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ABSTRACT

Objective: Capsaicin (CAP) is a naturally occurring alkaloid forecasted in the treatment of Alcoholic Hepatitis (AH), but least studied due to its
hydrophobicity, low bioavailability, and less target-specific release. Hence, the present study aimed to synthesize glycyrrhetinic acid conjugated
stearic acid grafted chitosan (GA-CS-g-SA) and prepare CAP-loaded GA-CS-g-SA micelles.

Methods: Quality by design (QbD) approach in coordination with "Box-Behnken Designs (BBD)" was used to optimize the process parameters. GA-
CS-g-SA was synthesized and characterized for its physic-chemical.

Results: The "Proton Nuclear Magnetic Resonance (*H NMR)" spectrum depicted a strong signal at d=1.0 ppm and endorsed to-CH: group of SA and
d=3.5-3.65 ppm depicting GA, which confirms the formation of GA-CS-g-SA. Critical micellar concentration (CMC) was found to be 13.45+1.72 pg/ml
and amino groups substitute degree (SD %) was 10.12%+1.09%, indicating successful linkage of GA and SA on CS. The prominent peaks of CAP (0.9
and 1.31 ppm) in 'H NMR spectra disappeared, indicating drug loading in the micellar core. Micelle's normal particle range was 167.54 nm, and
encapsulation efficiency was 67.85%. The CAP-GA-CS-g-SA was found to be biocompatible following the hemolysis test. In vitro release pattern
showed 78.68+3.12% in 24h, indicating the slower release of CAP from micelle, whereas 99.48+2.56% was released from non-micellar formulations
in 6 h. CAP release from drug-loaded micelles showed a biphasic model with an early burst release in four hours, following a slower and sustained
release pattern till 24h.

Conclusion: CAP-GA-CS-g-SA micelle is a hopeful advancement to progress bioavailability and controlled release of highly hydrophobic CAP.
Further in vivo studies would be evident for targeting hepatocytes and treating AH using CAP-GA-CS-g-SA.
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INTRODUCTION

High alcohol intake is a significant risk factor counting many
unfavorable health reactions such as Alcoholic Hepatitis (AH),
causing morbidity and death [1].

Nearly one million cases of disability-adjusted life years (DALY)
were reported in 2016 due to AH. Per head, alcohol utilization has
inclined to 6.4 liters (2016) from 5.5 liters (2000). AH accounts for
34.3% patient population in India who suffer from liver-related
diseases (2010). Alcoholic Liver Disease (ALD) by itself casts for 4%
of the death rate and 5% of DALYs having European countries most
affected. A million deaths were reported in 2010, accounting for
fibrosis and cirrhosis concerning alcohol; among ten, one death is
attributed to AH [2]. In the US population, a death rate of 5.5 per
100,000 was anticipated in 2010. AH is linked to 41% of the death rate
in the European Union [3]. Having considerable advances in the
ground of AH treatment, the existing treatment strategies have huge
limitations; no impact on survival (Glucocorticoids), increased
infection frequency within two months (Anti-TNF therapy),
unsuccessful in treating (caspase inhibitors, probiotics), and reversal
with increased seriousness making the treatment difficult [4].

To overcome the adverse events and improve the epidemiology of
AH, it is necessary to treat the life-threatening disease. In recent
studies, alkaloids have shown clinical advancement, majorly
Capsaicin (CAP) of capsicum species have been under examination
for their wide variety of pharmacological applications like anti-
inflammatory [5], anti-obesity, antioxidation [6], anti-carcinogenic,
and lowering of lipid peroxidation [7].

Although it has an extensive spectrum of beneficial possibilities, it is
unexplored because of its limitations, such as low oral
bioavailability, hydrophobicity, gastric irritation, burning diarrhea,
nausea, and vomiting [8]. Hence it is necessary to explore a

formulation strategy to reduce the complications and increase the
oral bioavailability of CAP.

Chitosan (CS), a natural polysaccharide, has outstanding
hydrophobicity, blood compatibility, bio-performance, and microbial
decadence properties, well recognized for various biomedical
functions such as controlled delivery of hydrophobic drugs [9].
Molecular weight (5 kDa), high viscous nature, less solubility in
biological fluids (pH 6.3 to 7.8), and low cell specificity have
restricted the use of CS in vivo [10]. Chemical alteration of CS was a
capable approach to confiscate the limitations, resulting in improved
transfection effectiveness and targeting capacity.

In recent years, many studies have been carried out to use hydrophobic
longer-chain fatty acid of SA to graft CS to form CS-grafted-SA (CS-g-SA).
Further, it self-aggregates to make polymeric micelles in an aqueous
solution [10]. Additional studies found that CS-g-SA micelles had a
spatial organization with a multi-hydrophobic core [11].

CAP-loaded CS-g-SA (CAP-CS-g-SA) distributes uniformly in blood
circulation yet has a relatively low concentration in the hepatic cells,
causing a less therapeutic outcome. At the same time, the other vital
organs are affected by the harmful properties of the medicines
acting against AH.

Liver targeting deliveries could release drugs effectively by reducing
systemic circulation, dosage reduction, and rate of administration,
further benefiting the therapeutic index and diminishing the adverse
reactions associated [12]. Hepatocytes contain various receptors
(Asialoglycoprotein receptor, Glycyrrhetinic acid receptors, IgA-
Receptors, Transferrin receptors, HDL receptors, LDL receptors,
Insulin receptors, and Scavenger receptors) on the surface, which
can be accommodated for targeting the liver [12]. The receptors
attach various ligands that can be formulated for the active targeting
of the drug. Various studies show that glycyrrhetinic acid (GA)
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receptors have been the popular option for targeting the
hepatocytes affected by AH and can identify the GA ligand [13]. For
the development of target delivery, a carrier that improves efficiency
and has sufficient physiological security is much needed; CS-g-SA is a

oo o o P W
{

S8 [0 | Lo
m&’-@--'%\ﬂl \,%D“ Chitosan (CS)

g 0

Int ] App Pharm, Vol 15, Issue 4, 2023, 246-256

carrier that has been attached to GA and performs active release of
CAP [14].

The diagrammatic representation is presented in fig. 1.
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Fig. 1: Formation and ligand active targeting of drug to diseased cell

Utilizing “Design of Experiments (DoE)” is an innovative advance in
the optimization and transmission of experimental factors. Simple
experimental plans and statistical tools for information analysis can
offer a huge advantage regarding the system under examination
after a small number of experiments [15]. “Response Surface
Methodology (RSM)", is a statistical method used for DoE and the
construction of experimental models linking many interactive
parameters [16]. “Box-Behnken Design (BBD)” is used for response
surface modeling.

The current study aims to synthesize glycyrrhetinic acid-conjugated
stearic acid-grafted chitosan (GA-CS-g-SA) using DoE. Study includes
process optimization, preparation, and evaluation of the polymeric
micelles of GA-CS-g-SA with CAP loaded (CAP-GA-CS-g-SA) [17] to
increase the oral bioavailability and release the drug at inflamed
hepatic cells in order to treat the AH.

MATERIALS AND METHODS

Capsaicin is obtained from AOS Products Private Limited, Ghaziabad.
CS, oligosaccharide with M. Wt. of 5 kDa and degree of deacetylation
of 85% and dialysis membrane (3kDa) obtained from Himedia
Laboratories Pvt Ltd, Mumbai, India, SA, 1-ethyl-3-(3- dlmethyl
aminopropyl) carbodiimide (EDC, ~Pufi$$s), N
hydroxysuccinimide (NHS, puritr 98%), 2,4,6 —trmltrobenzene
sulfonic acid (TNBS), 1-dodecyl-pyridinium chloride (DPC with
purity * 98%), glycyrrhetinic acid were obtained from Sigma
Aldrich, New Delhi, Dimethyl sulfoxide, ethanol, sodium bicarbonate,
hydrochloric acid, Iodine, Potassium Iodide, obtained from SD Fine
chemicals, Hyderabad, Millipore, filter paper-0.45 pm (M/s Merck
Specialities Pvt. Ltd., Mumbai, India).

Design of experiments
Quality by design (QbD) for product development

QbD is a methodical proposition for improving the product with pre-
established targets that include previous knowledge, DoE,
assessment of possibility, and understanding through the product's
life cycle. The QbD integrates quality during formulation
development, contrasting conventional methods (quality analyzed

after production) [18]. QbD comprises forming the superior grade
targeted product outline and identifying the major quality features,
vital material characteristics, and significant method parameters. In
the current work, QbD was conducted as per the steps mentioned:

i. Risk review (relationship of cause and effect) for recognizing
associated criteria that affect CQAs.

ii. Testing the variables
iii. Optimization and embarking on design space
QTPP and CQAs

QTPP comprises a probable outline of preferred features of an end
product to ensure product quality, safety, and efficiency.
Recognizing QTPP is the initial step in QbD, followed by the
recognition of CQAs [19].

Risk assessment deals with analyzing various factors concerning the
final CQAs. In addition, factors significantly affecting the CQAs have
to be recognized [20].

GA-CS-g-SA synthesis

The GA-CS-g-SA be synthesized as per a method reported with slight
modification [21]. Briefly, molar ratio 0.001: 0.0003 of CS and SA (CS
500 pg and SA~ 95 mg) were dissolved in 20 ml of dimethyl
sulfoxide (DMSO). GA (50 mg) dissolved in DMSO (2.5 ml) was added
dropwise to the above solution. The resultant solution was sonicated
(Sonics and Materials, Inc., Vibra cell VCX 750) for 15 min at 50°C,
further SA was stimulated by 1-ethyl-3-(3-dimethyl-aminopropyl)
carbodiimide (EDC-50pg) in the presence of N-hydroxy succinimide
(NHS-0.06pg), and the reaction was carried out in a hot water bath (50
°C for 30 min) at 1000 rpm. The reaction mixture is maintained at 50
°C for 12 h to complete the reaction. The blend has brought to room
temperature and stirred continuously for 24 h at 2000 rpm. Dialysis
(dialysis membrane-MWCO, 3.5 kDa) was performed for 72 h using
water to eliminate the by-products. The mixture was dried in an oven,
and the precipitate was extracted from the suspension by transferring
it through a 0.45 m Millipore filter. The precipitate was harvested and
used for further studies [22].
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Characterization of GA-CS-g-SA
Amino groups substitute degree-GA-SA-g-CS (SD%)

The "2-4-6-trinitrobenzene sulfonic acid (TNBS)" technique was
used to calculate SD% [11]. The measured volume of NaHCO3 (4%)
and 0.1% TNBS (0.1%) were added sequentially to different CS and
GA-CS-g-SA solutions concentrations and incubated (37°C for 2 h),
followed by the adding 2 mol/1 HCL. Absorbance was deliberated at
344 nm by ultraviolet-visible spectrophotometry (Shimadzu SPD-
10A, Japan) after 30 min ultrasonication [23].

Critical micelle concentration (CMC)

lodine method was used to determine the GA-CS-g-SA's CMC. The
dilutions of GA-CS-g-SA were prepared (1.0 pg/ml-1.0x103 pg/ml)
and sonicated (30 min) at room temperature [24]. UV absorbance was
determined at 366 nm, and a plot was drawn between the intensity of
adsorption and micelle concentration. The pointed enlargement in the
absorption of the plotted graph indicates the CMC [11].

Preparation of micelle by active drug loading

Micelle was initially prepared by dissolving GA-CS-g-SA of 200 mg in
ultrapure water (200 ml) under sonication (Sonics and Materials,
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Inc,, Vibra cell VCX 750) in an ice bath for 30 min for 20 cycles (400
W, pulse on for 2.0 and off for 3.0 s) [25]. The CAP solution was
dropped into the empty micelle solution while being constantly
stirred [26]. The CAP-filled micelles were transferred into a dialysis
container (MWCO, 3.5 kDa) with 10 vol. of ultrapure distilled water.
Distilled water was substituted every 30 min to remove the free
drug and DMSO. Finally, CAP-GA-CS-g-SA micelle was obtained in the
dialysis bags and lyophilized using a freeze-dryer ("-80 °C and 10
mm Hg, Freezone 6liter, Labconco Corporation, Kansas City, MO,US)
micelles were used for further study [11].

Optimization of process parameters for the preparation of
micelles using BBD

The effects of three controlled variables—dialysis duration (A), the
volumetric ratio of organic to water phase (B), and stirring time
(C)—on two response variables—encapsulation efficiency (EE) and
particle size of CAP-loaded micelles—were investigated using the
Response Surface Methodology with BBD [27]. The BBD got engaged
to develop and examine main, interactive, and quadratic effects
following variables influencing resultant parameters [28]. Seventeen
experiments were produced by "Design-Expert® 11.0 (Stat-Ease
Inc,, Minneapolis, Minnesota, USA)" [23]. Conditions following
experiments due to the trials are furnished in table 1.

Table 1: List of dependent and independent variables

Screening of significant factors for the preparation of micelles using BBD

Autonomous criteria Magnitude

Criteria Units Low Intermediate High
A Dialysis time min 60 120 180
B Organic: Aqueous phase v/v 1 2 3

C Stirring time min 30 60 90
Reliantriteria Objective

Y1 Encapsulation efficiency % Increase

Y2 Particle size nm Decrease

Characterization and evaluation of micelles
Encapsulation efficiency (EE)

The EE of CAP in the micellar system was determined by a filtration
process [29]. CAP-GA-CS-g-SA micelle (5 mg/ml) was diluted using
distilled water and filtered with a 0.22 pm filter membrane to
eliminate non-encapsulated CAP. Later, 0.1 ml filtrate was carefully
mixed with the pure chromatographic methanol to get a volume of
10 ml. The amount of encapsulated CAP was determined using UV-
Vis spectrophotometer at 281.12 nm. The following equation can
express the EE % calculations of CAP-GA-CS-g-SA micelle [30].
Amount of drug after filtration

Encapsulation efficiency (%) = Total amount of drug in the sample X100

Particle size, zeta potential, and polydispersity index

Particle size distribution of blank micelles and CAP-GA-CS-g-SA
micelles was evaluated by dynamic light scattering method using a
Malvern particle size analyzer (Master sizer 2000, Malvern, UK). For
zeta potential, diluted micelles dispersions were placed in polystyrene
electrophoretic cells. The micelles' zeta potential was evaluated using
an "Au-plated electrode (U shape)" cell for a count of up to 250
particles per sec at 25 °C. Experiments were repeated thrice [31].

Surface morphology by transmission electron microscopy (TEM)

The morphology of CAP, blank micelles, and CAP-GA-CS-g-SA
micelles was monitored using "TEM JEM 2100 (JOEL, Tokyo, Japan)".
Micelle was placed on top of a film-coated Cu grid, marked by 2%
(w/v) "phosphotungstic acid”" solution, and, allowed to dry meant
for contrast enrichment. Samples were analyzed at 45000x
intensification using transmission electron microscopy [32].

1H nuclear magnetic resonance (*H NMR)

1H NMR spectrum was used to confirm the synthesis of the GA-CS-g-
SA and for the analysis of CAP-GA-CS-g-SA micelles. 'H NMR spectra
for drug, polymer, unloaded polymeric micelle and drug-loaded
micelles (CAP, CS, GA-CS-g-SA, SA, and CAP-GA-CS-g-SA) were

established (Varian Unity-Plus 400 NMR Spectrometer in CDCl3) to
verify the formation of GA-CA-g-SA [30].

Fourier transmission infrared spectroscopy (FTIR)

The FTIR spectra of CAP, CS, SA, GA-CS-g-SA, and CAP-GA-SA-g-CS
were obtained utilizing KBr (Potassium Bromide) disc process (Tensor
27, FT-IR Spectrophotometer) with a range of 4000-600 cm-.

X-ray diffraction pattern

The “X-ray diffraction pattern” of CAP and CAP-GA-SA-g-CS was
reported using a “Philips X-ray diffractometer (PW-1710)" operated
using graphite monochromator, with operating circumstances, “Ni
filtered Cu Ka radiation, 30 kV voltage, 20 mA current, and scan
speed 1 °26 min1"[33].

Differential scanning calorimetry

Thermal analysis of CAP and CAP-GA-SA-g-CS was performed using
Perkin Elmer STA 8000 Thermal Analyzer. Calibrated (using indium)
instrument was utilized in favor of the melting point and heat of
fusion. A rate of 10°C/min got engaged in an array of 30-400°C.
Regular Al (aluminum) sampling pans (Perkin-Elmer) were used; a
vacant pan was placed as a reference. A triplicate examination was
conducted on samples (5 mg) using nitrogen purge [34].

Hemolysis test

A hemolysis study was performed by isolating erythrocytes from
human blood (heparinized) using centrifugation (2,800 rpm, 5 min).
The established erythrocyte lump was re-suspended in PBS-phosphate
buffer saline (pH 7.4). These washing steps have to be repetitive
(thrice). Separated erythrocytes were re-suspended in 0.9% NaCl to
get 2% (v/v) of erythrocyte suspension [35]. The suspension (1.8 ml)
was then incubated with 0.2 ml of test specimens for 30 min at 37 °C
and centrifuged (2,800 rpm, 5 min). Percent hemolysis of supernatant
was calculated using a UV-Vis spectrophotometer at 545 nm. The PBS
(pH 7.4) was used as a negative control having no hemolysis and
distilled water as a positive control (100% hemolysis). The hemolysis
percentage was determined with the equation [36].
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ABSsampie — ABSy
ABS,q0 — ABS,

Where ABSo-Absorbance-0% hemolysis
ABS100-Absorbance-100 % hemolysis

% Hemolysis = X100

In vitro drug release

In vitro CAP release from micelles was performed via dialysis [37].
Before the day of the study, the dialysis bags were soaked in distilled
water for overnight. The dialysis bags were filled with free CAP and
CAP-GA-SA-g-CS (10 mg). The dialysis bags were hung in 100 ml
PBS-capable containers that served as the release medium (pH 7.4,).
Containers were swirled at a rate of 300 rpm/min at 37 °C. A release
medium (5 ml) was drawn at each time point. An equal measure of
the clean medium was refilled to preserve sink conditions. CAP
concentration in the release medium was estimated, and the
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accumulative release percentage of CAP was calculated [29]. The
experiment was conducted in triplicates.

Drug release Kinetics

The drug release method and its approach from the in vitro release
study were confirmed by integrating it into kinetic models (0 order,
1st order, Higuchi’s, and Korsemeyer Peppa’s model). The fitting
curve technique understood CAP release through micelle
formulation [38]. Results obtained through in vitro release studies
were verified with different kinetic equations [39].

Stability of micelles

The stability of CAP-GA-CS-g-SA micelles was evaluated at different
temperatures (4, 25, and 40 °C) for three months. Content of CAP,
EE, mean PS and topography of drug-loaded micelles was
established on the 1st, 15th, 30th, 45th, 60th, and 90t d [40].

Table 2: Kinetic equations

Zero order model First order model Higuchi model Korsmeyer-peppas model
Q= Qo + Kot In(Qw — Q¢) = InQy + Kt 0, = kyt? % = Kt
0
Qt-Quantity of drug dissolved Qt-Quantity of drug dissolved in time t, Qt-Quantity of drug dissolved =~ Q-Amount of drug dissolved in
in time t, Qo-Original quantity of drug intimet, time t,
Qo-Original quantity of drug Qw-Amount released in time oo (100 % ku-Higuchi dissolution Qw-Amount released in time oo,
Ko-Zero order release constant.  drug release) constant. Kk-Rate constant

K-First order release constant.

n-Diffusional exponent

Statistical analysis

Results were articulated as mean+SEM, n=3. Statistical analysis is
done by one-way ANOVA, which is followed by Dunnett’s multiple
comparison tests. Results were computed for statistical analysis
using Origin pro (V 8.0). The value p<0.01 was regarded as
statistically considerable.

RESULTS AND DISCUSSION
Design of experiments

Quality by design (QbD) for product development (QTPP and
CQAs)

This study objective was to organize GA-CS-g-SA (ligand-carrier
system) for hepatocyte intake and to improve oral bioavailability
(CAP). Recognizing CQAs is an initial step in the QbD method and
the organization of CQAs in the accepted range ensures the
attainment of QTPP [41]. EE and particle size (Micelle formulation
of CAP-GA-CS-g-SA) have opted as CQAs (table 3). Size affects the
cellular uptake where minor particles have enhanced penetration
and size reductions confer drug availability in a dispersed form,
enhancing the dissolution. The EE is the quantity of drug that is
included in the micelles. Elevated EE is desired to have advantages
[42].

Risk estimation and recognition of CMAs and CPPs

Early assessment of risk factors was initiated by preparing an
Ishikawa (fishbone) drawing (fig. 2). It depicts the result of each

parameter on the CQAs. Amongst various factors, the influential
factors were measured for test trials [43].

Synthesis-GA-CS-g-SA

The GA-CS-g-SA was synthesized through amidation among-NH2 groups
of CS and-COOH functional groups of SA and GA in the presence of EDC
(“cross-linking pairing agent”) along with NHS [23]. The -COOH of SA
and GA gets reacted with EDC to form unstable intermediates (“-00-acyl
isourea derivative”). The formed intermediates reacted further with EDC
to make active esters [24]. Finally, the active esters counter with 1°
amino group of CS to structure amide bonds (amidation) to generate CS-
g-SA [4]. Synthesis of GA-CS-g-SA was confirmed by tHNMR.

Characterization of GA-CS-g-SA (CMC and SD%)

Self-assembled amphiphilic micelle depicts a low CMC and is
beneficial for intactness. The lower CMC values show a higher
tendency to form micelle [23]. The CMC value of GA-SA-g-CS was
about 13.45%#1.72 pg/ml, lower than low molecular weight
surfactants in water [36]. UV absorbance was determined at 366 nm
(KI/Iz standard solution), and a plot was drawn between the
absorbance and GA-CS-g-SA micelle concentration. The “pointed
peak” in the absorbance of the graph indicates the CMC (fig. 3).

Substitution degree % of GA-CS-g-SA is the proportion of SA
substituted-NHz groups on CS. TNBS reacts with open-NHz groups
on CS and forms trinitrobenzene associates having UV absorption at
344 nm. SD% of GA-CS-g-SA was 10.12%*1.09%, indicating the
successful linkage of GA and SA on CS [44].

Table 3: QTPP and CQAs identification

QTPP Target

Justification

Formulation Nanosized Micelles

Polymeric micelles have emerged as potential nanocarriers for delivering difficult-to-

formulate active moieties with enhanced bio-availability, reduced toxicity, extended-
release, long circulation, and specific targeted delivery.

Administration mode Oral The merchandised product is oral; hence intention is to improve the oral bio-availability.
Pharmacokinetics To improve For increased bioavailability
Stability No evident indication The efficiency of the preparation relies on particle size; thus, it is significant to preserve

of aggregation after 30  without much variation

d of preparation
CQA Aim
Particle size Average particle size
below 200 nm
Encapsulation efficiency (EE)  Superior

Rationalization

Nano-scale size enhances surface area to enhance solubility and dissolution, which
results in bioavailability improvement and reduction in pharmacokinetic variation.
Superior EE ensures increased drug loading
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Fig. 2: Ishikawa (Fishbone) diagram showing cause and effect relationship for the production of CAP-GA-CS-g-SA
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Fig. 3: Graph for determination of CMC value

Preparation of micelle by active drug loading

The synthesized GA-CS-g-SA was placed in distilled water with
ultrasonic; initially, the empty micelles were formed due to their
inherent self-aggregation behavior in an aqueous environment. The
drug was stably entrapped in the core of the micelles by active
loading and resulted in nano-sized micelles [40].

Optimization of process variables in the formation of micelles

A set of seventeen experiments was performed with a three-factor,
three-level BBD. Similarly, the resultant data were analyzed through
“Design-Expert® 11.0 software (Stat-Ease Inc, Minneapolis,
Minnesota, USA)” to find analysis of variance, regression equation,
and regression coefficients [45]. Results fixed to 2norder quadratic
model and aptness was established by ANOVA, lack of fit and
multiple regression coefficients (R?) values.

Encapsulation efficiency (EE)

Drug encapsulation in micelles is significant for improving the oral
bioavailability of CAP [45]. The EE (Y1) of micelles was in an array of
50.38-69.18 %. The polynomial model represents that A and B
significantly influence EE.

The quadratic model generated for EE was identified considerably
with an F-value of 166.62. The individual variables A, B, interactive
term (AB), and quadratic terms A? and B? significantly influenced EE,
P value less than 0.05. “Lack of Fit F-value” (3.49) proposes that it is
insignificant. The factorial equation for EE indicated the influence of
A is more momentous than B with a good correlation coefficient (R?)
and adjusted R? for the model 0.98697 and 0.98104, respectively.

As the dialysis time (A) increased from 60 to 120 min, the EE
increased (from 50.38 to 69.18%). At lower points of A, EE escalated

from 50.38 to 57.34 %. It clearly indicates that EE decreased from
61.12 to 54.34 % at higher levels of A. As the ratio of the organic
phase to the aqueous phase (B) increases from 1 to 2, the EE
increases from 50.38 to 69.18 %. At lower points of B, EE escalated
from 50.38 to 64.28 %. Inclined points of B show an antagonistic
quadratic effect. At inclined levels of B, EE decreased from 65.48 to
54.34 %. Perturbation, 3D surface, and contour plots were
constructed to show independent parameters' significant and
collective influence on EE. Individual influences of A and B on EE
were presented by perturbation plot. Fig. 4(a) shows that A has the
most critical consequence on EE, followed by B with a modest
outcome. The collective influence of A and B (AB) at a steady level of
C on EE is depicted in fig. 4(b) and 4(c). Y1 for all batches was found
to be in the range of 50.38-69.18%.

Particle size

Particle size is a significant quality control assessment for nano-
micelle. Size distribution is a significant factor concerning micelles’
physical properties and stability. The size of a nano-carrier is a crucial
aspect that impacts permeation and retention through different cancer
tissues and related organs [46]. The particle size of micelles was
within an array of 156.46 to 333.94 nm. The polynomial model depicts
that all parameters considerably influence micelle particle size.

The quadratic model was significant, having an F-value of 8510.91.
Individual variables (A, B and C), interactive term (BC), and
quadratic terms A? and B2 were found to have a significant influence
on particle size (P<0.05). “Lack of Fit F-value” (0.42) proposes that it
is not momentous. There is an 81.72 % possibility that a "Lack of Fit
F-value” this big could happen due to noise. The factorial equation
for particle size indicated that the influence of C is more significant
than A and B with a good correlation coefficient (R?) and adjusted R?
for the model 0.99749 and 0.99554, respectively.

As the A increases from 60 to 120 min, Y2 inclined (178.12 to 333.94
nm). Y2 readings tended to be higher at lower concentrations of A
(178.12 to 312.46 nm). Particle size was reduced with greater
concentrations of A (297.79 to 156.46 nm). As the ratio of the
organic phase to the aqueous phase (B) increases from 1 to 2,
particle size also inclined (182.76 to 312.46 nm). At lower amounts
of B, particle size values inclined from 182.76 to 333.94 nm. At
higher amounts of B, particle size decreased (299.21 to 186.94 nm).
As C increases from 30 to 90 min, the particle size is reduced from
333.94 to 156.46 nm. At lower amounts of C, Y2 declined from
333.94 to 297.79 nm. Similarly, at higher amounts of C, Y2 declined
to 156.46 nm. Independent influences of A, B, and C concerning
particle size were presented in the perturbation plot. Fig. 5(a) shows
that C significantly influences particle size, and B and A have
minimal influence. The collective and quadratic effects of
independent variables were explicated by 3D response surface and
contour plots. The interactive result of A and B at a steady stage of C
on PS is presented in fig. 5(b) and 5(c). The interactive impact of B
and C (BC) at a steady stage of A on PS is presented in fig. 5(d) and
5(e) and it ranges from156.46-333.94 nm (Y2).
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Table 4: Optimal setting acquired by restricting response parameters

Independent Optimized Predicted values Actual values

variables values EE Particle size  Batch Encapsulation Particle size  ZP (mV)" Polydispersity
(Y1)% (Y2)nm efficiency (Y1) % (Y2) nm index"

Dialysis time 126 min 67.85 167.54 F1 66.26 170.14£9.2 25.93£2.02 0.26+0.005

Organic phase: 2.01 F2 67.54 169.37+7.86  24.40+1.38 0.32+0.005

Aqueous phase

Stirring time 95 min F3 68.13 168.62+7.12  27.92+5.81  0.18+0.005

“Data are given as mean+standard deviation, n=3

Characterization and evaluation of micelles
EE, particle size, zeta potential, and polydispersity index

The results of EE, particle size, zeta potential, and polydispersity
index values are shown in table 4. The EE micelle was satisfactory.
The particle size of micelles was similar with lower polydispersity
indices. Higher zeta potential values represent increased storage
stability of micelles [47].

Surface morphology

The surface morphology of prepared micelles were examined at a
magnification of 45000x by TEM. TEM image revealed the well-

formed spherical and uniform-sized micelles in a size array of 150-
200 nm (fig. 6).

1H NMR and FTIR

The structures of the CAP and polymers were established using 'H
NMR and FTIR. Fig. 7(a) shows 'H NMR spectra of CAP, CS, SA, GA-
CS-g-SA and CAP-GA-CS-g-SA. Spectra of GA-CS-g-SA presented a
pointed signal at d=1.0 ppm; this was endorsed for-CHz-of SA. The
chemical shift of 0.9 ppm and 1.0 ppm could be credited to the-CHs
hydrogen and methylene hydrogen of the stearate group,
respectively. Thus, it has understood that SA was productively
grafted to CS [46]. Similarly, the spectra of GA-CS-g-SA indicated
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added signal at d=3.5-3.65 ppm belonging to GA. From this, it is
apparent how SA and GA functionally joined CS. 'H NMR spectra of
CAP shows distinguishing peaks at 0.90 and 1.31 ppm attributed to
-CH3 and-CH2- protons of CAP, respectively. All distinguishing
peaks of CAP disappeared in both the polymer conjugates, indicating
drug encapsulation in the hydrophobic core of the micelle [23].

Fig. 7(b) shows the FTIR spectra of drug, polymer and formulation
(CAP, CS, SA, GA-CS-G-SA, and CAP-GA-CS-g-SA). The characteristic

i Perturbation

Int ] App Pharm, Vol 15, Issue 4, 2023, 246-256

signals of amide bands I and II of CS were shifted to 1640 cmand
1560 cm-in spectra of grafted polymer, indicating the amide band
between CS and SA. The absorption band of-COOH groups of GA
(1706 cm-1) disappeared in the FTIR spectrum of GA-CS-g-SA,
indicating the formation of the amide bond between-COOH (GA)
and the-NHz (CS) groups. The disappearance of prominent peaks
of CAP indicates internalization within the hydrophobic core of the
polymer [10].
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Fig. 6: TEM image of CAP-loaded micelle (45000x magnification)
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XRD and DSC

The free CAP and freeze-dried products of CAP-GA-CS-g-SA micelles
were examined in solid state by XRD and DSC. XRD markings of
samples are depicted in fig. 8(a). The diffraction peaks of CAP
explain the crystalline character, whereas the disappearance of
these peaks confirms the freeze-dried micelles' products and the
latest solid state [48].
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The DSC curve of CAP presents an endothermic peak (67.1 °C),
noting the melting point. GA-CS-g-SA’s DSC curve has not shown any
characteristic endothermic peak, indicating the formation of a more
stable complex polymer. The melting peak of CAP nearly
disappeared, depicting interaction with the polymer conjugates.
Results indicated an exhaustive interaction of CAP and polymers
existed in freeze-dried products (fig. 8b).

T CAP-GA-CS-p-8A4

Fig. 8(a): X-ray diffraction patterns of CAP and CAP-GA-SA-g-CS; 8(b): DSC curve of CAP and CAP-GA-SA-g-CS

Hemolysis test

Non-toxicity of the formulation is a compulsory requirement;
hence hemolytic performance was determined to identify the
safety and biocompatibility of GA-CS-g-SA and CAP-GA-CS-g-SA
micelles [33, 50]. Fig. 9 shows the hemolytic activity of plain and

drug-loaded micelles. Plain micelles' aqueous suspensions (5
mg/ml) were non-hemolytic. Drug-embedded micelles showed a
safe outline with erythrocytes [39]. Optical microscopic images at
400x magnification presented the existence of erythrocytes with
plain and drug-loaded micelle, thus proving their intactness and
safety [49].

~
A
o

(© ' (d)

Fig. 9: Erythrocytes photomicrographs treated with 11(a) PBS; 11(b) SLS; 11(c) GA-CS-g-SA; 11 (d) CAP-GA-CS-g-SA (400x magnification)
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In vitro drug release

The drug release performance could distress its pharmacokinetic
properties [51]. CAP release from micelles was examined using the
dialysis method. Cumulative release plots were constructed, as
shown in fig. 10. Nearly 50% of the free CAP was released within 2 h

Int ] App Pharm, Vol 15, Issue 4, 2023, 246-256

and almost entirely released during 6 h (99.48+2.56%). CAP release
from drug-loaded micelles showed a slower and sustained release
pattern (86.78% till 24h). The amphiphilic micelle provides physical
and chemical stability. It delivers drugs in a controlled manner, and
CAP release through the micelle core and penetration from the layer
leads to slower release [10, 22, 52].

In vitro CAP release pattern
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Fig. 10: In vitro drug dissolution pattern
Table 5: Stability studies of micelle
Temperature (°C) Time (days) Encapsulation efficiency (%) Particle size (nm) Polydispersity index (PdI)
4+1°C 0 68.39+1.13 166.54+6.72 0.192+0.005
15 67.99+2.12 169.22+4.88 0.182+0.005
30 68.42+0.96 174.33+3.94 0.224+0.005
45 67.12+0.6 169.33+2.4 0.214+0.05
60 68.62+1.06 174.2+3.25 0.184+0.005
90 68.34+1.16 171.9+3.8 0.181+0.005
25+2°C 0 68.39+1.13 166.54+6.72 0.192+0.005
15 68.12+1.76 170.22+4.88 0.182+0.005
30 67.88+1.92 174.33+3.94 0.224+0.005
45 66.12+0.6 167.32£2.1 0.254+0.05
60 67.62+1.6 175.2+3.15 0.185+0.005
90 68.31+£1.26 173.9+£3.58 0.180+0.005
40+2°C 0 68.39+1.13 166.54+6.72 0.192+0.005
15 67.72+0.88 171.12+1.84 0.236+0.005
30 68.12+2.06 176.34+2.12 0.188+0.005
45 68.14+0.16 168.33+2.3 0.234+0.005
60 68.68+1.06 164.92+3.15 0.187+0.005
90 68.34+1.09 172.0+3.8 0.185+0.005

Data are given as mean#standard deviation, n=3

Drug release Kinetics

Drug release information for developed micelles was built into
various Kinetic equations to identify order and CAP release patterns
[40]. The data obtained shows that the regression coefficient value is
near unity for first-order kinetics. Hence it is discussed that the
dissolution rate is positively proportional to the drug concentration
[41]. Also, the conversion of the dissolution study results into
mathematical modelling, such as Higuchi and Korsmeyer-Peppas
plots, which suggests the chance of comprehending the drug release
strategy. The regression coefficient result is close to one for the
Higuchi model, indicating the liberation of the drugs from the matrix
(insoluble) as a square root of time (Fickian diffusion Equation) [51].

Stability of micelles

The storage stability of optimized CAP-loaded micelles was
examined at various temperatures (4, 25, and 40 °C) for three
months. Data of drug content, EE, and particle size of CAP micelles at
the 0th, 15t, 30t, 45t 60th, and 90t day were presented in table 5. At
all temperatures, no discernible change in drug amount was found.

The EE barely changed between 4 °C and 25 °C, indicating that
micelles might protect CAP against deterioration or degradation
[11]. At higher temperatures, the EE dramatically decreased,
indicating that the micelle structure was being disrupted [47]. Mean
particle size steadily inclined along the storage period, which might
be related to the dynamic micellar disassembly and re-aggregation
to produce a comparatively established system. The average particle
size increased over the storage period [23]. Stability experiments
show that polydispersity index readings of CAP micelles were below
0.3, indicating the uniform size allocation.

CONCLUSION

In this study, we synthesized GA-CS-g-SA and prepared polymeric
micelles by optimizing the process parameters with the aid of BBD.
QbD was productively functional for CAP-loaded polymeric micelles
development. The main component affecting particle size was
stirring speed, whereas reaction time and temperature influenced
EE%. The successful grafting of CAP-GA-CS-g-SA was validated by
FTIR, NMR, XRD, and DSC measurements. The hemolysis test has
proven that the micelles were biocompatible. CAP-loaded GA-CS-g-
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SA micelles could increase the solubility and control the release of
CAP from the micellar system. The present study is further planned
to perform in vivo studies to conclude the targeted delivery of CAP
into hepatic cells.
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