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ABSTRACT

The present work aims to optimize and assess the Cisplatin (CIS) and Quercetin
(QCT)-loaded biodegradable polymeric nano micelles-Bionanomicelles (BNM).
Another objective was to develop a quantitative High-performance thin-layer
chromatography (HPTLC) method for estimating CIS and QCT in pharmaceuti-
cal dosage form. The aluminum plates coated with silica gel F254 were used for
separation of both the drugs employing Toluene: Methanol: Ethyl acetate: DMF:
Triethylamine (5:0.5:3.5:1:1 drop % v/v/v/v/v) as mobile phase. The results of
the validation parameter indicate that the developed method was precise, accu-
rate, and robust. CIS and QCT-loaded BNM formulated using solvent evapora-
tion technique employing poly lactic-co-glycolic acid (PLGA) 50:50. The Qual-
ity by Design (QbD) was accomplished to identify the critical manufacturing
attributes and critical process parameters. The formulation was optimized by

central composite design using particle size and % encapsulation efficiency as

dependent variables. The amount of PLGA and Span were selected as independ-
ent variables. Statistically substantial variables were identified using regression

analysis and analysis of variance. A diffusion study revealed that optimized nano

micelles could sustain the drug release up to 8h. Zeta sizer and TEM confirmed

the stability and nano-sized nanoparticles. CIS-QCT BNM was found to be an

alternate route to systemic treatment.
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1. Introduction

Worldwide, cancer is the second foremost cause of
death. Approximately 9.6 million deaths, or one in
six demises, occur due to cancer. Eighteen million
individuals have cancer, and approximately 30% suf-
fer only from lung cancer. Amongst that, lung cancer
mainly occurs in males than females [1]. The expect-
ed prevalence of patients with lung cancer in India
among males was 0.7 million and among females 0.8
million for the year 2020 [2—6]. Lung cancer is of
two types: small cell lung cancer (SCLC) and non-
small lung cancer. Approximately 85% suffer from
the NSCLC, where adenocarcinoma, large cell car-
cinoma, and squamous cell carcinoma are the most
common [7,8].

Many alternative treatments are available, like sur-
gery, radiotherapy, and chemotherapy for the NSCLC
[9]. CIS is considered the first-line treatment for the
NSCLC. Currently, CIS is administered via the par-
enteral route only for immediate action and better
therapeutic effectiveness. The significant limitations
of the CIS are nephrotoxicity, renal toxicity, cytotox-
icity, and many more [10]. The addition of the QCT
with the CIS overcame the existing problem of CIS
[11,12] QCT is a plant pigment and has potential
anticancer and antioxidant activity. It was obtained
from many natural sources like fruits and vegetables.
QCT has been reported to inhibit CIS-induced ne-
phrotoxicity. QCT attenuated CIS-induced cell death,
mitochondrial damage, apoptosis of hair cells, and
ultra-structural changes in hair cells [13,14].

Many Classical routes are available for the admin-
istration of cytotoxic substances. However, it has
several limitations, like requiring a skilled person
for the administration, the possibility of dose dump-
ing, less bioavailability, and less specific treatment. A
novel inhalation route is preferred to deliver the drug
to the lung to avoid such limitations. The lung is

widely used as a target site because of numerous ad-
vantages like thin alveolar epithelium, larger surface

area, high permeation rate through the membrane,
and high vasculature, which ultimately leads to high
absorption and bioavailability of the substance [15].

Nanocarriers like nano micelles, nanoparticles, li-
posomes, etc., are fabricated to target the lung. Bio-
nanomicelles have shown promising results for the
higher bioavailability compared to other nanocarri-
ers. Nanomicelles are formed using polymer and sur-
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factant, entrapping the drug molecules. In contrast,
BNMs are made from biodegradable polymers with
or without the addition of surfactant. Bionanomi-
clles have less toxicity and better targeting efficiency
than normal nano micelles. It has higher absorption
and solubility due to the amphiphilic structure of
the BNMs [16,17]. It has more retention time due
to the size and leads to less toxicity because of the
controlled release of the drug from nano micelles
[18,19]. Biodegradable polymers were preferred
over non-biodegradable polymers for better control
of the drug release, and less toxicity [20,21]. PLGA,
Chitosan, and Poly (e-caprolactone) are used for the
preparation of BNM. PLGA was chosen for the study
due to its controlled release effect, biocompatibility,
biodegradability, non-toxic, and better penetration
power compared to other excipients. In a nutshell,
the present investigation aims to optimize and illus-
trate CIS and QCT-loaded BNM incorporating pro-
gressive data mining techniques.

2. Materials and Methods

Materials

As a gift sample, CIS was obtained from S.G. Bi-
opharm, Himachal Pradesh, India. QCT and PLGA
(50:50) were acquired from Merck India Pvt. Ltd.,
India. The additional analytical grade reagents were
used throughout the study.

Fourier Transform Infrared Spectroscopy
(FTIR)

The FTIR spectrophotometer assessed the interac-
tion between the CIS, QCT, and PLGA. The spectra
of CIS, QCT, and a composite containing CIS, QCT,
and PLGA were recorded. The sample (10%) and
KBr (90%) were grounded into glass mortar pastel
and concerted into the disc. This formulated disc was
positioned in a light track, and the spectra were ob-
served in the range of 400 to 4000 cm™ at a resolu-
tion of 2 cm™'. KBr was utilized to take background
spectra [22-26].

Method Development by HPTLC

Preparation of standard solutions

CIS (10 mg) was precisely weighed and dissolved in
10 ml of 6.8 pH phosphate buffer to prepare a 1000
pg/ml solution. QCT (10mg) was accurately weighed
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and was shifted to volumetric flasks (10), solubilized
in 10 ml methanol to get a solution containing 1000
pg/ml. 1.4mg/ml 12-oxo Phytodienic acid (OPDA)
solution (Iml) and pH 6.8 phosphate buffer solu-
tion (1ml) were added to 1 ml stock solution of CIS
and QCT, resulting in a light green colored solution.
The resulting solution was then cooled to room tem-
perature and diluted with Dimethyl Formamide up
to 10ml [27].

Chromatographic procedure

The bands (6 mm) of typical solutions of altered
concentrations are located using a Camag Linomat
5 sample applicator on a pre-coated silica gel alu-
minum Plate 60F254. A twin trough glass chamber
was utilized to perform linear uphill development
[28]. Toluene: Methanol: Ethyl acetate: DMF: Tri-
ethylamine was used as a mobile phase. The satura-
tion time was kept at 20 min at room temperature,
and the length for a run was chosen at 8 cm based
on the preliminary trials. The HPTLC plates were
dehydrated in the air and sprayed using a spraying
reagent. The plate was kept in an oven at 85°C; the
spot was obtained and subjected to scanning [29].
Camag TLC scanner through WINCATS software
was employed for densitometric scanning. All ab-
sorbance was measured between 400 to 800nm us-
ing slit aspect (6.00 x 0.30 mm, micro) at a scanning
rate of 20 mm/s and data perseverance of 100 pm/
step. The deuterium lamp emitting a continuous UV
light between 200 to 800nm was used as a radiation
source. Linear regression statistics were performed
to calculate the concentration of both drugs using
Minitab software based on the intensities of diffused
reflected line and peak area [30-32].

Validation of the developed analytical HPTLC

technique

The developed HPTLC technique was validated for
the assessment of CIS and QCT. The method is vali-
dated for different validation parameters such as lin-
earity [33-35], precision [36,37], accuracy [38,39],
LOD [40], LOQ, and specificity considering the con-
cepts of ICH Q2 (R1) guideline [41,42].

Solvent Evaporation Method

The micelle was prepared by rotary flask evapora-
tion under reduced pressure at 300 mmHg. he size
of the micelles was adjusted during the same step.
The method is also known as the thin-film hydration
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method. Weigh the required amount of CIS (10mg),
QCT (10mg), and PLGA 50:50 (10-30mg) dissolved
in 10 ml of dichloromethane (DCM). Span-80 (0.4-
0.8%) was added to the solution and poured into a
round bottom flask evaporator for 50 minutes. Allow
DCM to evaporate by flash evaporator above their
boiling point (50°C) and at 80 RPM. The thin film
was formed at the bottom of the flask. The thin film
was reconstituted with deionized water to get a sus-
pension of BNM [43-45].

QbD and Risk Estimation Approach

Identifying the Quality Target Product Profile
(QTPP) is the leading step of the QbD approach [46].
The quality attributes affecting the product’s quality
were gathered. Identifying critical quality attributes
is the second and most crucial step in the QbD ap-
proach. Identification of significant manufacturing
attributes was performed by the Failure Effect Mode
Analysis (FMEA) [47,48]. The Fishbone diagram or
Ishikawa diagram was constructed by arranging all
the manufacturing attributes [49]. The importance of
each failure mode was estimated using FMEA. The
variable is assessed based on the frequency of oc-
currence, effect severity, and how simple it can be
detected. The critical attributes were identified and
studied for the influence of each variable on meas-
ured response using the optimization technique [50—
52].

The FMEA was performed by calculating each vari-
able’s risk priority number (RPN). RPN score was
assigned to each variable based on the OSD ap-
proach — event occurrence, the effect’s severity, and
the failure mode’s detectability. The arbitrary scale
was used to give the score to each parameter. The
highest score is given to the most occurring event,
most severe effect, difficult-to-detect failure mode,
and vice-versa [53].

D v e e Equation 1

o [
HIE

G W NP

Development and Optimization of Processing
and Product-Related Parameters

The response surface methodology - Central Compos-
ite Design (CCD) is widely used to optimize the for-

mulation as it covers the central and axial points with
the least experimental runs. The chosen independent
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factors for the design are the amount of PLGA (X,
10-30mg) and Span-80 (X, 0.4-0.8%), whereas the
measured responses were %encapsulation efficiency
(Y, - %EE) and particle size (Y,) as shown in Table 1.
The Design-Expert software (11.0.0) was employed
to optimize the final formulation. Based on the soft-
ware, thirteen experimental runs were performed, as
shown in Table 1. The model was developed for each
dependent variable to be measured employing multi-
ple linear regression analysis (MLRA) and assessed
using one-way ANOVA at 0.05 probability (P) value.
The significance of each parameter was determined
using the P-value. The terms with higher P-values
were considered non-significant and removed for
further study [54]. The quadratic model was con-
structed for each measured response, including the
interaction and polynomial terms [55].

Validation of Statistical for

Optimization

Analysis

The grid search analysis was employed to validate
the statistical model. In this method, one optimal and
two checkpoint formulations were chosen by ran-
dom assessment analysis over the whole optimized
region. The checkpoint formulations were prepared
and assessed for different response parameters. The
investigational value of each variable was matched
with the anticipated value, and percentage prediction
error was premeditated [56,57].

Encapsulation Efficiency (%)

One ml suspension of BNM was added in a mixture
containing 1 ml ortho phenyl diamine and 2 ml pH
6.8 buffer solution. The solution was heated at 80°C
until the color changed from yellow to light blue.
The hot solution was allowed to cool at room tem-
perature. The final dilutions were made up of dimeth-
ylformamide and measured in HPTLC. Calculate %
EE using the following equation: [58,59]

% Encapsulation efficiency =

Experimental drug content

*100

Equation 2

Predicted drug content

Morphological Studies

The surface morphology of suspension containing
CIS- QCT and PLGA (50:50) was analyzed em-
ploying a transmission electron microscope (TEM).
The thin film of BNM suspension was prepared on
a carbon-coated grid, and the additional liquid was
discarded. The samples were then analyzed at 120
kV using JEOL 2100F TEM [60].

Zeta Potential Analysis

Zeta potential is an important parameter to identify
the stability of nano-sized particles and the intact-
ness of BNM. The Malvern nano zeta sizer was em-

Table 1. Independent variable and their measured responses in Central Composite Design.

Batch No. X, (mg) X, (%) EE (%) Particle size (um)
H1 5.85786 0.6 72.9 280
H2 10 0.4 81.2 210
H3 10 0.8 75.3 270
H4 20 0.6 88.2 180
HS 20 0.317157 89.3 150
H6 20 0.882843 82.2 220
H7 20 0.6 85.3 220
HS8 20 0.6 82.9 230
HO9 20 0.6 84.2 225
H10 20 0.6 88.6 205
H11 30 0.8 85.5 110
H12 30 0.4 94.5 100
H 13 34.1421 0.6 98.3 95
The dose of Cisplatin — 10mg and Quercetin 10mg
95 ISSN: 2458 - 8806
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ployed to measure the charge on the particles. Each
sample was diluted 20 times with deionized water.
The analysis was performed by the zeta sizer based
on the Smoluchowski equation [61,62].

Determination of Critical Micelle

Concentration

The various concentrations of surfactant solution in
the 0.00001-0.1% w/v range were prepared. The KI/
L, (25 um) was prepared by solubilizing I, (1g) and KI
(2g) in 100 ml distilled water. The Iodine solution
is added to different surfactant solutions and kept
overnight at room temperature. Then, the solution
was analyzed at 225nm using HPTLC. The whole
procedure was repeated three times to reduce the ex-
perimental error. The graph was plotted between the
peak area and the amount of polymer. The point at
which the sharp change was observed is considered
as CMC [63,64].

In-Vitro Diffusion

Polymeric micelle containing CIS and QCT was
studied for drug release profile by Franz diffusion
cell using pH 6.5 as dissolution media (extracellular
cancerous fluid pH). One ml BNM suspension was
kept in the donor compartment. Solutions were taken
at a programmed time interval and exchanged with
fresh media from the receiver compartment. Sam-
ples were further suitably diluted and analyzed by
the HPTLC method [65].

Aerodynamic Behaviour by Cascade Impactor

The Anderson cascade impactor was employed to
identify the aerodynamic behavior of nano micelle.
The study is helpful to know the availability of BNM
to the lower part of the respiratory tract. The BNM
remained in the capsule, any other part of the device,
and stages 0-7 were determined using this technique.
The seven plates were organized in an ascending
order, keeping 0 at the impactor side. In addition,
the cascade impactor plates were arranged at both
ends. At the side of the base plate, a vacuum and
at another end, an induction port was attached. The
metered dose inhaler was attached to the instrument.
The BNM was sprayed ten times on the attached part.
Each plate was removed, rinsed with distilled water,
and analyzed for the deposited amount at each plate.
The deposition between 2 — 7 plates was considered
a respirable fraction [66].
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= Amount of drug deposited in lower stage

% Respirable Fraction total loaded dose

%100 ....... Equation 3

3. Results and Discussion

Mobile Phase Optimization

The mobile phase’s polarity is essential to develop a
newer HPTLC method, which was confirmed by ob-
taining a denser band of both drugs in simultaneous
estimation. Different mobile phases were used in the
study to obtain the dense peak of both the drug, i.c.,
CIS and QCT. The mobile phase Toluene: Methanol:
Ethyl acetate: DMF: Triethylamine (5:0.5:3.5:1:1
drop) was found optimal as a peak having good
shape has shown for CIS and QCT.

Detection Wavelength

The wavelength of CIS and QCT was detected in
the optimized mobile phase. Derivatization of the
compound is necessary to view it at a standard wave-
length in the UV chamber for qualitative and quanti-
tative estimation. UV spectra of both drugs after de-
rivatization in Camag TLC scanner [V were recorded
to determine the appropriate wavelength. The results
indicate that the maximum intensity was observed
at 680 nm and 320 nm for both drugs, as depicted in
Figures 1A and 1B.
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Figure 1. HPTLC chromatogram of (A) CIS and (B) QCT
(C) Linearity chromatogram of CIS (D) Linearity chroma-
togram of QCT.

Method Validation

Linearity

The linearity factor r> was used to identify the linear-
ity range. The linearity chromatogram is shown in
Figures 1C and 1D. The linearity curve was designed

Table 2. Calibration study of CIS and QCT by HPTLC method.

between the concentration and peak area, as shown
in Table 2. Linearity was detected between 4-12 ng/
band for both drugs. The r2 was found to be 0.9954
and 0.9941 for CIS and QCT. The other regression
parameters are presented in Table 2.

Precision

Precision was estimated by inter-day as well as intra-
day repeatability. Repeatability was assessed for a
developed method of CIS and QCT drug. The ob-
servations of the repeatability are revealed in Table
3. RSD indicates a high level of precision of the de-
veloped method.

Accuracy

The accuracy was calculated from the recovery study
at varied stages, 50%, 100%, and 150%, subsequent-
ly confounding with a standard. The recovery of CIS
was found between 98.74% to 99.91% and 99.95%
to 100.27% for QCT, as shown in Table 3.

Specificity

The peak purity of CIS-QCT in BNMs and the stand-
ard was determined by comparing spectra, as shown
in Figure 2. Peak purity at peak start, peak apex, and
peak end, indicating specificity with other interfer-

ence. The results of peak purity are depicted in Table
3.

CIS QCT
Cobnacr.l él)lg/ Aria S(}\I’)l)ean Cobnacr.l él)lg/ Areas('l\'él)eand: Constraints CIS QCT
0 0 0 0 Cahgga/tti)‘;ignge 412 412
4 2380.36+1.09 4 10450.46+1.19  Linearity equation  y =3.7955x+865.21 10.625x-;9993.7
6 3060.62+0.85 6 12380.62+1.06 R?value 0.9954 0.9941
8 4036.36+0.92 8 14080.10+0.89 Slope S.D. 0.3918 0.8182
10 4649.28+0.89 10 16580.10+0.99 Intercept S.D 1.2795 1.1603
12 5381.56+1.24 12 18975.30+0.60 LoD (ng/band) 10.77 4.679
LoQ (ng/band) 32.65 14.181

(n=5), S.D = Standard deviation
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Table 3. Precision, Accuracy, and Specificity results.

Intra-Day Precision Inter-Day Precision Accuracy Specificity
Ao‘f“(;':‘““t Initial Total
R g quan- % of The Total
applied  Amount of Amount of titv of  stand-  total amount of % of rS, rM
(ng/ drug found %RSD  drug found %RSD Y drug found ° ’ ’
band)  +SD ng/band +SD ng/band drug  ard —amount . e 9russ M B
(ng/ added of drug found
SD
band)
CIS
400 2263.64+2.29  0.101  2262.96+1.42  0.062 300 50 450  444.33+7.03 98.74 1;:;[;1:_ 0.948 0.987
800 4127.0242.78  0.067  4126.70+0.58  0.014 300 100 600  594.66+5.43 99.11 Standard 0.998 0.989
1200 4927.66+2.85  0.057 4926.94+0.013 0.013 300 150 750  749.33+2.86  99.91
QCT
Formu-
400 6306.70+1.31  0.020  6304.70+1.68  0.026 300 50 450  451.11+1.63 100.22 lation 0.989 0.991
800 14061.80+0.91  0.006 14061.26+0.82  0.005 300 100 600  601.66+3.39 100.27 Standard 0.948 0.997
1200 18967.50£1.17  0.006  18966.00+0.98  0.004 300 150 750 749.66+2.49  99.95
LOD and LOQ

[au] b oo

@o Eowo
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100 Eo100
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Specha comparson (ideri
100 pex patison (identity)
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[Au] B o
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0 £ 7o
Quercetin
600 600

00 1]
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200 Fom

E o0
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Figure 2. Overlay peak plot spectra of (A) CIS and (B)
QCT with the corresponding standard.
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The LOD and LOQ of CIS are 10.77ng/band and
32.65ng/band, respectively, whereas LOD and LOQ
of QCT were observed at 4.679ng/band and 14.18
ng/band.

Drug-Polymer Compatibility Study through
FTIR

The spectra of FTIR of CIS, QCT, and BNMs are
shown respectively in Figure 3. The spectra indicate
the absence of well-defined interaction between drug
and drug and drugs and excipients. Thus, CIS, QCT,
and PLGA are compatible with each other.

QbD & Risk Assessment

The first step of the QbD is the identification of QT-
PPs for the preparation of CIS-QCT-loaded BNM.
The patient-centric QTPPs were identified based on
the desired quality of the dosage form to accomplish
targeted drug delivery. Different quality parameters
are recognized to achieve the targeted profile. The
chosen QTPPs were therapeutic indication (lung
cancer), target patient population (adults), route of
administration (inhalation), site of activity (lower
respiratory tract), dosage form (BNMs), solubility
(high solubility), dose (10 mg of each). The selected
CQAs were Particle Size (<250nm), % Encapsula-

Rana et al.
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Figure 3. FT-IR spectra of a) CIS, b) QCT, and c) Polymer d) CIS+ QCT, ¢)BNMs.

tion efficiency (>80%), Diffusion (>75% in 8h) and
Zeta Potential (-10 to -30 mV). The parameters af-
fecting the manufacturing of BNM were segregated
into the material, man, measurement, environment,
machine, and process variables, as revealed in Figure
4. The RPN score employing the FMEA approach is
calculated for each parameter and shown in Figure 5.
Other than the material variables, the variables were
considered to exhibit low risk. All these variables
were fixed constant using preliminary trials and pre-
vious understanding. The parameters, which show
the effect on in-vivo product performance, were giv-
en a high rank. The RPN score for each variable was
used to identify the significant effect on the quality
of nanomicelles. The RPN threshold was set to 60. A
parameter with more than 60 is considered critical,
and vice versa. The variable having a low RPN score
(<60) can be excluded from further study[67]. The
amount of surfactant and the amount of biodegrad-
able polymer will affect the performance’s in-vivo
and in-vitro performance, so they are considered sig-
nificant. Both the parameters were chosen based on
the preliminary study and experience.

Optimization of BNMs

Thirteen experimental trials involving two independ-
ent variables, the concentration of PLGA and span
80, were prepared using Design Expert software®. %
Encapsulation efficiency (Y,) and particle size (Y,)
were chosen as responses. The measured responses
are depicted in Table 4. The correlation developed
between the independent parameters and measured
responses using MLRA and ANOVA in the CCD.

99

The output of MLRA and ANOVA is expressed in the
value of the coefficient, F value, and P-value, shown
in Table 4.

Influence on Encapsulation Efficiency

A high R? Value (0.91) specifies a good fit among
the chosen factors and % EE. The suggested quad-
ratic model was found significant as the P-value is
0.0015. The results suggested that two screened fac-
tors critically affect %EE. The interaction and poly-
nomial terms are insignificant from the P values for
%EE; the inferences can only be concluded from the
concerned parameters’ main effect. X and X, were
found critical as it has a P-value of 0.0001. Obvious-
ly, as the amount of polymer increases, the % encap-
sulation efficiency also increases. PLGA is a co-pol-
ymer composed of lactic acid and glycolic acid. The
inherent structural characteristics and cross-linked
structure improved the % EE. The structure’s hydro-
philicity also affects the entrapment of more drugs
due to better interaction with CIS. In addition, it was
also observed that the amount of surfactant should
be optimum for better encapsulation efficiency. The
contour plot (Figure 6A and 6B) for the % EE gives
insight into the results. The polynomial equation is
given below for the % EE:

Y, =+85.84 + 7.43 X; — 3.12 X, — 0.77X,X, — 0.50 X2 — 0.43 X3

Equation 4

ISSN: 2458 - 8806
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Process

Machine

N\

Rotary flask

Rotation time

Materials
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Drug-polymet ratio ‘

evaporator

Temperature

Franz diffusion cell
Uv- spectrophotometer

Evaporation time flask

Diameter of rotary

\ Drug-drug ratio
: Concentration of surfactant

AN

Cisplatin and Quercetin containing

polymeric micelles with good
particle characteristics, high

Particle size and efficiency and renired
size distribution %E Formulation Humidity
efficiency Pressure
Drug loading Q¢ person
In vitro drug release
Temperature
Measurement Man Environment
Figure 4. ISHIKAWA Diagram.
FMEA analysis

EPH Seore

Figure 5. FMEA analysis.

Influence on particle size

A high value of R? (0.9528) specifies a good fit be-
tween the chosen independent parameters and the
particle size. The suggested quadratic model was
found significant as the P-value is 0.0001. The re-
and X* were criti-
cal for the particle size. From this, the conclusion
can be drawn that as the concentration of polymer

2
1°

sults suggest that X, X,, X

increases, the particle size decreases to some lev

The optimum amount of PLGA could control the size
of BNMs; above that concentration, the aggregation

tive significant effect on the particle size of BNMs.
It was mainly due to the aggregation of BNMs due
to the higher amount of surfactant. The interaction
terms are found to be non-significant, but polyno-
mial terms are found to be significant as the p-value
is <0.05. The contour plot was also plotted for bet-
ter understanding, as shown in Figures 6C and 6D. A
polynomial equation is given below for the particle
size.

el.

Y, =+212.0 — 66.45 X; + 21.12 X, —

12.50 X1X, — 15.69 X5 — 16.94 X2 Equation 5

was observed. The amount of surfactant had a posi-

Volume 44 / Number 2 / June 2024 / pp. 92-107
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overlay plot, respectively.

Design Space and its Validation Transmission Electron Microscopy

Design space was determined by overlaying the two The smaller size of the BNMs was the requirement
contour plots of the measured responses. Figure 6¢ for the long, systematic circulation and the protec-
reveals the overlay plot. The yellow-colored region tion against the removal of BNMs by the reticuloen-
is the optimum region of the BNM. The researcher dothelial system (RES). The size of the micelles was
is permitted to select any batch within the yellow- observed in the range of 20 to 300nm, which was
colored optimized area. The model validation was the desired size for targeting lung cancer. BNMs
performed using the grid search analysis. One op- were found spherical, as shown in Figure 7A. The
timal composition, as shown in Figure 6¢, and two size and shape of the BNMs were affected by the
additional compositions were chosen from the de- amount of PLGA and surfactant. The size and shape
sign space, formulated, and evaluated for measured of the BNMs were not affected by drug loading. A
responses. The calculated values equated with the slight change in size was observed after drug load-
projected values of software, and the % prediction ing, which was non-significant. The results indicated
error was found to be less than 10, indicating the sig- that BNMs were not aggregated and remained as an
nificant predictability of the chosen model, as shown individual entity.

in Table 4.
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Zeta Potential Analysis

It defines the stability of the formulated nano mi-
celles by measuring the surface charge. The zeta po-
tential of PLGA and drug-loaded micelles was -19.3
with a deviation of £7.83mV, as shown in Figures 7B
and 7C. The zeta potential was found to be highly
damaging, which was acceptable, and due to this,
they remained as individual moieties and stable. The

Determination of CMC

The CMC of the surfactant affects the in-vitro and
in-vivo stability of BNM. The CMC of micelles was
found in the range of 0.2 to 1 pg/ml. The low ob-
served value indicates higher stability and did not
change the structure in-vivo. The observed CMC of
the optimum composition was at 0.8 pg/ ml. At this
point, the vesicular structure formation started.

In-vitro Diffusion Study

The drug diffusion study of the optimum batch was
performed by Franz diffusion cell using extracellu-
lar cancerous fluid pH 6.5. At predefined time inter-
vals, samples were collected, suitably diluted, and
analyzed at 229 nm using HPTLC. The drug was re-

Table 4. ANOVA results and Validation of a model.

leased in a controlled manner up to 8h from the CIS-
QCT-loaded optimized BNM, depicted in Figure 8A.

Aerodynamic Behavior

The Anderson cascade impactor studied the aerody-
namic behavior of BNM. The percentage respirable
fraction was found to be 82%, which is desired and
indicates the maximum amount of micelles reaching
the lung’s deep part, like alveoli. The weight that re-
mained on each plate is shown in Figure 8B. Mass
Median Aerodynamic Diameter (MMAD) and Geo-
metric Standard Deviation (GSD) were observed at
1.73 um and 1.49 um, respectively. Generally, <0.5
pum size micelles are exhaled, whereas having >0.5
pm micelle size impacts the pharynx. So, the mi-
celles having a size >0.5 pm are suitable for deliv-
ery into the lung. The resulting data indicate that the
maximum amount reaches the lung.

4. Conclusion

The newer, accurate, and precise HPTLC method
was developed to estimate Cisplatin and Quercetin.
An optimized batch containing CIS, QCT, and PLGA
(50:50) is a novel, effective, safe, and patient-friend-

ANOVA results Validation of Model
Factors Y,
Coded Coded Check- Opti- Check- Check-
F value P-value Coeffi- F value P-value Coeffi- point mum point point
cient cient Batches batch batch I batch 11
Model 14.15 0.001 7.43 116.54 0.002 +212.00 X, (%) 20.74 30.00 30.00
X, 59.58 0.001 -3.12 11.78 <0.0001 -66.45 X, (%) 0.43 0.80 0.40
X 10.50 0.01 -0.78 2.06 0.01 a1y Predicted g oo g343 96.22
2 Y, (%)
X, X 032 0.59 -0.51 5.65 0.19 250 Observed esge g628 95.24
1 Ay Y, (%)
XI2 0.24 0.64 -0.43 6.58 0.05 -15.69 % Error 3.21 2.49 1.03
X2 0.18 0.69 7.43 116.54 0.04 -16.94 Predicted 59 04 12155 10429
) Y, (%)
Lack of Observed
fit 1.45 0.35 0.40 0.7597 Y, (%) 182.24 129.00 115.00
R? Value 091 0.9528
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ly formulation. The new formulation overcomes the Statement of the contribution of
limitations of traditional treatment. The novel formu- researchers

lation, CIS-QCT loaded bionanomicelles, was deliv-

ered directly to the lung, increases the efficacy, re- H. R. — Experimental work, designing of work, man-
duces the dose, and causes no or minimal side effects uscript writing

with maximum bioavailability. The other ingredients N. S. - Experimental work

utilized in the study are biocompatible, biodegrad-
able, and FDA-approved. Due to the easy availabil-
ity of excipients and manufacturing techniques, the
scale-up will be accessible at the industry level. The

M. D. — Review and editing of the manuscript
V. T. — Ideation and prototype designing

industry can profit better as no such product is avail- 30 +
able.
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