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Introduction: The aim of current study was to prepare Linum usitatissimum mucilage (LUM)
based nanoparticles, capable of encapsulating hydrophobic drug ezetimibe as nanocarriers.
Methods: Solvent evaporation and nanoprecipitation techniques were used to develop
nanoparticles by encapsulating ezetimibe in the articulated matrix of polysaccharide frac-
tions. Developed nanoparticles were characterized to determine the particle size, zeta poten-
tial, polydispersibility index (PDI), and entrapment efficiency (EE). Morphology and
physicochemical characterization were carried out through SEM, FTIR, PXRD and thermal
analysis. Saturation solubility and in vitro release studies were also performed. Safety
assessment of ezetimibe loaded nanoparticles was evaluated via oral acute toxicity study.
Results: The mean particle size, zeta potential, PDI and EE for emulsion solvent evapora-
tion were 683.6 nm, —28.3 mV, 0.39, 63.7% and for nanoprecipitation were 637.7 nm, 0.07,
—27.1 mV and 80%, respectively. Thermal analysis confirmed enhanced thermal stability,
whereas PXRD confirmed amorphous nature of drug. Saturation solubility (p-value <0.05)
demonstrated improved solubility of drug when enclosed in linseed nanoparticles.
Nanoprecipitation surpasses emulsion solvent evaporation in dissolution test by possessing
smaller size. Acute oral toxicity study indicated no significant changes in behavioral, clinical
or histopathological parameters of control and experimental groups.

Conclusion: The in vitro release of ezetimibe was augmented by enhancing aqueous
solubility through devised nanoparticles. Thus, linseed mucilage could act as biopolymer
in the fabrication of nanoparticle formulation. The acute oral toxicological investigations
provided evidence that LUMNSs were safe after oral administration.
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Introduction

There has been considerable interest in natural polymers to replace traditional
synthetic polymers. Natural mucilage consists of polysaccharides with numerous
sugar units, connected to form large molecules. Hydrophilic nature of polysacchar-
ides, proficient stability of the assimilated drug, and enzymatic degradability are
exemplary properties that discriminate them from synthetic polymers. Moreover,
biocompatibility, non-toxicity, low allergenicity, biodegradability and chemical
flexibility allow natural polysaccharides to be used in various applications in
biomedical field.'” Hence, the emerging science provides a technology platform
that blends natural polymers and pharmaceutics for the design and development of
drug delivery systems under the new concept of Naturapolyceutics.’
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Linum usitatissimum mucilage (LUM) is extracted from
the hull of linseed by soaking the seeds in distilled water. It
is confined to water-soluble as well as water-insoluble
fractions.” Principal polysaccharides constituents in muci-
lage are arabinoxylans and Rhamnogalacturonan, which
comprise of different fractions of monosaccharides.’
Polysaccharides in linseed mucilage showcase unique and
dynamic properties like swelling (pH-dependent), swelling—
de-swelling ability due to stimuli, reduction of silver and
caping capability, these properties were used to make super-
absorbent hydrogel and silver nanoparticles for wound dres-
sing and antimicrobial action respectively.®”” Nano
assemblies were also prepared using its mucilage and solu-
ble proteins.® by Nasarbadi. Low cost and dynamic char-
acteristics encourage the researchers to use linseed mucilage
in novel drug delivery as a green polymer.

Water-insoluble drugs offer plenty of challenges and
have low dissolution rates. Lack of substantial solubility
demands a system to deliver these drugs to the body while
maintaining its biological action and significant availability
in the biological environment. To overcome this effect
analogs are screened and the pro-drugs approach is consid-
ered. But these maneuvers are not thriving as some mole-
cules get deserted in the developmental process or have
sub-optimal biological properties like poor bioavailability,
deficient dosing eventually indigent patient compliance.’

Ezetimibe is an antihyperlipidemic BCS class II drug
with poor solubility and poor bioavailability. Different
approaches were used to improve water solubility and
oral bioavailability of a drug with a better dissolution
profile.'®!'" Among them, Solid lipid nanoparticles were
prepared on this concept to improve the in vitro perfor-
mance of ezetimibe.'?

During the past four decades, the nanoparticle formula-
tion approach has been employed by the pharmaceutical
industry. A distinct internal phase contains an active phar-
maceutical ingredient with a physical dimension of <I
micron is called nanoparticle.” Biodegradable nanoparti-
cles are often utilized to enhance the therapeutic signifi-
cance of several water insoluble moieties by increasing
solubility, bioavailability, and release time. '3

The emulsion solvent evaporation method is a commonly
employed method of nanoparticle formulation and it is
affected by chemical and physical properties of formulations.
A single emulsion technique is used for hydrophobic drugs.'*
In the nanoprecipitation method (NPM), deposition on inter-
face due to solvent displacement by non-solvent is the

function of nanoparticle preparation and it is a simple and
more feasible method.'?

In this work, Linseed mucilage was used in the devel-
opment of polymeric nanoparticle formulations by emulsion
solvent evaporation and NPMs and ezetimibe was incorpo-
rated. In return, Ezetimibe solubility will be enhanced.
Formulations developed with the aim of improved pharma-
ceutical and pharmacokinetic performance of ezetimibe and
green polymer-based more biological and environmental
formulation will be advocated. Additionally, emulsion sol-
vent evaporation and NPMs were compared. Furthermore,
the influence of different concentrations of polyvinyl alco-
hol (PVA) on Linum usitatissimum nanoparticles (LUMN)
was evaluated.

Materials and Methods

Materials

Ezetimibe of 99.5% purity was received as a gift from
Shazoo Zaka Pvt. Ltd.® (Lahore, Pakistan), The linseed
mucilage was extracted from seeds of Linum usitatissimum
(LUS) that were cured of the local market of Sargodha
(Sargodha, Pakistan), PVA and Tween 80 was obtained
from the College of Pharmacy, University of Sargodha
(Sargodha, Pakistan) (Sigma Aldrich, Germany), Dialysis
membrane was used for dissolution study were purchased
from (traders), (Lahore, Pakistan) and Distilled water was
taken from Industrial plant of the University of Sargodha
((Sargodha, Pakistan). All other chemicals used in this
study were of analytical grade.

Extraction of Mucilage from Linseed

The LUM was obtained by hot water extraction method.
Extraneous materials were removed by picking and siev-
ing of seeds (200 g). Uncontaminated seeds were soaked
in distilled water (1: 9 ratio) at room temperature for 48
hours. Swollen seeds of LUS were passed by 40 mesh
sieve later heated at 80°C for 30 minutes. The thick
exudate was separated by nylon mesh. Defatted mucilage
was obtained by n-Hexane (> 98.0% purity, Sigma
Aldrich, Germany) treatment, the resultant was later
washed thoroughly with distilled water (repeated thrice)
to collect pure mucilage. LUM pellets were obtained by
centrifugation of mucilage at 3500 rpm and the time set
was 5 minutes. Dried LUM was triturated to obtain even
powder of extract and stored in vacuum desiccators.'®
A pictorial illustration of each step (A to J) is presented
in Figure 1.
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Figure | Diagrammatical representation of stepwise extraction process (A-J) of Linseed mucilage.

Percentage Yield of LUM
The percentage yield of LUM was calculated by
Equation 1 that is given below, and means error was
calculated for the process.

W(LUM)

WY 4100
W(LUS)

% LUM yield = Equation 1
Where, W uwmy is Weight of LUM (g) and W us) is

Weight of LUS seeds (g)

Preparation of Ezetimibe LUMNSs by
Emulsion Solvent Evaporation Method

(ESEM)

LUMNSs loaded with Ezetimibe were prepared by o/w
(single emulsion) solvent evaporation technique, adopted
from with slight modifications. The organic phase com-
prised of LUM dissolved in 5% ethanol and drug in
a mixture of ethanol, dichloromethane (DCM), and acet-
one (1:2:1) were dissolved. The aqueous phase consisted
of PVA solution. The organic mixture was emulsified in
the PVA solution (aqueous phase) with the help of
a homogenizer (company) rotating at 2000 rpm for 15
minutes. Afterward, the solvent mixture was rapidly
removed in a rotary evaporator and colloidal suspension
of nanoparticles was collected. Furthermore, the resul-
tant nanoparticle suspension was centrifuged at
15,000 rpm for 10 min to collect nanocarriers. In this
study, various concentrations of the polymer and aqueous
phase were analyzed while keeping all other parameters

constant. Polymer to drug ratio was set as 5:1 and

organic mixture to aqueous phase ratio was 3:1 v/v.
Prepared nanoparticles were freeze-dried and stored at
2-8°C and further used for characterization.'” The com-
position of different Ezetimibe-LUMNSs formulations
developed by this method is given in Table 1 and step-
wise preparation is presented in Figure 2A.

Preparation of Ezetimibe LUMNs by
Nanoprecipitation Method (NPM)

To make organic phase LUM was dissolved in 5% ethanol
that was filtered later and Ezetimibe was dissolved in ImL
of ethanol. The aqueous phase contains distilled water and
tween-80 (surfactant). The organic mixture was added
drop wise into an aqueous mixture at a rate of 1 mL/min.
Organic to aqueous ratio was set at 3:1. Formed nanosus-
pension was centrifuged at 15,000 rpm for 10 minutes and
lyophilized. Collected Ezetimibe-LUMNSs were stored at
2-8°C and furthermore characterized.'* Formulations pre-
pared by this method are shown in Table 2 and the step-
wise preparation of nanoparticles is shown in Figure 2B.

Percentage Yield of the Nanoparticles

The Ezetimibe-LUMNSs were collected. Process yield will
determine the obtained yield when compared to the initial
amount used to prepare the colloidal nanostructures. Thus
the percentage yield was calculated by using Equation 2.'®

W(LUMN)

100
wx)

% yield = Equation 2
Where W (LUMNS) is Weight of LUM nanoparticles (mg)

and W(X) is Weight of theoretical initial solids (mg).
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Table | Preparation of Ezetimibe LUMNs by Emulsion Solvent Evaporation Method

Formulations LUM (mg/mL) Ezetimibe (mg/mL) PVA (%) Homogenizer Speed Time (min)
Fl 0.5 10 | 2000 15
F2 1.0 10 | 2000 15
F3 1.5 10 | 2000 15
F4 2.0 10 | 2000 15
F5 1.0 10 0.75 2000 15
Fé 1.0 10 1.5 2000 15
F7 1.0 10 2.25 2000 15
F8 1.0 10 3 2000 15

Determination of Purity of LUM

Aqueous extract was prepared by dissolving LUM powder
in distilled water. Molish’s reagent and sulphuric acid was
used to identify the presence of carbohydrates. Molish’s
reagent added in the aqueous extract of linseed mucilage,
then sulphuric acid was added.'® Amino acids presence in
extracted powder was checked by dissolving aqueous
extract with Ninhydrin’s reagent.?’

Particle Size and Zeta Potential Analysis

The hydrodynamic size and polydispersibility index (PDI)
and zeta potentials of zeta Polymeric nanoparticles (PNs)
were determined via Zetasizer™ Nano ZS 90 (Malvern
Instruments, UK), operating with a He-Ne laser with water
used as a dispersant to eradicate multiple scattering
(Refractive index: 1.33). For measurements ~5 mg of
Ezetimibe-LUMNSs powder was dispersed in 5 mL of dis-
tilled water, vortexed and analyzed at 90° scattering angle for
30-60 sec at 25°C (viscosity of medium = 0.88, refractive

Table 2 Preparation of Ezetimibe LUMNSs by NPM

Formulations | LUM (mg/ | Ezetimibe Tween 80 (%
mL) (mg/mL) viv)

F9 0.5 10 0.86

FIO 1.0 10 0.86

FIl 1.5 10 0.86

Fl2 2.0 10 0.86

index: 1.59) in a disposable sizing cuvette.?' For zeta poten-
tials, an electrical field was applied and movement of charged
particles was analyzed by electrophoresis. Zeta potential was
measured at 25°C and 15° angle via zeta dip cell, dispersant
used was water with a 1.33 refractive index.”> Obtained
values were articulated as mean values + standard deviation
(SD) (mean £SD, n=3).

Entrapment Efficiency of Ezetimibe-LUMNs
The entrapment efficiency (EE) of Ezetimibe loaded nano-
particles was determined by centrifugation. The prepared

B
N
LA

-~

\j

1

Figure 2 Pictorial representation of stepwise formulation of LUM-Ezetimibe nanoparticles (A) ESEM, (B) NPM.
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colloidal structure was centrifuged at 15,000 rpm for 10
min. The supernatant was collected and dilutions were
made with 6.8 pH Phosphate buffer and at 232 nm the un-
entrapped drug was calculated. The calibration curve of
Ezetimibe was constructed on DD Solver and regressed for
quantitative analysis. The experiment was triplicated and
mean values were recorded + standard deviation (mean
+SD, n=3).%

Ezetimibe Ezetimibe
Entrapment _ (total) B (unentrapped) 1
Efficiency% Ezetimibe(total)
Equation 3

Scanning Electron Microscopy

The shape and surface morphology of PNs was investi-
gated by scanning electron microscopy (SEM) (FEIL
Quanta 250) with 10 kV accelerating voltage. The dried
samples of emulsion evaporation method and nanopreci-
pitation were secured on aluminium stub, mounted by
a double adhesive tape that was gold/platinum-coated by
using a coat sputter. The photographic images were taken
at 20x and 2000x magnification.”*

Fourier Transforms Infrared Spectroscopy

Instrumental Analysis

Chemical spectra of Linseed mucilage, Ezetimibe, PVA,
tween-80, and Ezetimibe-LUMNSs (both methods) were
taken by FTIR using IR prestige-21 Shimadzu, Japan to
evaluate interactions (physical and chemical). Samples
were placed on KBr disc in the form of pellets via KBr
press machine. Chemical images were acquired by in
spectral range 4000400 cm-1 via initial KBr background
scan.”

Thermal Analysis

The thermal stability of PNs was analyzed by a thermal
analyzer (TASDTQ 600, USA). Five milligrams (~5 mg)
of Ezetimibe-LUMNSs (obtained from both methods) were
weighed and taken in an aluminium pan and analyzed.
This sample was scanned at 10°C/min over a range of
50-200°C under a dynamic N2 atm flow rate of 20 mL/
min. An empty cup was taken as a reference.”® DSC and
TGA curves were recorded.?

Powder X-Ray Diffraction
Powder X-ray diffraction (PXRD) evaluates critical fea-
tures like crystalline/amorphous nature of Ezetimibe-

LUMNSs along with purity of sample preparation. Dried
~10 mg of PNs were observed on x-ray diffractometer
(Panalytical, Germany) under a range of Bragg’s angle at
40 kV by using Cu Ka radiation at angular speed of 40/
min between 5° and 50° in 26 and XRD pattern was
reported.?’

Comparative Solubility Studies

The saturation solubility of raw Ezetimibe and Ezetimibe-
LUMNSs acquired from both emulsion evaporation and
NPM were evaluated in 6.8 pH phosphate buffers.
Twenty milligrams of each sample were taken in phos-
phate buffer and continuously shaken at room temperature
for 24 hours. After that samples were withdrawn through
0.45 micron filter paper. The resultant filtrate was analyzed
by UV-Spectrophotometer at 232 nm.?® The Null hypoth-
esis was devised as: There is no difference of solubility
among pure Ezetimibe and Ezetimibe-LUMNs formula-
tions prepared by ESEM and NPM and One-way analysis
of variance (ANOVA) (<0.05) was applied to test this
hypothesis.?’

In vitro Dissolution Test

The dialysis tube method was acquired to determine the
in vitro release of Ezetimibe-LUMNSs. Accurately weighed
5 mg PNs were introduced into a dialysis tube containing
6.8 pH phosphate buffers that were sealed subsequently,
later immersed in 150 mL of 6.8 pH phosphate buffer. The
temperature of the sample containing media was main-
tained at 37°C + 0.5°C and stirred continuously at
100 rpm in USP dissolution apparatus II (Pharma test,
Germany). During 24 hrs of the dissolution study SmL of
sample was wimped out from the outer compartment con-
taining 150 mL 6.8 pH buffer and the same amount of
fresh aliquots receded back into dialysis tubing at 0.25,
0.5, 1, 2, 3,4, 8, 12 and 24 hrs. The collected samples
were filtered to separate the undissolved PNs inside the
dissolution containers. The dissolved drug amount was
quantified via UV spectrophotometer (UV-1700 Pharma
spec Shimadzu, Japan) at 232 nm. The dissolution analysis
was triplicated for each sample. The release amount was
determined by the regression equation and cumulative
drug release was measured by using DDSolver.*’

Evaluation of Drug Release Kinetics

To assess the release profile of Ezetimibe from LUM
nanoparticles model-dependent approach was used. The
model dependent approaches such as zero order, First
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order, Higuchi, Hixson-Crowell, and lastly Korsmeyer-
Peppas were acquired to determine drug dissolution pro-
files on DD Solver software. Afterward, conclusions of all
nanoparticle formulations were drawn for drug release-
kinetics.*'

Statistical Analysis

The data acquired from all experiments were processed in
Microsoft Excel® 2013 (Microsoft Corporation, Redmond,
USA) and DD Solver. All experiments carried out at least
thrice and data were articulated as means + standard
deviation. Statistical analyses were performed by using
an ANOVA to compare saturation solubility of Ezetimibe-
LUMNSs formulated by ESEM and NPM and p-values <
0.05 were deemed significant.'®

Acute Animal Testing

Linseed mucilage based nanoparticles were evaluated for
acute oral toxicity study by using aMaximal Tolerance
Dose (MTD) method. The experiments performed were
in agreement with OECD guidelines and were verified by
the ethics committee of Sargodha University, Sargodha,
Punjab Pakistan (Ref. No. 106-2019/PREC). Swiss albino
mice (30-35 g) of either sex were purchased from Animal
Laboratory Center, Sargodha University. Animals were
kept in clean housed facility in a 12 h light/dark cycle.
Animals were divided into two groups (n=6), standard
laboratory diet was fed with tap water. The weight varia-
tion of mice involved has to be minimal, within £20% of
mean weight. With an intubation cannula LUMNs were
given orally. One group was control and second group was
treatment and given colloidal dispersion of LUMNS.
General clinical manifestations like activity, diet, weight,
signs of illness), and mortality were carried out for two
weeks with twice daily protocol. Blood biochemistry and
gross necropsy were performed after completion of 14
days and microscopically analyzed via prior conserving
in buffered formaldehyde solution (10%) for 48 hours.
Later paraffin fixed, and imaged by hematoxylin and
eosin staining.*

Results and Discussion
Percentage Yield of LUM

The percentage yield of linseed mucilage is 6.2 + 0.2,
obtained from equation 1 by putting mean weight (12.48)
of mucilage and initial weight of LUS seeds. LUM yield
In 2011

sturdily confides in extraction conditions.

extracted linseed mucilage via precipitation by using acet-
one and menthol and 6.5, 7.0 yields were reported respec-
tively. Linseed mucilage generated 3-9% yield when
ultrasonicated by Fabre et al, in 2015.°°3"* Hot water
extraction excludes the use of organic solvent commonly
used to precipitate the extract; hence toxicity related to the
use of unwanted solvents gets eluded.**

Preparation of Ezetimibe LUMNs

LUM-Ezetimibe nanoparticles were prepared by physical
linkage and the illustrative representation of preparation
techniques is presented in Figure 3. LUM possesses
a distinctive property of shrinking down in ethanol.® This
property was
a polysaccharide network of mucilage. Intermolecular

employed to entrap Ezetimibe in
and intra-molecular hydrogen bonding were attributable
to the formation of the polysaccharide network.
Furthermore, PVA as an emulsifier in ESEM and Tween
80 as a surfactant in NPM assembled on the surface of
interfaces to form a monodisperse system of NPs. The
milky appearance indicated nanoparticles formation from
linseed mucilage. Prepared nanoparticles were pelletized
and re-dispersed in distilled water for further evaluation of
particle size and percentage yield. Formulations with min-
uscule size and PDI with finest redispersion capability
highest yield was chosen for further studies.*

Evaluation of LUM Purity

Upon addition of Molish’s reagent in extract followed by
addition of sulphuric acid, the ring was observed at the
junction, which confirmed the carbohydrates presence
Carbohydrate were marked as present, amino acids and
tannins were absent while fats were removed by n-Hexane
during extraction process. Hence purity of linseed extract
was confirmed.*®

Evaluation of Ezetimibe LUMNs

Mean particle size, zeta potential, and mean polydisper-
sibility of LUM-Ezetimibe NPs were determined through
dynamic light scattering (DLS) and measurements are
tabulated in Table 3. The average particle size of all
formulations recorded was ranged between 416-921
nm. The nanosuspension of LUM-Ezetimibe had an aver-
age diameter of 683.6 nm by ESEM and 637.7 nm NPM
in Figure 4A and B. The mean-diameter of LUM sus-
pended nanoparticles was 587.2 nm, it was increased to
637.7 nm after Ezetimibe loading and aggregation was
suspected reason.'® A marked rise in size was observed in
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Method A
—-
LUM dispersion Addition of PVA
(Aqueous phase) Lo
- ‘ Q 1 Ezetimibe
I 27 P
f Tween 80
00 Method B
0%00°
00 OO LUM and Ezetimibe (0
g °° OO %o (Organic phase)
o ©O
o_© %0 Tween 80
°o o O (Aqueous phase)

Ezetimibe solution in organic solvents
Method A (Ethanol, DCM, Acetone)
Method B (Ethanol)

Ezetimibe LUMNSs

Figure 3 lllustrative representation of preparation methods of LUM-Ezetimibe nanoparticles.

higher concentrations of mucilage. As predicted z-aver-
age values were affected by the concentration of muci-
lage used. It is evident in formulation F1 to F4 and F9 to
F12 formulated by NPM mean size of the Ezetimibe-
LUMNSs significantly increased when the concentration
of mucilage increased with respect to Table 3.°7%
A noticeable size reduction was found by the increasing
concentration of PVA.*® Most formulations were in the

range of vascular cut of (380—780 nm), well separated

and homogeneous which portray obliging diffusion into
the vascular site.*” The zeta potentials were recorded as
—15.7 to —29.5 mV. All formulations had negative values
of zeta potential. The F3 formulation zeta potential was
—28.3 mV as in Figure 4C, accredited to ionized car-
boxyl-groups.*' F11 batch zeta potential was —27.1 mV
(Figure 4D); the negative charge was the result of surface
charge density produced by steric hindrance.*' Zeta
potential of both techniques was comparable yet the

Table 3 Z-Average, Size Distribution, (-Potential, Entrapment Efficiency and Percentage Yield of Ezetimibe LUMNSs

Formulations Size* (nm) PDI® ¢-Potential® (mV) % E.E %yield
Fl 532.1 £ 3.8l 0.25 + 0.03 —26.7 £ 0.6 43.75 + 3.6 12.16 + 0.25
F2 516.6 + 2.46 0.28 + 0.02 —272+04 625 £ 45 22303
F3 683.6 £ 4.31 0.39 £ 0.02 —283 + 1.20 63.7 £ 3.6 25 +0.21
F4 921.5 + 3.86 0.45 + 0.05 -233 %09 65+ 39 288 £ 0.29
F5 651.4 £ 291 0.38 £ 0.02 =211 £2.1 83.75 + 4.6 20 £ 0.25
Fé6 522.1 +2.77 0.29 £ 0.03 —-18.1 £ 0.8 825+ 3.9 23 +£0.22
F7 4175 +243 0.23 £ 0.02 -175+23 62.5 £ 3.7 22.5 £ 0.27
F8 390.7 + 3.42 0.13 £ 0.02 -157 £ 13 562 %56 248 £ 0.24
F9 416.2 £ 477 0.23 £ 0.04 -19.9 £ 0.79 69.4 £ 3.7 29+£02
Fl0 519.6 + 3.67 0.29 £ 0.06 -21.3 £ 0.50 725+ 43 31 £0.34
FIl 637.7 £ 291 0.07 £ 0.02 =27.1 £ 1.12 80 + 4.9 33£026
Fl12 809.9 + 2.30 0.39 £ 0.02 -299 + 1.73 81.25 £ 4.6 352 +0.25

Notes: * Z-average, ° Polydispersibility, © Zeta potential.
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Figure 4 (A) Size distributions of F3 formulation (B) Size distribution of FI | formulation (C) Zeta potential of F3 formulation (D) Zeta potential of FI | formulation (E)
Zeta potential of F5, F6, F7 and F8 formulations (F) Particle size of F5, Fé, F7 and F8 formulations.

emulsion solvent evaporation method showed good out-
come (Figure 4). Furthermore, the (-potential analysis
helped to find long term stability of LUMNSs, as PNs
showed higher zeta potential is negative (-) value for all
batches. This verified particle stability due to the pre-
sence of repulsive forces which prevents coalescence of
nanoparticles with time waning. In Linseed polysacchar-
ide loaded with docetaxel LP-DTX NPs —31 mV zeta-
potential was reported by Haseeb et al attributable to
carboxylic group ionization on the surface of NPs.'
Formulations prepared by ESEM showed lower zeta-
potentials due to the shielding effect on the charged sur-
face. PLGA nanoparticles have —45 mV zeta potential.**
decrease in (-potential of amphiphilic polymer-coated
PLGA nanoparticles was observed by Redhead in 2001

and PLGA nanoparticles layered with PVA also exhibited
lower zeta-potential.****

PDI of Ezetimibe LUMNs was appeared to be under
0.45 on the PDI. F11 formulation with 0.07 + 0.02 PDI
exhibited monomodal polydispersibility. PDI is the index
of variation, Ezetimibe LUMNSs displayed good particle
size distribution which points toward potential stable can-
didates of drug delivery.**

The percentage yield of Linseed mucilage based nano-
carrier formulations was estimated via equation 1 and
reported in Table 3. The concentration of polymer played
its role in the final yield of the product, as the concentra-
tion of polymer was higher in F4 and F12 formulations so
they manifested a greater percentage yield of 28.8 + 0.29
and 35.2 £ 0.25 respectively. Due to the direct relation
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between mucilage concentration and %age yield, when
polymer amount is increased, the percentage yield also
escalates.*’

For measurement of the actual amount of Ezetimibe
present in NPs dilutions were made in 6.8 pH buffer for
determination of EE. Details of EE are present in
Table 3 owing to be 43.75 £ 3.6 to 83.75 + 4.6. The
amount of mucilage used has a definite effect on EE, as
it increases with respect to an increase in LUM concen-
tration. The presence of emulsifying agent and surfac-
tant also affect the efficiency of nanoparticles to entrap
drug."”

Influence of PVA Concentration on Pharmaceutical
Properties of Ezetimibe LUMNSs

A descending behavior in Ezetimibe LUMNSs size from
651 £ 2.9 to 390.7 + 3.42 was observed as a result of an
increase in concentration in Table 3 when nanoparticles
prepared by emulsion ESEM. Higher concentrations of
PVA, when used as an emulsifying agent, reduced particle
size in Figure 4F markedly because of additional PVA
presence at the interface.*® The density of the formed
emulsion was increased due to higher concentration
which augmented shear stress and further hindered parti-
cles to aggregate. As a result, smaller size particle with
good particle distribution was observed.*” On the other
hand EE of LUM-Ezetimibe nanoparticles decreased due
to the smaller size of NPs.!” { potential also became under
the influence of PVA concentration as it decreased with an
increase in concentration. Residual PVA plays an impor-
tant role in the extraneous phase formulation, in lower
concentration (F5) PVA is 0.75% and —21.1 zeta potential
which decreased to —15.7 in F8 as shown in Figure 4E due
to uncapped carboxylic group as a result lower shielding
effect.® A higher concentration of PVA has a propensity
to be hydrophilic on the hydrophobic core.*?

Fourier Transforms Infrared Analysis

Fourier transforms infrared (FTIR) spectrometric analysis
was performed to observe the compatibility of mucilage,
drug, PVA, and tween-80, additionally, the chemical struc-
ture of drug was evaluated, and confirmation of developed
Ezetimibe LUMNS. Overlays of FTIR spectrum of Linseed
mucilage (LUM), Ezetimibe, PVA, Tween-80, drug-loaded
nanoparticles and unloaded nanocarriers developed by
both methods of ESEM and NPM are depicted in
Figure 5A and B, respectively.

The major Stretching frequencies of LUM-Ezetimibe
NPs reflect the presence of LUM functional peaks of OH
(333299 cm-1), CH (2856.59 cm-1) and COO-
(1685.79 cm-1), COH (1112.93 cm-1) and COC (glycosidic
linkage) 1037.70 cm-1 at were observed by both techniques
of preparation.'® Arabinoxylan and rhamnogalacturonan are
principal constituent polysaccharides. These spectral study
results confer the presence of highly branched polysacchar-
ide of LUM containing galactose, rhamnose, galacturonic
acid, xylose and fucose, which were in agreement with
relevant spectral fingerprint peaks of Quin, Emaga and
Oomah et al, findings.*”>° Pure Tween 80 (C=C at
1508.33 cm-1 and C-C 954 cm-1) and PVA presence in
unloaded nanocarriers were marked by CH and C-C peaks
with of 2927.94
947.05 cm-1 which are different from their individual

stretching  frequencies cm-1  and
FTIR plot. This deviation inferred their contributional rela-
tion due to the inter linkage of PVA and LUM due to the
synthesis of NPs.

The characteristic peak of Ezetimibe at 1213.23 cm-1 of
CN bond, CF peak signal mark presence at 1371.39 cm-1
on spectra, other stretching vibrations of C=C, C00- and CH
bonds was observed at 1510.26 c¢cm-1, 1710.86 cm-1 and
2885.51 cm-1 respectively (Figure 5A and B). The charac-
teristic IR band of Ezetimibe in NPs is shown in Figure 5
Drug peaks at 1230.58 cm-1and 1246.02 cm-1 showed CN
stretching  vibrations, C=C at 150641 cm-1 and
1510.26 cm-1, CH at 2926.01 cm-1 and 3012.81 cm-1
confirmed principal absorption peaks. The spectra do not
show any shift in drug peak, which infers that the drug and
other formulation excipients showed no interaction chemi-
cally in the fabricated formulations when prepared by both
techniques.”!

Thermal Analysis of Ezetimibe LUMNs

Thermal analysis was carried out and comparative TGA
and DSC thermographs of pure drug, LUM, unloaded
LUMNSs, and Ezetimibe LUMNSs fabricated by ESEM
and NPM were taken to evaluate crystalline properties
and thermal stability. This analysis, on the other hand,
acts as a primary tool for gaining information about the
formation of a new form. DSC curve of pure drug
Ezetimibe, (A) DSC of nanocarriers prepared by ESEM,
(B) DSC of nanocarriers prepared by NPM is shown in
Figure 6. DSC curve of pure drug Ezetimibe presented
a distinctive endothermic peak at 165.4°C, implying crys-
tallinity of the drug sample. This endothermic peak’s
onset was at 163°C and recovery at 169°C and a sharp
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Figure 5 (A) FTIR overlay of LUM, Ezetimibe, PVA, unloaded LUM nanoparticles and Ezetimibe loaded LUM nanoparticles prepared by ESEM (B) FTIR overlay of LUM,
Ezetimibe Tween 80, unloaded LUM nanoparticles and Ezetimibe loaded LUM nanoparticles prepared by NPM.

peak at 165°C corresponds to the melting point of the
drug. When prepared by ESEM (A) and NPM (B), it is
evident that the corresponding endothermic peak of the
drug in Ezetimibe LUMNSs formulations was poorly
defined and slightly shifted which indicated amorphiza-
tion of Ezetimibe and nonexistence in the crystalline
state.

Figure 6 also indicates TGA of Ezetimibe, (A) TGA of
nanocarriers prepared by ESEM (B) TGA of nanocarriers
prepared by NPM. It is evident from the TGA thermogram

that both formulations showed three stages of degradation
when compared with the drug. Three Steps degradation can
be explained as firstly loss of moisture and impurity and
secondly carboxylic acid degradation came into account and
further. The foundation of stability was attributed due to less
water retention and instigate cross linking of mucilage with
emulsifying agents during formation. TGA further showed
that weight loss up to 280°C by both techniques was almost
comparable as 12.22% and 11.21% with ESEM and NPM
respectively. Thermogram of the pure drug indicate that after
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Figure 6 DSC of Ezetimibe, (A) DSC of nanocarriers prepared by ESEM, (B) DSC of nanocarriers prepared by NPM, TGA of Ezetimibe, (A) TGA of nanocarriers prepared

by ESEM (B) TGA of nanocarriers prepared by NPM.

melting decomposition of drug starts at 340°C but when
incorporated in the formulation the decomposition tempera-
ture increased up to 15°C, indicating thermal stability of the
fabricated formulations. The residual weights of 47.64% at
352°C and 48.22% at 356°C of ESEM and NPM formula-
tion remained respectively. When two methods were com-
pared, it showed that nanoprecipitation had better stability
because the formation of the emulsion during the emulsion
evaporation method is sensitive to a higher temperature as it
forms a thermodynamically unstable system.>> Thermal ana-

lysis shows the consensus of findings with PXRD results of
this study.>

Powder X-Ray Diffraction

XRD analysis was employed to determine the physical
characteristic and crystallinity of drug-loaded nanocarriers.
An overlay of the XRD of Ezetimibe, (A) LUM nanocar-
riers prepared by ESEM, (B) LUM nanocarriers prepared
by NPM is presented in Figure 7. Powder X-ray diffraction
pattern of Ezetimibe displayed characteristic sharp peaks
at 20 = 10.095°, 10.105° 21.135°, 23.69°, 29.86°, 36.08°,
40.35° 41.78° and 44.70° which confirms its crystalline
nature. The drug loaded sample of emulsion evaporation
method (A) showed peaks at 20 = 10.96°, 19.64°, 26.42°,
and 45.2°. LUM-Ezetimibe nanoparticles prepared by
nanoprecipitation presented peaks at 20 38.77°.
Formulations prepared by both methods had a lower inten-
sity and dense diffractograms. The characteristic peaks of
Ezetimibe were absent in Ezetimibe LUMNSs which sig-
nify amorphous dispersion in polymeric nanocarriers with
a smaller size. No fingerprint peaks of drug entail that the

drug particles had interpenetrated into a polysaccharide
network of mucilage.>*

Scanning Electron Microscopy

SEM analysis showed that Ezetimibe LUMNs appeared as
aggregate in clusters while possessing heterogeneous par-
ticle sizes (Figure 8A and B). Ezetimibe loaded nanopar-
ticles prepared by emulsion solvent evaporation method
presented a usual spherical like morphology yet slightly
rough surface as shown in Figure 8A, moreover among
spherical particles solid links can be eminent at greater
magnification (Figure 8B). When nanoprecipitation was
compared with the emulsion solvent evaporation method
the pictogram revealed elongated and denser and very
rough surfaces with heterogeneous sizes. Pictorial results

of SEM analysis are in agreement with the experimental
study in section 3.2.>°

Comparative Solubility Studies

The saturation solubility of pure Ezetimibe was compared
with nanoparticle formulations prepared by ESEM and
NPM respectively, the p-value observed was 0.000854
and 0.00047 respectively (Figure 9B and C). The fabri-
cated Ezetimibe LUMNs by ESEM and NPM respectively
showed a higher level of saturation solubility than indivi-
dual drug. This employed that solubility of Ezetimibe will
be increased by encapsulation in nanoparticles. Thus, this
anticipated that the Null hypothesis was rejected because
there is a significant difference of solubility among pure
Ezetimibe and Ezetimibe-LUMNSs formulations prepared
by ESEM and NPM (Figure 9). Saturation solubility of
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Figure 7 PXRD spectra of Ezetimibe, (A) LUM nanocarriers prepared by ESEM, (B) LUM nanocarriers prepared by NPM.

Figure 8 SEM image of (A) LUM nanocarriers prepared by ESEM, (B) LUM nanocarriers prepared by NPM.

LUM-Ezetimibe nanoparticles by NPM technique exhib-
ited a relatively higher level of saturation solubility as
compared to ESEM in Figure 9A. This implies enhanced
drug solubility in the nanocarrier system due to reduced
particle size and crystallinity of drug as proficiently deter-
mined by XRD and thermal analysis data. Due to the
amorphous structure and reduced size attained by nano-
carriers will increase the vapor pressure which in return
increases solubility.*

In vitro Dissolution Test

In vitro release studies of LUM-Ezetimibe NPs formulated
by emulsion solvent evaporation and NPM at pH 6.8
graphically presented in Figure 10. The dissolution profiles
of Ezetimibe LUMNSs prepared by ESEM and NPM were
determined at pH 6.8 at 37°C + 0.5 °C on the USP
dissolution apparatus. Figure 10 represents an extrapola-
tion of Ezetimibe released from LUMN and Table 4 shows
release profile data. PNs samples of ESEM and NPM since
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Figure 10 Percentage Ezetimibe release of Fl to F4 and F9 to FI2 LUM-Ezetimibe formulation.

both formulations attained a maximum drug dissolved sum
of 80.32 £ 0.1% and 83.07 + 0.8% respectively at 24
hours. Hasty released was observed at the start which
was attributed as the presence of drug at the surface.
A similar pattern of release was observed by maximum
drug dissolved in 4 hours was up to 45% and 40% by
NPM and ESEM respectively.'?

The dissolution test of Ezetimibe LUMNSs samples
demonstrated an enhancement of in vitro pharmaceutical
properties when formulated as a nanocarrier system. The

in vitro dissolution profile found to be in agreement with

other hydrophobic moieties when fabricated as nanocarrier
systems, due to extension of the surface area available led
to the improved dissolution of the drug by acquiring
prompt saturation in the vessel. The comminution of the
hydrophobic drug to the nano-size range is attributable to
enlargement in particle curvature, hence increased dissolu-
tion pressure observed. The smaller size improved wett-
ability allowed reaching higher saturation concentration of
the drug.’® In a comparison of both methods, nanopreci-
pitation showed comparatively better dissolution profile
data than ESEM. This implies hydrophobicity of PVA
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Table 4 Correlation Co-Efficient (R?) and Release Exponent (n) of Various Kinetic Models

Formulations Release Models
Zero order First order Higuchi Korsmeyer-Peppas Hixon Crowell
R? R? R? R? n R?
Fl 0.5348 0.8267 0.9865 0.9909 0.445 0.7505
F2 0.5525 0.8861 0.9892 0.9914 0.457 0.8167
F3 0.6658 0.9232 0.9904 0.9918 0.497 0.8755
F4 0.5581 0.9444 0.9878 0.9905 0.453 0.8964
F9 0.7319 09153 0.9899 0.9912 0.494 0.8739
F10 0.4202 0.8703 0.9772 0.9822 0.421 0.7916
FIl 0.6701 0.9447 0.9909 0.9946 0414 0.9010
FI2 0.5349 0.9395 0.9859 0.9916 0.443 0.8934

and also viscous formulation prepared with different con-
centrations of PVA which are responsible for complex
formation with LUM."*

Evaluation of Drug Release Kinetics

Ezetimibe LUMNS release kinetics evaluated with Model
dependent approaches (Zero-order Model, First-order
Model, Higuchi Model, Korsmeyer-Peppas Model, and
Model) are tabulated in Table 5.
Correlation coefficient values confirm that drug release
kinetics of formulations prepared by ESEM and NPM
intently fit the Korsmeyer Peppas Model with R2

Hixon-Crowell

Table 5 Clinical Observations of Acute Oral Toxicity Test for
LUMNs Formulations

=0.9946 and Higuchi Model with R2 =0.9909 respectively.
Higuchi and Korsmeyer-Peppas model were selected on
criteria rooted on the bases of the goodness of fit which
signifies the correlation coefficient (R2) close to 1. The
multiple release mechanism responsible for active release
is erosion, swelling of the polymer matrix, chemical inter-
action of drug-polymer and diffusion. All formulations
were in agreement with the Fick’s law. As release expo-
nent values were ranged between (0.41-0.49) and pro-
the diffusion
mechanism while being polydisperse system. The extent

posed Fickian release and follow
of cross linking of LUM is also an important factor other

than diffusion.'®>7>8

Clinical and General Signs of Acute
Toxicity

In acute oral toxicity study, no death was observed over
the period of 14 days in both groups. None of the
animals showed change in appearance significantly dur-
ing observation phase. All animals (both controlled and
treatment groups) presented insignificant alteration in
weight gain when given 5000 mg/kg dispersion of
LUMNSs orally (Table 5). All vital organs like liver,
kidney, lungs, heart, spleen and stomach were remained
unaffected throughout treatment period. The effects of
oral intake of LUMNSs on body weights, nutrient intake
were recorded in Table 5. Physical characteristics of
mice were normal and no significant change in behavior
was found. Furthermore casual consumption of food and
water in the treatment group shows normal physiologi-
cal status. While conducting the toxicity study neither
mortality nor any signs of illness (runny nose, vomiting,
salivation and eye irritation) were observed. Pursuant to
globally harmonized (GHS), for

system testing

Observations Group Group Il (LUMNSs
I (Control) | Treated) 5000 mg/kg/b.wt
Signs of illness Nil Nil
Body weight (g)
Pretreatment 28.5+3.2 28.3+4.5
Day | 29.8+3.4 30.4+1.2
Day 7 305 £1.2 333122
Day 14 31.4+3.1 34519
Water intake (mL)
Pretreatment 8 I 10 £1.5
Day | 8 +I.5 85+14
Day 7 10 £1.2 12 £1.3
Day 14 9 %13 9.5 £2.5
Food Intake (g)
Pretreatment 5+0.8 5515
Day | 6.6 £0.7 7.5 10.8
Day 7 7 1.1 76 £1.0
Day 14 7.5%1.2 8.0 £0.6
Mortality Nil Nil
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Table 6 Biochemical Blood Analysis of Control and LUMNs
Treated Group

Haematology Group Group Il (LUMNs Treated)
and Biochemical | I (Control) | 5000 mg/kg/b.wt
Analysis

Hb g/dL 14.0%1.1 14.3+2.5

WBCs X 10°/uL 4.3+0.51 5.1+£0.88

RBCsX 10%/uL 8.52%1.1 8.85%1.5
Plateletsx 10%/puL 1319+2 1081+6
Monocytes% 1+0.34 1+£0.45
Neutrophils% 24+3.95 2+0.78
Lymphocytes% 96+3 94+3.45

MCV 53.5+£3.37 52.4+2.23

MCH 16.3+0.19 17+0.51
MCHCg/d 30+0.97 31.8+0.37

ALT (1U/) 55+0.19 63+0.34

AST (1U/l) 203£1.2 246%1.9
Creatinine (mg/dl) 0.39£2.23 0.44+2.23

Urea (mg/dl) 59+3.06 38+1.23

Uric acid (mg/dl) 3.4+2.63 4.8+1.09
Cholesterol (mg/dl) | I16xI1.3 137+£0.9
Triglyceride (mg/dl) | 90+0.23 85+0.7

chemicals LD50 value is greater than 2000 mg/kg dose
(category 5) and toxicity score is zero. Therefore,
LUMNSs formulation was in agreement with category
five having zero toxicity score.>’

Biochemical Blood Analysis

Blood is the imperative narrator of chemical toxicity
produced physiological and pathological conditions.
Blood chemistry, kidney, liver and lipid profiles of pla-
cebo (control) and treatment group are given in Table 6.
The AST and ALT levels presented a little boost, which
is valuable indicator of mutilation of liver parenchyma
related liver abnormalities. The ALT level of control
group was observed to be 55 IU/L and 63 IU/L in
treatment group, both groups were found in reference
range (28-184 IU/L) in mice. Similarly AST value of
untreated group was 203 IU/L, while in LUMNS treated
group was 246 IU/L. Creatinine, urea as well as lipid
profiles were observed in normal range. That indicated
no sign of toxicity in blood, liver and kidney of mice.

With no major variation all hematological parameters of
untreated and treated groups were in reference range and

comparable.®’

Histopathological Study

The microscopic evaluation of control and LUMNS trea-
ted group disclosed that no histopathological lesions
were found in liver, heart, kidney, intestine, stomach
and spleen with normal ranged organ weight (Table 7).
The myocardium tissues showed optimal integrity
(Figure 11). Normal lobular architecture was observed
in hepatic parenchyma (Figure 11) but in portal tracts
a mild inflammation was revealed. Normal pathology of
spleen, stomach mucosa, interstitial mucosa and a mild
interstitial inflammation demonstrated no degenerative
change (Figure 11). Hence vital organs found to be

free from significant pathology.

Conclusion

Round shaped Ezetimibe LUMNs with size ranged
between 416-921 nm were attained by subjecting
Ezetimibe in a polysaccharide network of the mucilage
of LUS by emulsion evaporation and NPMs. The phar-
maceutical properties and efficacy of ezetimibe were
enhanced, and ezetimibe LUMNs confer better solubility
furtherance  improved dissolution study profile.
Nanoprecipitation does better than emulsion solvent eva-
poration as it consumed less energy, no spare solvent
used, more facile, and due to smaller size of Ezetimibe
LUMNSs confer better solubility. Different assorted con-
centrations of PVL serve as an imperative aspect that
will modulate the pharmaceutical properties of Ezetimibe
LUMNSs. This work concludes that linseed mucilage is
a resourceful alternate to synthetic polymers furtherance
can be employed as green polymer-based nanocarriers
for the delivery of therapeutic agents. The acute oral
that

LUMNSs were non-toxic, biocompatible and safe after

toxicological investigations provided evidence
oral administration and a promising candidate for oral

drug carrier.

Table 7 Effect of Oral Administration of Hydrogel on the Organ Weight (Gm) of Mice

Treatment Groups Heart Liver Lung Kidney Stomach Spleen

Control 0.60 = 0.71 6.11 £0.12 0.62 + 0.21 0.96 + 0.07 1.38 + 0.4 0.57+0.20

Treatment 0.53 £ 0.01 5.70 £0.22 0.49 = 0.01 120 £ 0.11 1.6 +0.20 0.89+ 0.11
International Journal of Nanomedicine 2021:16 https: 4593
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Figure |1 Histopathological investigation of control and treated group.
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