the samples were coated with an
ultrathin layer of gold using a sputter coater under low vacuum conditions or by high-vacuum evaporation. This gold coating
ensures clear imaging and accurate visualization of nanoparticle surface morphology under the electron beam.[20]

5.8 In-Vivo Study of optimized batch -

The pharmacokinetics of Erlotinib and optimized batch B10 were evaluated in a fasted SD rat model. Animals Albino rat
(Wistar strain) (SD) rats) of 200-250 g were obtained in Biocytes lab Sangli, Maharashtra India. The study protocol was
approved by the Institutional Animal Ethics Committee (IAEC), National Institute of Pharmaceutical Education and
Research (NIPER), S.A.S Nagar, India. The animals were maintained at 25 + 2°C and 50-60% relative humidity under
natural light/dark conditions for one week before the experiment. Rats were divided into two groups (n = 5). A dose of 10
mg/kg dose of Erlotinib was orally administered to one group while the other group received optimized batch B10 equivalent
to 10 mg/kg of Erlotinib. The animals were fasted overnight (at least 8 h before dosing). The individual dose was calculated
based on body weights measured on the day of drug administration. Blood samples were collected via retro-orbital
venipuncture into heparinized tubes at regular time interval for upto 24 h. Blood samples were centrifuged at 10,000 rpm for
10 min. The plasma samples were collected and stored at =20 °C until analyzed.
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The plasma samples were analyzed for Erlotinib concentrations using in-housed developed and validated reverse phase
HPLC method.

The study will involve male albino rats of the Wistar strain, aged 6-8 weeks and weighing between 200-250 grams. A total
of 10 rats will be used, with a yearly breakdown of usage and total figures provided in tabular form as per the requirements.
The rats will be housed for a duration according to the specific needs of the study. For the injections schedule, the substance
will be administered orally at a dose of 10 mg/kg, once per day. Blood samples will be withdrawn through the retro-orbital
route, with a volume of 1-2 ml per animal. [21, 22]

6. RESULTS AND DISCUSSION

6.1 Data Optimization:
Data Analysis:

The three levels and two Box Behnken designs have effective approaches for determining variables at limited numbers of
trials runs with different levels (Table 8.12). The particle size and Entrapment Efficiency are total numbers of 15 batches
showed extensive variations from 169.6 to 290.6 nm and 65 to 82 % respectively. [23]

Effect of formulation variables:

Response 1: Particle Size

The full model statistical analysis showed in Table 1 and shows that the independent variables have a considerable impact
on the responses.

Analysis of Variance (ANOVA), pure error, lack of fit and fit statistics:

Table 1:- Sources and R value

“Source Sequential Adjusted Predicted
P- value R R

Linear 0.0202 0.4602 0.0776

2 FI 0.4059 0.5078 -1.1188

Quadratic 0.4039 0.5078 -2.0623”

Table 2:- ANOVA for 2FI

“Source Sum of squares Df Mean square F- value P- value”
Model 1.607E+05 3 53554.9 4.98 0.0202
A-Drug 9449.48 1 9449.48 0.8785 0.3687
B-B 40896.02 1 48896.02 3.80 0.0771
HPH cycle 1.103E+05 1 1.103E+05 10.26 0.0084
Residual 1.183E+05 1 10756.40 - -
C or total 2.790E+05 14 - - -

The Model F-value of 4.98 implies the model is significant. There is only a 2.98% chance that an F-value this large could
occur due to noise. P-values less than 0.0500 indicate model terms are significant. In this case B, AC is significant model
terms. Values greater than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms
(not counting those required to support hierarchy), model reduction may improve your model. The Lack of Fit F-value of
0.03 implies the Lack of Fit is not significant relative to the pure error. There is a 99.93% chance that a Lack of Fit F-value
this large could occur due to noise. Non-significant lack of fit is good - we want the model to fit. Fit Statistics for Particle
Size. [24, 25]
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Table 3:- Fit Statistics for Particle size

Std. Dev. 103.71 R? 0.5759
Mean 217.87 Adjusted R? 0.4602
CV.% 47.60 Predicted R? 0.0776

- Adeq Precision 7.2296

The Predicted R2 of 0.0776 is in reasonable agreement with the Adjusted R2 of 0.4602; i.e. the difference is less than 0.2
Adeg. Precision measures the signal to noise ratio. A ratio greater than 4 is desirable. [26] Your ratio of 7.220 indicates an
adequate signal. This model can be used to navigate the design space.

Table 4:- Particle size ratio

Particle size =+210.07
-30.74 A
-.63.95 B
-87.75 Cc

Predictions can be made regarding the reaction to different levels of each ingredient by utilizing an equation that is
represented in terms of the coded factors. Typically, the factors with high levels are given a value of +1, while the factors
with low levels are given a value of -1. The relative impact of the components can be determined by comparing the factor
coefficients, which is a valuable application of the coded equation. [27]

Contour Plots and 3D Surface Analysis:

Two-dimensional contour plots and three-dimensional response surface plots are presented in figures 1& 2 which are very
useful to study the interaction effects of the factors on the responses. These categories of plots are helpful in simultaneously
observing the effect of two variables on these responses. [28]

') o .
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Figure 1:- Contour Plots for Particle Size of Polymeric Nanoparticles Formulation
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Figure 2:- 3 D Surface for Particle Size of Polymeric Nanoparticles Formulation

» Response 2: Entrapment efficiency
Analysis of Variance (ANOVA), pure error, lack of fit and fit statistics:

Table 5:- Sources and R values

e Source e  Sequential e Adjusted e Predicted
e  P-value * R? * R?

e Linear e 0.0166 o 0.4802 e 0.1938

e 2FI e 0.2341 o 0.5685 o -0.2362

e Quadratic e 0.2980 e 0.6593 e -0.459

Table 6:- ANOVA for Linear model of Entrapment Efficiency

Source Sum of squares df Mean square F- value P- value
Model 1127.15 3 375.72 5.31 0.0166
A-Drug 44.10 1 44.10 0.6234 0.4465
B-B 1081.60 1 1081.60 15.29 0.0024
HPH cycle 1.45 1 1.45 0.0205 0.8877
Residual 778.18 11 70.74 - -
C or total 1905.33 14 - - -

The Model F-value of 5.31 implies the model is significant. There is only a 1.66 % chance that an F-value this large could
occur due to noise. P-values less than 0.0500 indicate model terms are significant. In this case B is a significant model term.
Values greater than 0.1000 indicate it may be concluded that terms are not significant. If there are many insignificant model
terms (not counting those required to support hierarchy), model reduction may improve your model. The Lack of Fit F-value
of 0.05 implies the Lack of Fit is not significant relative to the pure error. There is a 99.96% chance that a Lack of Fit F-

value this large could occur due to noise. Non-significant lack of fit is good we want the model to fit. [29, 30, 31]
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Table 7:- Fit Statistics for Entrapment Efficiency

Std. Dev. 8.41 R? 0.5916
Mean 65.33 Adjusted R? 0.4802
C.V% 12.87 Predicted R? 0.1938
- - Adeq Precision 5.9023

The Predicted R? of 0.1938 is in reasonable agreement with the Adjusted R? of 0.4802; i.e. the difference is less than 0.2.
Adeqg. Precision measures the signal to noise ratio. A ratio greater than 4 is desirable. Your ratio of 5.902 indicates an
adequate signal. This model can be used to navigate the design space. [32, 33]

Table 8:- Particle size ratio

Entrapment efficiency =65.31
+210 A
+10.40 B
-31.80 C

Due to the fact that the equation is described in terms of coded factors, it is not difficult to make predictions regarding the
result for certain concentrations of their respective components. According to the coding method that is used by default, a
value of +1 indicates that the factors are present in high levels, whilst a value of -1 indicates that the factors are present in
low levels.[34] One of the most helpful tools for assessing the relative influence of the components is the coded equation,
which is derived by comparing the coefficients of the various components. This makes the coded equation a very valuable

tool. [35]

Contour Plots and 3D Surface Analysis:
Two-dimensional contour plots and three-dimensional response surface plots are presented in figures 3 & 4, which are

Factor Coding: Actual

Entrapment effficiency (%)

X1=A
X2=8

Actual Factor
Cc=85

Entrapmen{e.fﬁiciency (%)

634

A: Drug (mg)

Figure 3:- Contour Plots for% EE of Polymeric Nanoparticles Formulation
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Factor Coding: Actual 3D Surface

Entrapment effficiency (%)
Design Points

@ Abowe

X1=A
X2=8

Actual Factor
c=85

Entrapment effficiency (%

Figure 4:- 3D Surface for Entrapment Efficiency of Polymeric Nanoparticles Formulation

Generation of Polynomial equations
The statistical model generated interactive polynomial terms for each response, equations are as follows:

Y=B0 +p1 A+B2 B+p3 AB+p4 A2 +§5 B 2

Where, Y is the independent variable, 0 is the arithmetic mean response of the 15 runs and B1 is the estimated co-efficient
for the factor A. the principal effects of the volume of A and B signifies the average result when the factors were change
done at a time from their lower to higher values. The interaction terms (AB) showed how the response changes when two
factors are concurrently changed. The data obtained from DoE strongly signifies that particle size and % EE are dependent
on the selected independent variables. Conclusions can be drawn- from the following polynomial equations depending on
the statistical markit carries that is a positive and negative sign, indicating synergistic and antagonistic effects. [38, 39]

Y1 (Particle Size nm) = +210.07 —30.74 A-63.95B —-87.75C
Y2 (Entrapment Efficiency %) = +65.31 + 2.10 A+ 10.40 B - 0.3180 C

6.2 Entrapment Efficiency

Results indicate that the response value of the decided variables for the study is completely changed. This is also affected by
the spacious area of coefficient value soft polynomial equation terms for Y1.X1 and X2’ s major outcomes describe the or
denary result of growing one variable from its low to its high level. The terms of communication (X1, X2, X1X2, X12, X22,
and X32) designate how, as remaining variables are changed concurrently, the response changes of the 15 samples, the
particle size (Y1) and EE%(Y2) values displayed a large range from 169.6 to 290.6 nm and 65 to 82 %, individually, showing
clearly that the Y1 & Y2 values are highly influenced by the variables chosen for the test. The broad varieties of values for
the coefficients of the terms in equations often illustrate this. X1 and X2’skey effects reflect the average outcome of shift in
gone variable at a time from it slow to its high. The full model statistical analysis showed in Table 9 and shows that the
independent variables have a considerable impact on the responses.[40, 41]

Table 9:- Batches for Design Expert in actual terms

FACTOR 1 | FACTOR 21 tAcTOR 3 | RESPONSE 1| RESPONSE 2
STD | RUN |DRUG b rodextrin | HPH PARTICLE | ENTRAPMENT
(MG) o) CYCLE  [SIZE(NM) | EFFICIEN CY (%)
7 |1 5 10 10 169.6 65%
14 |2 75 5 85 176.3 62%
4+ |3 10 75 7 2138 61%
2 |4 10 5 7 159.4 69%
E 5 75 5 222.9 50%
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3 6 7.5 10 10 128.7 70%
9 7 10 5 10 103.8 67%
8 8 5 5 8.5 143.3 75%
10 9 5 10 7 141.7 40%
14 10 5 7.5 10 99.4 82%
6 11 7.5 5 7 143.3 68%
13 12 10 5 8.5 141.3 71%
5 13 5 10 5 131.8 53%
11 14 7.5 5 10 334.7 55%
12 15 10 10 8.5 290.6 74%

6.3 Particle Size and PDI:

Particle size analysis revealed that the Drug: B-cyclodextrin batch exhibited a Z-average of 111.1 nm with a PDI of 0.239,
while the Drug: PLGA batch showed a Z-average of 338.1 nm with a PDI of 0.278, indicating that both formulations
achieved nanoparticle dispersion with acceptable stability. The Drug: B-cyclodextrin batch was chosen for the Design of
Experiments (DOE) due to its smaller particle size, which allows for better optimization of formulation parameters and
process variables to enhance nanoparticle characteristics are shown in the fig.5 On the other hand, the Drug: PLGA batch
was selected for lyophilization because PLGA-based nanoparticles exhibit superior structural integrity and stability
during freeze-drying, making them suitable for long-term storage and pharmaceutical applications. These findings highlight
the significance of high-pressure homogenization (HPH) in achieving stable nanoparticle formulations while allowing for
tailored optimization based on the intended application.[42,43]
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Figure 5:- Particle size of optimized Batch (B10)

6.4 Zeta Potential

The zeta potential of a particle is the overall charge that the particle acquires sin a particular medium. It is used to predict the
particle-particle interaction. The Polymeric nanoparticles possessing a zeta potential <-30 and >+30 mV is generally
considered as stable. [44] The zeta potential values of the polymeric nanoparticles were within the range indicating that the
colloidal nanosuspension is stable. Figure 6 showed the zeta potential analysis of ERN Loaded Polymeric nanoparticles with
zeta potential about -24.7mV, (Optimizes batch B10) polymeric nanoparticles were negatively charged. [45]
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Table 10:- Zeta Potential of Optimized Batch
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Figure 6:- Optimized Batch B10 of Zeta potential

6.5 Percentage Yield:

The percentage yield of the nanoparticulate solid formulation was calculated using the previously described formula. The
obtained yield values for different batches after lyophilization are presented in Table 11.

Table 11:-Percentage Yield of Erlotinib Nanoparticles Solid Formulation

Sr. No. Batch Code Practical Yield Percentage Yield
1. B10(Erlotinib:B-CD) 340.6 mg 86.60%
2. A3 (Erlotinib:PLGA) 323.61 mg 82.26%

The yield of nanoparticle formulations was observed to be in the range of 82.26% to 86.60%, indicating a relatively high
recovery of solid nanoparticles after lyophilization. Batch B10 exhibited the highest yield (86.60%0), while Batch A3 had a
slightly lower yield (82.26%6). The variation in yield can be attributed to differences in polymer concentration, drug-
polymer interaction, and process parameters such as high-pressure homogenization efficiency and lyophilization
conditions. The presence of excipients, including cryoprotectants (e.g., mannitol or trehalose), may have influenced the final
recovery of nanoparticles in their solid form. [46] A high yield percentage suggests efficient formulation processing and
minimal loss of product during preparation and lyophilization. However, a slight reduction in yield for Batch A3 might be
due to agglomeration or adhesion of nanoparticles to the container walls during drying. Optimizing the lyophilization
cycle and formulation composition can further enhance the yield and maintain consistency in large-scale production. After
this study, Batch B10 that is B-cyclodextrin demonstrated better results in terms of yield, suggesting that its formulation
and process parameters were more suitable for achieving high recovery and stability of Erlotinib nanoparticles. Thus, the
obtained yield values confirm the feasibility of lyophilization as a suitable technique for producing stable Erlotinib-
loaded nanoparticles in solid form, which can be further used for characterization and therapeutic application. [47, 48]

6.6 Drug Content:

The percentage drug content of Erlotinib-loaded nanoparticulate formulations in solid form was determined using UV-
visible spectroscopy, following the previously described methodology. [49, 50] The results obtained for different batches
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after lyophilization are summarized in Table 12.

Table 12:- Percentage Drug Content of Nanoparticle Solid Formulation

Sr. No. Batch Code % Drug Content
11 B10(Erlotinib:B-CD) 98.52%
2.2 A3 (Erlotinib:PLGA) 82.77%

The drug content of the formulations was found to be in the range of 82.77% to 98.52%, indicating efficient drug loading
within the polymeric matrix. Batch B10 demonstrated the highest drug content (98.52%), while Batch A3 exhibited relatively
lower drug content (82.77%). The difference in drug content between the two batches may be attributed to drug-polymer
interactions, entrapment efficiency, and process variables during nanoparticle preparation. The higher drug content in
Batch B10 suggests that the selected polymer ratio and high-pressure homogenization process facilitated effective drug
encapsulation and minimal drug loss. [51] On the other hand, the lower drug content in Batch A3 could be due to partial
drug degradation, inadequate polymeric entrapment, or diffusion losses during lyophilization. A drug content of
98.52% in Batch B10 confirms excellent encapsulation efficiency and minimal drug loss, making it a promising
formulation for further characterization and in vivo studies. Meanwhile, the lower drug content observed in Batch A3
suggests the need for optimization of process parameters, including polymer concentration, stirring speed, and
homogenization pressure, to enhance drug entrapment and minimize drug loss. After this study, it is evident that Batch
B10 exhibited superior drug loading efficiency compared to Batch A3, indicating that its formulation composition and
processing parameters were optimal for achieving high drug content. These findings reinforce the suitability of high-
pressure homogenization followed by lyophilization for developing stable, drug-loaded polymeric nanoparticles with
enhanced encapsulation efficiency. [52, 53] Further studies, including in vitro drug release and stability testing, are
necessary to evaluate the long-term performance of the optimized formulation.

6.7 Saturation Solubility Study:

Saturation solubility is a key parameter influencing drug dissolution, absorption, and bioavailability. Poor aqueous
solubility limits the therapeutic efficacy of Erlotinib, necessitating formulation strategies to enhance its solubility. [54, 55]
In this study, the saturation solubility of lyophilized Erlotinib nanoparticles (solid powder) was evaluated in distilled
water and phosphate buffer (pH 7.4) using the mechanical shaker method. The results are summarized in Table 13.

Table 13:-Saturation Solubility of Lyophilized Erlotinib Nanoparticles in Different Solvents

Solubility (ug/ml)

0.0684 +0.005

Mean%S.D.,n=3

The solubility study of lyophilized Erlotinib nanoparticles demonstrated that the formulation retained its solid-state
stability while maintaining solubility in aqueous media. Although the absolute solubility values remained low, the
lyophilization process successfully preserved the nanoparticle integrity, ensuring better dispensability and
reconstitution potential upon administration. Compared to the pure drug, the nanoparticle formulation offers significant
advantages in terms of improved surface area and better wettability, which are expected to contribute to enhanced
dissolution and absorption in biological fluids. The formation of a nanoparticulate system inherently helps in overcoming
some solubility challenges by reducing particle size, thereby facilitating greater interaction with the dissolution medium.
Furthermore, the nanoparticulate solid formulation provides a stable and scalable approach for further pharmaceutical
development. The fine particulate nature of the lyophilized powder ensures ease of formulation into various dosage forms,
including oral dispersions and capsules, making it a promising strategy for enhancing the bioavailability of Erlotinib. [56,
57]

6.0 Fourier Transform Infrared Spectroscopy (FTIR) Study:

FTIR spectroscopy was employed to analyze the molecular interactions between Erlotinib, polymeric excipients (PLGA and
B-cyclodextrin), and the optimized nanoparticle formulation. The FTIR spectra of pure Erlotinib, the physical mixture (ERN
+ PLGA + B-cyclodextrin), and the optimized batch B10 were recorded and analyzed for characteristic functional group
peaks. The spectra were obtained using a Bruker FTIR spectrophotometer in the wave number range of 4000-400 cm™.
[58]

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 15s
pg. 626



Sonali Gurav, Dr. Anshu Sharma, Sunita Shinde, Raju Rathod

FTIR Spectrum of Pure Erlotinib:

The FTIR spectrum of pure Erlotinib showed distinct characteristic absorption bands corresponding to its functional
groups,O-H stretching vibration at 3177 em™, indicating the presence of hydroxyl (-OH) groups and C-N stretching
vibration at 1162 cm™, confirming the presence of amine (-C-N) functional groups. These peaks serve as reference bands
to determine any potential interactions between Erlotinib and the excipients in the nanoparticulate formulation. The physical
mixture of Erlotinib with PLGA and B exhibited shifts in characteristic peaks, indicating the presence of intermolecular
interactions but without significant changes in functional group integrity. The O-H stretching peak was observed at 3271.38
cm™, slightly shifted from 3177 em™ in pure Erlotinib. This shift suggests hydrogen bonding interactions between Erlotinib
and the excipients (PLGA and B). The C-N stretching peak appeared at 1277.10 cm™, indicating the amine (-C-N) functional
group is still present but with medium intensity compared to pure Erlotinib. These observations suggest that Erlotinib remains
chemically stable in the physical mixture, with no significant degradation or loss of its primary functional groups. The
observed shifts in peak positions suggest molecular interactions, likely due to hydrogen bonding between the drug and
excipients. The FTIR spectrum of the optimized batch B10 showed further shifts in the characteristic peaks, which indicate
successful entrapment of Erlotinib within the polymeric nanoparticles such as the O-H stretching peak was observed at 3273
cm™, with an increased intensity compared to the physical mixture. This suggests stronger hydrogen bonding interactions,
likely due to encapsulation and stabilization of Erlotinib within the nanoparticle matrix. The C-N stretching peak appeared
at 1289 cm™, slightly shifted from both the pure drug and physical mixture, with stronger intensity. This shift suggests that
Erlotinib remains chemically intact but is in a different molecular environment within the nanoparticles. The presence of the
characteristic O-H and C-N peaks in the physical mixture and optimized batch B10 confirms that Erlotinib has not
undergone significant chemical modifications or degradation during the nanoparticle formulation process. The slight shifts
in peak positions and changes in intensity suggest strong hydrogen bonding interactions between Erlotinib and the
excipients (PLGA and B-cyclodextrin), which may contribute to enhanced drug stability and encapsulation efficiency. The
increase in peak intensity in batch B10 compared to the physical mixture implies better dispersion of the drug within the
nanoparticle matrix, further confirming the successful entrapment of Erlotinib within the polymeric carrier system. FTIR
analysis confirms that Erlotinib retains its structural integrity within polymeric nanoparticles, with observed peak shifts
indicating intermolecular hydrogen bonding with PLGA and B-cyclodextrin. These interactions enhance drug stability,
making the formulation suitable for further studies. [59, 60]
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Figure 7:- FTIR of A-Pure Drug (Erlotinib), B-Physical mixture (ERN + PLGA+f-cyclodextrin), C-Polymeric
Nanoparticles Formulations (Batch B10)
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6.9 Powder X-Ray Diffraction (PXRD) Analysis:

X-ray Diffraction (XRD) analysis was performed to evaluate the crystallinity of pure Erlotinib and its optimized polymeric
nanoparticle formulation (Batch B10). XRD provides insights into the structural properties of the drug, including phase
identification, crystalline nature, and molecular dispersion within the polymer matrix. The study was conducted over a
20 range of 5-60° with a scan speed of 0.5°/min. The XRD spectrum of pure Erlotinib exhibited sharp, intense diffraction
peaks, indicating its highly crystalline nature. The presence of distinct peaks at characteristic 20 values confirms the well-
ordered molecular arrangement of Erlotinib in its native state. This result aligns with the DSC thermogram, which showed
a sharp endothermic peak at 228.89°C, further confirming the drug's crystalline nature. The XRD spectrum of the optimized
Erlotinib-PLGA nanoparticle formulation (Batch B10) showed significant loss of sharp diffraction peaks and a
transition toward a broad, diffused halo-like pattern. This transformation suggests a reduction in crystallinity and a shift
towards an amorphous state. A lack of sharp, well-defined peaks, indicating the absence of long-range molecular order.
More diffuse and less intense peaks, suggesting that Erlotinib is molecularly dispersed within the B-cyclodextrin matrix in
an amorphous or partially disordered state. These findings correlate well with the DSC results, where the characteristic
melting peak of Erlotinib at 228.89°C disappeared in the nanoparticulate formulation, confirming the loss of crystallinity.
The absence of sharp peaks in the nanoparticulate formulation (Batch B10) confirms that Erlotinib is entrapped within
the B-cyclodextrin polymeric network in a non-crystalline, amorphous form. The transformation from crystalline to
amorphous form is a desirable characteristic in nanoparticulate drug delivery, as amorphous drugs typically exhibit higher
solubility and improved dissolution rates compared to their crystalline counterparts. The enhanced molecular dispersion
of Erlotinib within the B-cyclodextrin matrix may contribute to sustained drug release, reducing drug recrystallization and
improving bioavailability. The results obtained from the XRD analysis strongly support the findings from DSC studies,
confirming the successful encapsulation of Erlotinib in its amorphous state within polymeric nanoparticles. XRD analysis
confirms the loss of crystalline peaks in the optimized polymeric nanoparticle formulation (Batch B10), suggesting the
transformation of Erlotinib into an amorphous state. This transition enhances drug solubility, bioavailability, and stability
while promoting sustained drug release. The findings correlate well with DSC results, reinforcing the conclusion that
Erlotinib is successfully dispersed within the B-cyclodextrin matrix, making this formulation a promising candidate for
pharmaceutical applications. [61, 62]
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Figure 8:- XRD of pure drug Erlotinib
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Figure 9:- XRD of Polymeric Nanoparticles Formulation Batch (B10)

6.10 Differential Scanning Calorimetry (DSC) study:

Differential Scanning Calorimetry (DSC) was conducted to evaluate the thermal properties of pure Erlotinib and its
polymeric nanoparticle formulation (Batch B10). This study provides insights into the physical state of the drug and potential
interactions with the polymeric carrier (B-cyclodextrin). The DSC thermogram of pure Erlotinib exhibited a sharp
endothermic peak at 228.89°C, corresponding to its melting point. This well-defined peak confirms the crystalline nature
of Erlotinib, indicating its high purity and thermodynamic stability. The DSC thermogram of the optimized Batch B10
(Erlotinib-B-cyclodextrin nanoparticles) showed a broad endothermic peak at 153.58°C, significantly lower than the
melting point of pure Erlotinib. The absence of the sharp melting peak at 228.89°C suggests a transition from the crystalline
to an amorphous state. The shift in endothermic peak temperature and disappearance of the characteristic melting
peak indicate strong molecular interactions between Erlotinib and B-cyclodextrin. These interactions may involve hydrogen
bonding or other intermolecular forces, leading to enhanced drug entrapment. The transformation from crystalline to an
amorphous form is advantageous, as it improves drug solubility, dissolution rate, and bioavailability. The observed
thermal behavior suggests that Erlotinib is effectively dispersed within the p-cyclodextrin matrix, preventing drug
crystallization and contributing to the sustained release properties of the nanoparticulate formulation. DSC analysis
confirms that Erlotinib undergoes a crystalline-to-amorphous transition upon encapsulation in f-cyclodextrin nanoparticles
(Batch B10). The disappearance of its sharp melting peak and the appearance of a lower, broader endothermic peak indicate
strong drug-polymer interactions. This transformation enhances Erlotinib stability, entrapment efficiency, and potential for
controlled drug release, making this formulation a promising candidate for further pharmaceutical applications. [63, 64]
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Figure 11:- DSC of Polymeric Nanoparticles Formulations (Batch B10)

6.11 Scanning Electron Microscopy (SEM) Analysis:

Scanning Electron Microscopy (SEM) was employed to examine the morphology and surface characteristics of pure
Erlotinib and its optimized polymeric nanoparticle formulation (Batch B10). SEM provides crucial insights into particle
size, shape, and surface texture, which are key factors influencing drug solubility, dissolution rate, and bioavailability.
The SEM images of pure Erlotinib revealed a microcrystalline structure with irregularly shaped particles. The drug
particles were relatively large, with a non-uniform distribution and well-defined sharp edges. This microcrystalline nature
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of Erlotinib indicates poor agqueous solubility, which may limit its bioavailability in biological systems. The SEM images
of the optimized Erlotinib-B nanoparticles (Batch B10) demonstrated significant morphological changes compared to pure
Erlotinib are shown in fig.12 and 13. [65]

Key observations include:

Interpretation and Discussion
e The microcrystalline nature of pure Erlotinib suggests poor solubility, which can limit its bioavailability.

e The formation of Nano sized, spherical particles in Batch B10 indicates successful polymeric encapsulation of
Erlotinib within the B-cyclodextrin matrix, which is beneficial for enhanced solubility and sustained release.

e The absence of crystalline edges in the nanoparticle formulation supports the XRD and DSC findings, confirming
the drug’s transition to an amorphous state.

e The lyophilization technique played a crucial role in maintaining nanoparticle stability while preventing
aggregation, thereby enhancing the dispersion and solubility of Erlotinib in aqueous media.

SEM analysis revealed that pure Erlotinib exists as microcrystals with irregular morphology, whereas the optimized
nanoparticle formulation (Batch B10) exhibited smooth, spherical nanoparticles with reduced crystallinity. The transition
from a crystalline to an amorphous Nano sized form, along with the benefits of the lyophilization technique, suggests
improved drug solubility, stability, and bioavailability. These findings reinforce the effectiveness of polymeric
nanoparticle encapsulation as a promising approach for enhancing Erlotinib therapeutic potential.[66, 67]
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Figure 13:- SEM images of Batch B10
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6.12 In-Vivo Study:

The pharmacokinetics of Erlotinib and optimized batch B10 were evaluated in a fasted SD rat model. Animals Albino rat
(Wistar strain) (SD) rats) of 200—250 g were obtained in Biocytes lab Sangli, Maharashtra India. The study protocol was
approved by the Institutional Animal Ethics Committee (IAEC), National Institute of Pharmaceutical Education and
Research (NIPER), S.A.S Nagar, India. The animals were maintained at 25 + 2°C and 50-60% relative humidity under
natural light/dark conditions for one week before the experiment. Rats were divided into two groups (n = 5). A dose of 10
mg/kg dose of Erlotinib was orally administered to one group while the other group received optimized batch B10 equivalent
to 10 mg/kg of Erlotinib. The animals were fasted overnight (at least 8 h before dosing). The individual dose was calculated
based on body weights measured on the day of drug administration. Blood samples were collected via retro-orbital
venipuncture into heparinized tubes at regular time interval for upto 24 h. Blood samples were centrifuged at 10,000 rpm for
10 min. The plasma samples were collected and stored at —20 °C until analyzed. The plasma samples were analyzed for
Erlotinib concentrations using in-housed developed and validated reverse phase HPLC method. [68]

The study will utilize male albino rats of the Wistar strain, aged between 6-8 weeks and weighing 200-250 grams. A total of
10 rats will be used, with the breakdown of usage over the course of the year provided in a tabular form as required. The
duration of housing for each animal will depend on the specific requirements of the study. For the injection schedule, the
substance will be administered orally once per day at a dose of 10 mg/kg. Blood samples will be collected via the retro-
orbital route, with a volume of 1-2 ml per animal. [69]
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Figure 16:- Chromatogram of batch B10 sample solution

Comparative Pharmacokinetic Analysis of Pure Erlotinib, Optimized Batch B10 (Erlotinib: B), and Marketed
Formulation (Tarceva):

The pharmacokinetic evaluation of pure Erlotinib, optimized polymeric nanoparticle formulation (Batch B10:
Erlotinib-B-cyclodextrin), and the marketed formulation (Tarceva) was conducted to assess improvements in drug
absorption, bioavailability, and elimination profile. The plasma concentration vs. time profile of Erlotinib and its
formulations is illustrated in Fig.16, while the pharmacokinetic parameters are summarized in Table 14. [70, 71]

Table 14:- Pharmacokinetic Parameters of Erlotinib, Batch B10 and Tarceva

Parameter ERLOTINIB BATCH B10 TARCEVA

Cmax (ug/ml)) 78.2 89.09 81.12

Tmax (min) 120 120 120

AUC (ug-hr/ml) 96.52416667 112.4933333 107.5733333

Ke(hr ) -0.33566858 -0.362846582 -0.209490298
Elimination t% (hr) -2.064974864 -1.910303735 -3.30873165

Pharmacokinetic Evaluation and Interpretation
1. Enhanced Absorption and Bioavailability-

The optimized Batch B10 (Erlotinib:B-cyclodextrin polymeric nanoparticles) exhibited a 13.93% increase in Cmax (89.09
pg/ml) compared to the pure drug (78.2 ug/ml) and 9.82% higher than Tarceva (81.12 pug/ml). The AUCo— (total drug
exposure) showed a 16.54% improvement in Batch B10 (112.49 ug-hr/ml) over pure Erlotinib (96.52 pug-hr/ml) and a 4.58%
increase over Tarceva (107.57 pg-hr/ml). The results indicate a higher rate and extent of drug absorption with polymeric
nanoparticles compared to the pure drug and the marketed formulation.

Faster Drug Elimination

The elimination rate constant (KE) of Batch B10 (-0.3628 hr!) was higher than both pure Erlotinib (-0.3357 hr') and Tarceva
(-0.2095 hr'), suggesting faster drug clearance from the body The elimination half-life (t%2) of Batch B10 (-1.91 hr) was
shorter compared to pure Erlotinib (-2.06 hr) and Tarceva (-3.31 hr), indicating a faster elimination profile and potentially
reduced systemic accumulation.

Correlation with In Vitro Studies

The improved Cmax and AUCo—o of the polymeric nanoparticle formulation correlate well with in vitro dissolution studies,
confirming enhanced solubility and dissolution. These findings suggest that the polymeric nanoparticle formulation (Batch
B10: Erlotinib-B-cyclodextrin) significantly enhances bioavailability compared to pure Erlotinib. The optimized polymeric
nanoparticle formulation (Batch B10: Erlotinib-B-cyclodextrin) demonstrated superior pharmacokinetic performance
compared to both the pure drug (Erlotinib) and the marketed formulation (Tarceva). The results suggest that polymeric
nanoparticles enhance drug absorption, improve systemic bioavailability, and facilitate faster elimination, making them a
promising approach for optimized Erlotinib delivery. [72, 73]
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7. CONCLUSION

The present study successfully developed and characterized a nanoparticulate drug delivery system for Erlotinib using
polymeric nanoparticles, aiming to enhance its solubility, stability, and therapeutic efficacy. The preformulation study
confirmed Erlotinib’s crystalline nature, poor aqueous solubility, and stability, justifying the need for nanoparticulate
formulation. Various nanoparticle preparation methods were screened, and High-Pressure Homogenization (HPH) was
identified as the most effective technique, producing the smallest particle size with a stable zeta potential.

Optimization using the Box-Behnken Design (BBD) identified Batch B10 as the best formulation, with optimized particle
size, high entrapment efficiency, and enhanced drug release compared to pure Erlotinib. Lyophilization was employed to
convert the nanoparticles into a solid form, ensuring long-term stability while preserving nanoparticle characteristics.
Comparative evaluation of optimized lyophilized batches confirmed that Batch B10 exhibited superior percentage yield, drug
content, and stability over Batch A3, establishing it as the final optimized batch for further studies.

Comprehensive physicochemical characterizations, including FTIR, PXRD, DSC, and SEM analysis, confirmed that the
polymeric nanoparticles provided enhanced stability and an amorphous drug state, improving solubility and bioavailability.
In-vitro drug release studies demonstrated a sustained release profile, indicating the ability of the nanoparticulate system to
prolong systemic circulation and potentially improve therapeutic outcomes. HPLC analysis further validated drug stability
and encapsulation efficiency.

The in-vitro cytotoxicity study using the MTT assay revealed that the Erlotinib-loaded polymeric nanoparticles exhibited
dose-dependent cytotoxicity against A549 lung cancer cells, with prolonged anticancer effects and sustained drug release.
The in vivo pharmacokinetic study confirmed that the relative bioavailability of Batch B10 was significantly higher compared
to the marketed formulation, demonstrating superior absorption and therapeutic potential. These results highlight that the
polymeric nanoparticle system, particularly using natural polymer B-cyclodextrin, significantly enhances Erlotinib’s
solubility, stability, and therapeutic efficacy while offering a controlled release mechanism. Overall, this study establishes
that Erlotinib-loaded polymeric nanoparticles prepared using HPH and optimized via BBD provide a promising drug delivery
system with improved pharmacokinetic and therapeutic profiles. The findings strongly support further exploration of f3-
cyclodextrin-based polymeric formulations for advanced anticancer drug delivery, paving the way for potential clinical
applications in targeted lung cancer therapy.
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