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Abstract

According to definition, polymeric nanoparticles exist as tiny, solid, colloidal particles ranging from 1-
1000 nm in size, manufactured from biodegradable and biocompatible polymers, lipids, or metals. Polymeric
nanoparticles have attracted substantial attention in various fields, including imaging, and diagnostics, and are
considered as interesting choices for drug delivery and targeting. The synthesis and stabilization of nanoparticles
are crucial for their successful application. lonic liquid-based surfactants (ILBS) have emerged as promising
solvents and stabilizers owing to their distinct features, like minimal volatility, high thermal stability, and
customizable physicochemical properties. It is distinguished from commercially available surfactants by
outstanding features such as low critical micelle concentration (CMC), improved wetting and foaming
capabilities, in addition to strong solubilization ability. The present work aimed to formulate polymeric
nanoparticles using ILBS, 1-tetradecyl-3-methylimmidazolium bromide (TDMB) as a stabilizer to improve
Nimodipin's poor solubility and dissolution rate. They were produced using the nanoprecipitation method. Results
show that most of the prepared NID-PNP formulations exhibited particle sizes in the nanoscale range. The
optimized formula (F5), stabilized with ionic liquid 0.5% and soluplus prepared under a stirring speed of 1000
rpm, exhibited a particle size (64.33nm) and PDI (0.067). Moreover, it displayed an enhanced dissolution rate
96% in phosphate buffer pH 7.4 with 0.5%Brij-35 within 20 minutes, compared to the pure NID 15.4 % in the
identical media. Collectively, Nimodipine polymeric Nanoparticle significantly enhanced the solubility and
dissolution velocity of NID and offered an encouraging nano platform for hydrophobic drug delivery.
Keywords: lonic Liquids-Based Surfactant, Nanoparticles, Nanoprecipitation, Nimodipine
Introduction

Enhancing the solubility and dissolution rate of PNP can be categorized into bottom-up

of poorly water-soluble drugs is of significant
importance. Several techniques are used such as salt
formation, pH adjustment, complexation, solid
dispersions, and particle size reduction via
micronization and nanonization®. Nanotechnology
is a technique that produces materials at ananoscale
level and has a crucial role in optimizing the
potential of nanoparticles and their respective
applications. Polymeric nanoparticles (PNPs) and
microspheres, as well as liposomes, have emerged
as versatile drug delivery platforms and have shown
considerable promise in improving therapeutic
effects. Particles with at least one dimension smaller
than 100 nm are included in the large class of
materials known as PNPs @. Based on their size,
shape, and chemical composition, NPs can be
broken down into several distinct categories such as
carbon NPs, metal NPs, polymeric NPs, and lipid
NPs® 4, Two methods employed for the preparation

approaches such as precipitation and top-down
approaches including media milling ®, emulsion
solvent diffusion, high-pressure homogenization,
and Nano-Edge technology ©®.The PNPs are either
nanocapsules, whereby the solid mass is entirely
encapsulated within the particle @, or nanospheres,
where the whole mass is usually solid and the other
molecules are adsorbed at the outside border of the
spherical surface ®. The success of these NPs hinges
on their ability to efficiently encapsulate and deliver
therapeutic agents, as well as their stability and
biocompatibility. To address these challenges,
researchers have turned to novel surfactants, such as
ionic liquids, to enhance the formulation and
performance of PNP  ©1Yjonic liquid-based
surfactants (ILBS), have been known for over 100
year and has grown significant attention recently due
to their potential to be used in PNP formulation and
improve drug delivery systems. It is distinguished
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from commercially available surfactants by
outstanding properties such as high thermal stability
low vapor pressure, non-flammability, low critical
micelle concentration (CMC), improved wetting and
foaming capabilities, strong solubilization ability,
and biocompatibility, making them promising
alternatives and attractive candidates as surfactants
in NPs formulation®?.The ILBS can stabilize and
control the size and morphology of PNP®®), They
can act as emulsifiers, preventing aggregation and
aiding in the homogenous dispersion of hydrophobic
drugs. Furthermore, the tunable nature of IL allows
for the tailoring of their structures to achieve specific
interactions with polymeric materials, thereby
influencing drug loading capacity, release kinetics,
and overall NP stability®™ . Various techniques,
such as emulsion polymerization, nanoprecipitation,
and microfluidic synthesis were employed to obtain
NPs with controlled sizes and properties.
Additionally, they can modify the surface chemistry
of NPs, imparting stealth properties to evade the
immune system and enabling targeted drug delivery
to specific tissues or cells®®: 1),

An effective calcium channel blocker (NID) which
acts via its influence on vascular smooth muscle
cells, by maintaining the inactive conformation of
voltage-gated L-type calcium channels. By
obstructing the influx of calcium into smooth muscle
cells, NID reduces calcium-dependent smooth
muscle contraction and resultant vasoconstriction
(1820) The impact of NID is more pronounced on
cerebral circulation than on peripheral circulation. It
is employed as an adjunctive therapy to enhance the
neurological outcomes of individuals suffering from
subarachnoid hemorrhage caused by ruptured
intracranial aneurysms. Nevertheless, its limited
solubility which is contingent upon dissolution,
reduced NID oral bioavailability®. The purpose of
this work was headed for preparing NID-loaded NPs
using ILBS to improve solubility and dissolution
rate and study the effects of variableson particle size
such as polymer and stabilizer type and ratio. To
overcome short storage life, NID-PNP were freeze-
dried to be evaluated through DSC, FTIR, XRD, FE-
SEM, AFM and comparative drug release from PNP
was also considered.

Materials and Methods
Materials

Nimodipine was purchased from Zhejiang
Shenzhou pharmaceutical Co., LTD, China. Ethanol
was purchased from Honeywell International Inc.,
USA. Soluplus® was purchased from BASF,
Germany. Poloxamer 188 from Hyper Chem, China,
PVA from Central Drug House, India. 1-tetradecyl-
3-methylimidazolium bromide (TDMB) from Hyper
Chem, China. Brij® -35 from Central drug house,
India. Dialysis bag 8-14 kDa Lab Pvt. Ltd USA.
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Amicon ultrafilter with a (MWCO 3kDa. Merck(
sigma-Aldrich). All other chemicals were of
analytical grade
Methods

Preformulation studies were done by
determining the saturated solubility of the pure NID
utilizing shake-flask method by dissolving excess
quantity of NID in 10 ml tubes containing either
water or phosphate buffer solution (PBS) pH 7.4
both with 0.5% brij® -35(polyoxy ethylene lauryl
ether)@?, The drug was shaken at 25+0.5°C in water
and 37+0.5°C in PBS for 72 hr. with regular
agitation. At equilibrium, solutions were filtered and
examined using a Shimadzu UV-spectrophotometer
at a wavelength of maximum absorbance @324 The
thermal behavior of pure NID was investigated
using Differential Scanning Calorimetry (DSC) with
DSC-60, Shimadzu, Japan. Nitrogen gas was
employed as the purge gas in the DSC cell, with a
flow rate of 50 ml/min and 100 ml/min through the
cooling unit. A representative portion (5-10 mg) of
the sample was subjected to thermal treatment using
aluminum pans. The heating process for each
sample was initiated at 40°C and gradually increased
to 300°C at a rate of 10°C per minute@s 26),
Additionally, Fourier-transform infrared
spectroscopy (FTIR) by (FTIR-8300 Shimadzu,
Japan) was studied for pure drug, by grinding NID
with potassium bromide (KBr) and pressing it into a
thin disc using a specific process and scanning at
waves number (4000-400 cm™) to compare and
identify any potential interactions and chemical
changes between NID and excipients employed
during NPs formulation®”: 2),Solvent - antisolvent
precipitation method (nanoprecipitation) was
utilized for preparing PNPs, where precisely
weighed amounts(30 mg) of NID and polymer such
as poloxamer 188(p-188) and  polyvinyl
caprolactam—polyvinyl acetate—polyethylene glycol
graft copolymer (Soluplus®), in different weight
ratio  (1:1,1:2,1:4, 1:8) were dissolved
simultaneously in 3 ml of ethanol, as organic phase,
and by using syringe needles to inject dropwise into
aqueous phase, in volume ratio (1:9), that containing
ionic liquid based surfactant (1-tetradecyl-3-
methylimidazolium bromide -TDMB 0.5%)
(Figure.1), polyvinylalcohol (PVA 1%) as stabilizer.
The resultant solution was prepared using magnetic
stirrer at a speed of 1000 rpm at 25°C at a rate of 0.5
ml/min, mixing for one hr. to allow the organic
solvent to be evaporated. The composition of

prepared NID-PNP formulas is listed in Table 1¢®
30)



Iragi J Pharm Sci, Vol.34(1) 2025

chw o
N
ek
CH

1-tetradecyl-3-

3

Figure 1.  Structure of
methylimidazolium bromide

Characterization of NID -PNPs
Particle Size and Polydispersity Index

The determination of PS of all NID-PNP
formulations was conducted at ambient temperature
through the application of a dynamic light scattering
(DLS) approach, utilizing a Malvern zetasizer
particle size analyzer (Uitra Red, USA) model. The
measurements were taken at a scattering angle of
90°. The aforementioned methodology quantifies
the dispersion of particles undergoing Brownian
motion, subsequently translating it into dimensions
size distribution ©°32.33_ Additionally, the impact of
polymer and stabilizer type and concentration on PS
plus entrapment efficiency (EE) were studied.
Entrapment Efficiency

Nimodipine polymeric nanoparticles

The (%EE) was determined by subjecting 4
ml dispersion to centrifugation at 3000 rpm for 15
min using an Amicon ultrafilter with a molecular
weight cut-off (MWCO) of 10 kDa. This procedure
allowed for the quantification of drug content
encapsulated inside the PNPs. The quantity of
unbound drug was assessed using
spectrophotometry, specifically by measuring the
UV absorbance at a wavelength of 237 nm. The
amount of drug trapped within the system was then
computed using Equation (1) ¢4,
A(total)—A(free)

%EE = Ttal)x 100 EQ(].)
Where
% EE: refers to the entrapment efficiency percentage
A (worar): The overall amount of drug.

A (ree): The free amount of drug.
Solubility Determination:

A volume (1.5ml) of selected NID-PNP was
dissolved in 2 ml of distilled water and shaken for
24 hr. Tubes were centrifuged and the clear
supernatant was filtered through 0.45u filter syringe,
properly diluted, and spectrophotometrically
measured at 238 nm to be compared with pure NID
solubility, Triplicates of each experiment were
conducted 73339,

Table 1. Composition of prepared NID-PNP formulations

F | NID polymer NID: polymer Ethanol stabilizer | Stabilizer conc. O/A* Speed (rpm)
(mg) type ratio w/w ml type %w/v volu_me
ratio
F1 |30 p- 188* 11 3 PVA* 1% 1:9 1000
F2 | 30 p- 188 1:2 3 PVA 1% 1:9 1000
F3 |30 p- 188 1:4 3 PVA 1% 1:9 1000
F4 | 30 p- 188 1:8 3 PVA 1% 1:9 1000
F5 | 30 Soluplus 11 3 TDMB* | 0.5% 1:9 1000
F6 | 30 Soluplus 1:2 3 TDMB 0.5% 1:9 1000
F7 |30 Soluplus 1:4 3 TDMB 0.5% 1:9 1000
F8 | 30 Soluplus 1.8 3 TDMB 0.5% 1:9 1000

P-188* (poloxamer-188), PVA (polyvinyl alcohol), TDMB* (1-tetradecyl-3-methylimidazolium bromide) o/A*

(Organic/agueous volume ratio)

In- vitro NID Release

To accomplish a more thorough examination,
the release behavior of selected NID-PNP formulas
was studied. Three milliliters mL of dispersion,
(equivalent to 3.3 mg NID) using a USP Type Il
dissolution apparatus with a dialysis bag (MWCO
8000-14000 Da) that was pre-soaked with
dissolution medium overnight through which
sample was placed inside. The membrane was
attached to the paddle and immersed in 200 ml of
PBS, pH 7.4 with 0.5% brij-35 at 37 + 0.1°C and 100
rpm. At regular intervals of 5, 10, 15, 30, 45, 60, and
90 minutes, 5ml of the sample were collected,
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filtered through 0.45 pm syringe filter, and
subsequently analyzed spectrophotometrically, to
keep the sink condition, five milliliters of fresh
buffer solution was added after each withdrawn. All
samples were analyzed three times (n = 3). The
percent release was plotted against time (2 3.36),

The NID-PNPs formulas were optimized and
lyophilized. The sample was prefrozen and 2% wiv
mannitol was added as a cryoprotectant using an
Alpha 1-2 LD plus-CRIST lyophilizer, Germany, at
-45°C and 380 mT pressure for 48 hr. to yield dry
NPs. Furthermore, after reconstitution, PS and PDI
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were examined for the lyophilized formulations in
order to detect any change in PS that affects PNP
stability @4 2537.38),

Zeta Potential Measurement:

The electrophoretic mobility of a chosen
formula was determined using the Malvern
Zetasizer Nano ZS instrument (Malvern instrument,
Worcestershire, UK). This measurement was then
converted to zeta potential, which provides
information about the degree of repulsion among
charged particles and assesses the stability of the
prepared dispersion. The sample was introduced into
an electrophoretic cell by subjecting them to an
electrical field with a strength of 15.2 VV/cm ©°40)
Compatibility and Identification of the Crystalline
Pattern

were studied via FTIR and XRD
respectively, for optimized NID-PNP formula and
compared with pure drug®.

Atomic Force Microscopy

A NaioAFM2022, Nanosurf, Switzerland
was used to examine the morphology of NID-PNPs
by scanning surface solid objects under controlled
circumstances. In a nutshell, a few drops of
nanodispersion were applied to a glass slide and
allowed to dry for the entire night to create a thin
coating that could be examined by AFM. Particle
size, a three-dimensional image, and a histogram of
the distribution of particle sizes were obtained®®,

Field Emission-Scanning Electron Microscope
A model Inspect 50 FEI, Germany with
different magnifications were used to study the
morphology of NID-PNP. The specimens of NID-
PNP were evenly dispersed onto double-sided
adhesive carbon tapes, which were then affixed to
FE-SEM specimen mounts. Prior to imaging, a 2-
min sputter-coating operation was carried out to
establish a homogeneous coating on the samples.
This procedure entailed coating the samples with a
thin layer to improve conductivity and enable
better imaging @2,
Statistical Analysis

The experiment’s outcomes were presented
as mean and standard deviation (SD) of samples
taken in triplicate using one-way analysis of
variance (ANOVA) to find significant variances
among the related data. When using Microsoft
Excel 2010, at a p-value less than 0.05, the outcome
was considered significantly different.

Results and Discussion

Saturated solubility results of pure NID and
the prepared formula (F5) showed that plain NID
had a saturation solubility of (99.49+0.21) pg/ml in
PBS at pH 7.4, and a solubility of (31.89+ 1.84)
pg/ml in distilled water. Based on the provided
solubility values, NID has limited solubility in the
specified circumstances in both aqueous medium
and PBS®* 22, Saturation solubility of the prepared
NID-PNP (F5) in water was (114.1+0.23) pg/ml.
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Thus, there is a larger increase 3.6 times in the
saturation solubility of NID when it is formulated as
a PNP which is attributed to the dual role of
surfactant and smaller PS, and subsequent increase
in surface area according to (Noyes-Whitney
equation)@V,
Characterization of NID-PNP
Particle Size (PS) Analysis and PDI

Table 2 reveals the average PS of prepared
NID-PNPs. Most of the formulations exhibited
nanoscale PS ranging from 64.33 nm to 449.5 nm.
The PDI of each formulation was determined and
ranged from low 0.067to high value 0.687
depending on surfactant type and concentration and
techniques such as, sonication, homogenization
which are being employed to control the size and
size distribution of drug carrier systems®?
Markedly, the inclusion of soluplus and TDMB as
stabilizers (in F5) resulted in smaller PS
representing the effective role of IL- TDMB as
stabilizers by preventing the aggregation of NPs that
tend to adsorb onto the surface of PNPs, creating a
protective layer that avoids their coalescence owing
to the formation of intermolecular H- bonds between
NPs plus ILBS on numerous positions.“?
Additionally, various interactions such as van der
Waals, electrostatic, and steric interactions are well
established for ILBS with long side chains which
provide steric stabilization in addition to solvation
forces which dictate PNPs stability 349 Also, ILBS
can modify the surface properties of PNPs through
specific functionalities such as hydrophobicity or
hydrophilicity, which can influence their
interactions with other molecules or surfaces. This
can be advantageous for tailoring the properties of
PNPs for specific applications®?.Furthermore,
ILBS can enhance the reactivity of NPs in certain
chemical reactions owing to their unique solvent
properties and ability to solvate reactants, they can
facilitate chemical reactions involving NPs, such as
catalysis or synthesis®®.Overall, the use of ILBS in
NPs formulation can provide numerous benefits,
including improved stability, dispersion, solubility,
surface modification, and reactivity. These effects
can be harnessed to optimize the properties and
performance of NPs in various applications, such as
drug delivery®",
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Table 2. The Particle Size, PDI, and %EE of NID-PNP Formulations

Formula no. Particle size (nm)* PDI £SD* EE%+SD*
F1 401.8 15 0.687 +0.02 75.89 +2.60
F2 449.5+4.4 0.223 +0.043 87.99 +0.97
F3 263.1 1.7 0.63 £0.015 91.02 +0.51
F4 295.8 £1.2 0.317 +0.008 92.19 +0.46
F5 64.33 1.6 0.067 +0.019 95.46 +0.401
F6 81.49 2.7 0.164 +0.002 96.25 +£0.561
F7 95.16 2.6 0.190 +0.037 88.8 +1.62
F8 102.3 £6.07 0.176 +0.002 96.66 + 2.60

*mean = standard deviation (SD), n=3
The Impact of Types and Concentrations of
Polymers

Studying the impact of polymer, two types
in different ratios, soluplus (F5-F8) and p-188 (F1-
F4) were employed in preparing NID-PNPs. The PS
obtained was presented in (figure 2). For P-188, the
mean PS obtained was (401.8, 449.5,
263.1,295.8nm)  while  for  soluplus  was
(64.33,81.49, 95.16,102.3 nm) for the same ratio.
Soluplus has a bifunctional character as a matrix
polymer for solids and an active solubilizer via
micelle formation in water. it contains polyethylene
glycol backbone as a hydrophilic moiety and vinyl
caprolactam/vinyl acetate side chain as a lipophilic
part that provides an amphiphilic nature which
makes it an admirable surface-active and wetting
agent in dropping the interfacial tension among the
hydrophobic surface of NID particles and the

aqueous antisolvent. Thus preventing aggregation of
the NP due to the effect of steric hindrance leads to
produce a uniform NPs with a narrower size
distribution®*®).Regarding  the  impact  of
concentration of polymer, increasing concentration
of soluplus (F5-F8) results in reducing PS
significantly (P <0.05),while increasing P-188
concentration (F1-F4) will cause an increase in PS
significantly (P <0.05).This observation is
consistent with the findings reportedby Nasef and
Ullah F.et al. in studying the impact of stabilizer.
The aggregation may result from the high
concentration of the polymer leading to increased
adsorption of the hydrophobic part of the chains on
the surface of NPs forming multiple layers and the
increased thickness of the coat may lead to
aggregation of particles causing thermodynamic
instability of the PNP system (Figure 2) #9-52)
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Have been investigated by employing two
different types of stabilizers (PVA and TDMB). As
shown in (Table 2) the formulations containing
TDMB (F5-F8 ) as stabilizers had small particle size
(64.33 nm) paralleling to formulations enclosing
PVA (F1-F4) (310.5 nm) respectively®® .The
observed results can be attributed to the effect of
PVA as stabilizers that results in a reduction of
polymer-solvent interactions and an increase in
polymer-polymer interactions, such an attractive
forces give rise to regions where polymeric chains
develop a coiled shape, rendering them incapable of
generate monodispersions.®? Due to the limited
molecular mobility, the intermolecular interactions
were affected. The increase in friction has the
potential to generate larger particles while TDMB
has the ability to wet the surface of the drug
particles and provide a steric or ionic barrier to
prevent forming aggregates of NPs®G4. Due to
smaller PS and PDI and higher %EE resulted,
Fbselected as optimized formula to be lyophilized.
Moreover, the PS of lyophilized NID-PNP (F5) was
measured to be (79.21+1.05 nm), and PDI was
0.28+0.16 indicating that there was nonsignificant
(P> 0.05) increase in both the PS and PDI.

Zeta Potential (ZP):

For optimized formula (F5) was found (22.78
+ 1.01) mV confirming that there would be no
instability issues with the developed formulation.®?
Entrapment Efficiency (%EE)

Nimodipine polymeric nanoparticles

The %EE of NID depends on the high
solubility of the drug as well as on the amount of
polymer and surfactant may have either reduction or
increase in %EE. Generally, %EE of NID increased
on increasing the amounts of p-188 plus PVA (F1-
F4) due to increasing polymer concentration as
shown in (Figure 3)©2. With the exception for (F7)
in which %EE reduced due to the creation of
micelles caused by an excess of surfactants
enhancing the solubilization of NID in the aqueous
phase by reducing its adsorption on the surface of
NP. Hence, NID partitioned in agueous phase during
washing in ultrafiltration of NP, thus reducing %EE
of NID on the surface of NP which agreed with
results obtained by Preeti Singh. et al. in formulated
satranidazole NS and by Abbas HK.et al. in
formulated Ketoprofen NPs 5 56)

In-vitro Release

Cumulative percent drug release profile of
NID from optimized PNP-formulation (F5) and
lyophilized F5 exhibited a significantly higher
release paralleled with pure NID over 90 min.
Formula F5 exhibited a release percentage of 96%
within 20 min. compared to the pure drug achieved
a release of 15.4 % in the same media which
indicates the poor solubility of pure NID, while
NID-PNP formulation effectively enhanced drug
release as shown in (Figure 4)due to reduction of
PS and increasing surface area 7,
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Figure 4. In-vitro drug release of pure NID, NID-PNP (F5) and lyophilized F5 in BPS pH 7.4 with 0.5%Brij-
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Field Emission-Scanning Electron Microscope
(FE-SEM)

Was done to study morphologies of both
pure NID and optimized NID-PNP (F5). The pure
NID displayed crystalline, irregular shapes and a
non-uniform PS distribution whereas the NID-PNP
(F5) analysis revealed that the particles of NID
incorporated into the polymer and exhibited a
nearlyspherical morphology within the nanoscale
size range (Figure 5).
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Differential Scanning Calorimetry (DSC)

Figure 6 (a, b, ¢, and d) depicts the DSC
thermograms of pure NID, ILBS, physical mixture,
and lyophilized NID-PNP powder of optimized
formula (F5). Sharp endothermic peak was seen for
pure NID at 128.63°C, which parallels to its melting
crystallinity. Moreover, the peak of NID was
reduced (100°C) of the lyophilized NID-PNP(F5),
which indicated that the NID was entrapped into the
PNP and existed in solubilized state due to the
solubilizing effect of surfactants®?,
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Figure 5. FE-SEM of (a) pure NID (b, c) NID-PNP (F5)

Compatibility Study

The drug-excipient’s compatibility was cm™') NH stretching, (3086 cm™) C—H aromatic
studied via FTIR for pure NID, physical mixture, stretching, C—H aliphatic stretching (2947cm™).
and optimized F5 as shown in (Figure 7). Pure Carbonyl stretching of ester (1701 cm™'), C=N
NID spectrum shows characteristic peaks; (3271 Stretching(1624 cm™), —C-CH3(1381 cm™),
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Figure 6. DSC thermogram of a) pure NID, b) ILBS, c) physical mixture, and d) lyophilized F5
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However, the peaks of C=0 and NO,were
shown to move and reduce intensity owing to the
formation of hydrogen bonds between the
hydrophilic group included on excipients like
soluplus, ILBS, and NID. Broad peak was seen
in the formulation's spectra in the region of 3275
cm™.In summary, the analysis revealed that there
are no known chemical interactions, and we may
deduce that the improved solubility of the
medicine is caused by the formation of hydrogen
bonds ®9,
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X-ray Thermogram

X-ray thermogram of pure NID, physical
mixture, ILBS, and optimized NID-PNP (F5) are
depicted in (Figure. 8). X-ray thermogram exhibited
characteristics sharp peaks at 20 value for pure NID at
12.520, 13.000, 17.310, 20.310 and 26.210,
representing a crystalline nature of NID. Although, the
XRD of the developed formulation showed peaks with
lower intensity compared to pure NID which may be
due to the presence of NID linking with ILBS and
soloplus in solubilized state. Hence the lyophilized
(F5) is predicted to be more stable as well as the
improved solubility and dissolution rate were

attributed to the reduction in the size and presence of
the surfacta

2000

1774 81

= E
=S -~ S
-~ 2 =~z
S - =
e L g
M. E =
=] o
s N~
-~ =
EC Sc r
- 2o =
- ~ =3
4 ~
2 2
=
2
-
=
z
<
£
2000 1750 1500 1250 1000 70 500



Iragi J Pharm Sci, Vol.34(1) 2025

Nimodipine polymeric nanoparticles

00— i
%T |
90— N
- I o
S o
. S e
— Ev
m,_
m_
60 - — - — T T : T — — T
4000 3750 3500 =0 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500

1!
500
(S
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Atomic Force Microscopy (AFM)

It’s employed to scan surfaces and
accurately measure their properties under
controlled  environmental  circumstances.
Additionally, AFM is utilized to identify the
size of (NPs) with a high level of precision
(Figure.9). AFM enables the observation of

l ;"' | 5“

samples with high resolution in three spatial
dimensions, specifically in the x-, y-, and z-
directions. AFM reveals a consistent
morphology and evenly dispersed particle
dimensions, confirming an alignment between
the measured PS and the desired size
distribution, leading to the stability of
optimized F563),
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Figure 9. AFM of optimized formula (F5)

Conclusion

The outcomes demonstrated that the
incorporation of ionic liquid-based surfactants
(ILBS) for PNPs offers promising opportunities to
develop highly stable, soluble, and efficient
nanoscale systems with enhanced properties and
controllable release behavior. Nanoprecipitation
technique was more efficient to give small PS with
relatively good entrapping efficiency. The type and
ratio of polymer, stabilizer type, and ratio show an
effect on the nanoparticle size. The prepared NID-
PNP will be introduced in transdermal microneedle
patches in part two of this research.
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