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ABSTRACT

Objective: The present work aims to formulate candesartan cilexetil (CC) as nanoparticles oral film to enhance solubility of CC, and promote its
dissolution rate, and this could produce rapid therapeutic action of drug.

Methods: The nanoparticles prepared by solvent/antisolvent precipitated method then formulated as fast dissolving oral films by casting method.
CC nanoparticles formulated by different polymer: drug ratio which was 1:1 and 2:1 hydroxypropyl methylcellulose (HPMC), and
polyvinylpyrrolidone (PVP) with different molecular weight like, HPMCES5, HPMCES50, PVPK15 and PVPK30. The effect of polymer type, polymer
ratio and injected volume on the size and specific surface area of prepared particle were tested.

Results: The bested formula FCC3 was found with a smallest size equal to 37 nm and specific surface area of 54.66m?/g. The FCC3 formula was
dried by freeze drier and tested by field emission scanning electron microscope (FESEM), differential scanning calorimetry (DSC) and X-ray powder
diffraction analysis (XRD) to determine surface morphology, crystallinity and compatibility, then formulated as fast dissolving oral film. The drug
content in the 4 cm? prepared film was distributed between 93.00%+1.75 to 98.25%=1.25 and disintegrate in 25 min. The in vitro release of
candesartan nanoparticle from oral film was 68% in 2 min and complete to 100% at 4 min.

Conclusion: The results confirmed fast release and better dissolution rate of prepared candesartan nanoparticle than pure drug.
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INTRODUCTION

Solubility of drug is important factor in design of oral dosage form.
The poor water solubility leads to poor drug efficiency by effecting
on the dissolution and bioavailability of drug [1, 2]. 40% of
pharmaceutical ingredients estimated to have poor aqueous
solubility [3]. Several methods were used to enhance the solubility
of insoluble drug which may contain chemical and physical
techniques. Nanonization of drug particles have an excellent chance
to solve the solubility problems, improve the bioavailability and
therapeutic activity of active pharmaceutical ingredients [4]. The
oral thin film can be used buccal and sublingually to improve onset
of action, enlarged effectiveness and removing side effects of the
drug [5]. The polymeric oral film can be designed to controlled and
regulate of many delivery routes, that have efficient role in
marketing process. Delivery systems of fast dissolving drug have
taking approval and acceptance as novel delivery system, for their
simplest of administration and well patient obedience as well as not
require water for swallowing thus preferable for elderly and
pediatric patients. A small particle size with large surface area
principals to fast disintegration and release of the active ingredient
and therefore a fast onset of action could be accomplished [6].
Candesartan is widely used in management of hypertension, heart
failure, myocardial infarction [7]. Candesartan cilexetil (CC) is white
to off-white powder have a melting point equal to 170 °C. Chemically
CC (C33H34N606) is 2-ethoxy-3-[21-cyclohexyl (1H-tetrazol-5-yl)
biphenyl-4ylmethyl]-3H-benzoimiadazole-4-carboxylic ~ acid = 1-
cyclohexyloxycarbonyloxy ethyl ester, has a molecular weight equal
to 610.67. The pure drug practically insoluble in water and sparingly
soluble in methanol with a pKa value of 6.0 [8, 9]. CC is prodrug
hydrolyzed to candesartan through absorption process from the
gastrointestinal tract, is an angiotensin II receptor antagonist [10].
The following study aimed to prepare and evaluate CC nanoparticles
loaded fast dissolving film to enhance drug solubility and fasten the
onset of action CC nanoparticles that fabricated by casting method.

MATERIALS AND METHODS
Materials

Candesartan cilexetil was purchase from WuxiHexia Chemical
Company, Chin. hydroxypropyl methylcellulose (HPMCE5, HPMCE15,

HPMCE50) Gromax Chemicals-USA, polyvinylpyrrolidone (PVPK15
and PVPK30) ALPHA Chemika-India. Acetone buying from Romil, UK,
Disodium hydrogen orthophosphate, Hydrochloric acid 37% and
sodium Chloride from BDH Laboratory England, potassium
dihydrogen orthophosphate from Fine Chem-India.

Method
Preparation of CC nanoparticles

Nanoparticles formulas of CC were prepared by solvent/antisolvent
precipitation method [11]. A particular amount of pure drug was
dissolved in five milliter of acetone as a solvent then the solution
injected in to antisolvent solution (50 ml of water at 1:10 ratio for
FCC1-FCC8 and 25 ml of water at 1:5 ratio for FCC9-FCC12)
containing specific amount of different grade of stabilizer (HPMCES5,
HPMCES0, PVPK15 and PVPK30) at 1 ml/min upon injection,
Candesartan nanoparticles were produced immediately, the
nanoparticles solution sonicated for 5 min be for reading the particle
size then dried by using freeze drying lyophilizer to get dry powder
of CC nanoparticles. So that the choices formulation was dried using
2% mannitol as a cryoprotectant in a vacuum freeze drier at a
controlled temperature of (-50) °C, the operating pump at a pressure
lower than 0.055 mmHg for 48-72 h. The constituent and variable
preparation conditions of formulas are recorded in table 1.

Evaluation of particle size, specific surface area (SSA) and poly
dispersity Index

The average particle size, (SSA) and poly dispersity index measured by
using dynamic light scattering ABT-9000 Nano laser that measure the
series of size distribution for all formula as a liquid sample before dried.

Evaluate of formulation variables effect on the properties of
prepared nanoparticles

Effect of type and concentration of polymer

FCC1-FCC8 formulas were prepared containing different polymers
of (HPMCE5, HPMCE50, PVPK15 and PVPK30) with different
concentration at polymer: drug percentage of 1:land 2:lin the
formulation of CC nanoparticles.
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Table 1: Components of CC nanoparticles formulated with different type of polymers and different polymer drug ratio (1:1, 2:1) in FCC1-
FCC8, and different solvent: antisolvent ratio (1:10) in (FCC1-FCC8) and (1:5) in (FCC9-FCC12)

Formula No. Candesartan (mg) HPMCES (mg) HPMCES0 (mg) PVPK15 (mg) PVPK30 (mg) Water (ml)
FCC1 50 50 50
FCC2 50 50 50
FCC3 50 50 50
FCC4 50 50 50
FCC5 50 100 50
FCC6 50 100 50
FCC7 50 100 50
FCC8 50 100 50
FCC9 50 50 25
FCC10 50 50 25
FCC11 50 50 25
FCC12 50 50 25

Effect of injected volume

FCC9-FCC12 was prepared to determine the effect of solvent:
antisolvent ratio at 1:10 and 1:5 of acetone to water.

Characterization of CC nanoparticles dried powder
Drug content and loading efficiency

The tests was done by taking 16 mg of CC lyophilized nanoparticles
and dissolved in dry volumetric flask containing 30 ml of simulated
saliva with 0.7% tween 20 and sonicated for 15 min then complete
the solution volume to 100 ml with same solvent. The solution
filtrated and the amount of drug present in each formula was
determined spectrophotometrically using UV-visible
spectrophotometer. The loading efficiency of prepared nanoparticles
was calculated from the actual and theoretical contents [12].

Field emission scanning electron microscope (FESEM)

CC nanoparticles of selected formula was tested by Field emission
scanning electron microscope (MIRA3 TESCAN), it was established
by dusting of dried powder directly on carbon tape, then taken
image by altered magnification powers.

Differential scanning calorimetry (DSC)

DSC was used to evaluate the crystallinity of sample. The solid
powder of selected formula engaged in constricted aluminum pans
and raised temperature at the rate of 20 °C/min compared to an
empty pan of aluminum as a reference.

X-ray powder diffraction analysis (XRD)

The X-ray diffraction was applied to evaluate the molecular and
atomic structure; it can be used to prove the crystallinity of
nanoparticles so this test applied to check whether formula is
crystalline or amorphous. The study was recognized by powder X-
ray diffraction at 26.

Fourier transforms infrared spectroscopy (FTIR)

FTIR determined by grounded solid sample with potassium bromide
and compressed in special disc then measured under infrared
spectroscopy. The samples that studied were pure CC, polymer,
nanoparticles of selected formula. The spectrum obtained was in
between the wave numberof 4000-400 cm* [13].

Preparation of CC nanoparticles as oral film

Solvent casting was used to synthesize CC nanoparticles into an oral
film [14]. 16 mg of candesartan cilexetile nanoparticles from the
chosen formula (FCC3), which is equivalent to 8 mg of pure
candesartan, must be synthesized for a film covering an area of
roughly 4 cm2. The film was made by slowly adding 448 mg of HPMC-
E15 to 12.5 ml of purified water, stirring, and waiting 60 min to make
sure the entire polymer was dissolved. After that, 0.45 ml of glycerin
was added as a plasticizer, and stirring regularly for an additional 30
min. Subsequently, the powdered weighted CC nanoparticles were
gradually added while stirring for 60 min. The gel was left for 120 min
in order to extract any trapped air bubbles. The resulting gel was cast

onto a 56 cm? petri dish and allowed to dry for 48 h at 25 °C. The
computation of the necessary candesartan nanoparticle weight for the
preparation involved dividing the 56 cm2 petri dish area by the 4 cm2
dosage area. This resulted in 14 films, each comprising 16 mg of CC
nanoparticles. Consequently, 224 mg of candesartan nanoparticle
powder were needed for the entire petri dish.

Evaluation of oral film of CC nanoparticles
Visual examination

The physical characteristics of the films, such as their consistency,
color, and homogeneity, were examined visually in the oral thin film
research. The visual inspection of the films and tactile quality
assessment confirmed these variables [15].

Weight variation

We take ten oral films of CC nanoparticles each of 4 cm? in size and
their individual weights were recorded, with the average weight
being computed. The created oral film's homogeneity had been
verified by the weight variation test [16].

Thickness

To ensure that the film thickness is uniform, a thickness test is
necessary. The thickness of the film was measured using a digital
Vernier caliper (Mitutoyo, Japan) at five separate locations: the
center and four corners. For ten films, the average and standard
deviation were determined [17].

Folding endurance

By repeatedly folding the oral film at a fixed place until it broke, the
folding endurance of candesartan oral film was measured. The
evaluation of folding endurance is indicated by the recorded folding
number prior to the film breaking [18].

The surface pH of oral film

The pH of the solution was measured with a pH meter after the oral
thin film of CC nanoparticles was added to 5 milliliters of pure water.
For this test, three trials were conducted, and the average value was
determined [19].

Drug content

The 4 cm? candesartan cilexetile nanoparticles oral film was added
to 100 ml of simulated saliva solution, and the nanoparticles were
stirred for 30 min to fully dissolve them. A 1 ml sample was taken,
diluted with the simulated saliva solution, and then UV analysis at
the media's A max was performed. For this experiment, three trials
were completed, and the average value and standard deviation were
computed [20].

Disintegration test

By placing a film inside the little container of cleaned water, the
disintegration time was indicated, and the time was recorded till it
disintegrated. Three duplicates of the experiment were run, and the
average value was determined [21].
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Swelling index of oral film

Place 4 cm? films of CC nanoparticles that have been weighed (W0)
into a stainless steel basket that has been previously weighed (the
basket of tablet dissolving equipment). The oral film-containing
basket was submerged in a 35 ml artificial saliva (pH 6.75) solution
in a petri plate. Until a steady weight was found, the weight growth
of the oral film was monitored several times. Equation number one
was used to determine the degree of swelling (1) [22].

The degree of swelling = (W-Wo)/Wo.... Eq. (1).

The experiment was carried out in triplicate, and the mean value
was computed, where Wt and WO represent the weight of the film
sample at time t and time zero, respectively.

In vitro dissolution test of CC nanoparticles loaded oral film

Utilizing a USP type II dissolution device (paddle type), the oral films of
CC nanoparticles in vitro dissolution test were established. A modified
paddle was used to rotate at 50 rpm and 37+0.5 °C while oral films
containing 16 mg of candesartan nanoparticles of a chosen formula and
8 mg of raw candesartan were allowed to dissolve in 500 ml of simulated
saliva pH 6.75 containing 0.7% of polysorbate 20 (using a customized
sinker) [23]. Five milliliter samples were extracted using a syringe on
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multiple occasions at intervals of (0.5, 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30
min). The samples were then filtered through a 0.22 pm membrane filter
and diluted with dissolution media, subsequently examined at the
reported A max using UV spectrophotometry [24]. After every sample,
the same amount of simulated saliva was added. Plotting the percentage
of cumulative drug release versus time allowed for the construction of
the drug's dissolution profile. The test was performed in triplicate, and
the mean value was calculated.

Statistical analysis

The test results were statistically assessed using one-way analysis of
variance (ANOVA) at p<0.05. The results are shown as mean
samples+standard deviation (SD).

RESULTS AND DISCUSSION
Evaluations of CC nanoparticles

All CC nanoparticles prepared formulas was tested and the size
characterized by ABT-9000 Nano laser. The measured size for all
formula was in the nanosize (560 nm-37 nm) as shown in table 2. All
tested formulas were revealed monodisperse PDI. This study
exposed a drop in particle size and consequently high surface area of
CC nanoparticles compared with pure powder of drugs [25].

Table 2: CC nanoparticles particle size, specific surface area (SSA), and polydispersity index (PDI)

Formula no. Average particle size (nm)+SD SSA (m?/g) PDI

FCC1 236.5£0.800 9.34 0.012
FCC2 334+10.000 6.45 0.008
FCC3 37+1.000 54.66 0.019
FCC4 150£1.000 14.96 0.015
FCC5 270+0.800 10.04 0.017
FCC6 560+10.000 4.42 0.013
FCC7 150+8.000 14.43 0.011
FCC8 177+7.000 13.44 0.014
FCC9 315+7.000 6.45 0.021
FCC10 55549.000 4.04 0.008
FCC11 220+1.000 9.97 0.010
FCC12 280+6.000 8.12 0.007

Results are given as mean+ SD (n=3)
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Fig. 1: Effect of kind and concentration of polymers on average CC nanoparticles size, mean+SD (n=3)

Effect of polymer type and its concentration

The influence of polymer type on mean particle size was studied on
formulas FCC1-FCC4 at polymer: drug ratio (1:1). The results
showed that are markable decrease in nanoparticle size obtained
with PVP<HPMC, this effect might be due to increase in the affinity
and decrease in viscosity. Different particle size range obtained from
HPMC and PVP polymers, the different grade of polymer gave

different size range as showed in fig. 1, and thus due differ in
molecular weight, viscosity and in substitution group. The HPMC
polymer have hydroxyl propyl group and different viscosity, the
lowest viscous grade (E5<E50), also the differences in drug affinity
and viscosity of PVP polymer (PVPK15<PVPK30). So, the smallest
particle size in FCC3 was obtained with PVPK15 significantly
(p<0.05) decrease in size of particles (37 nm) than other polymer
used due to high affinity of this polymer to candesartan nanoparticle
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[26]. Changing the polymer concentration was studied in formulas
FCC1-FCC8 under all polymers: drug percentage of 1:1, 2:1. And it
showed that the increase in polymer concentration above 1:1 ratio
caused a notable increase in mean particle size which is agree with
the finding of Matteucci et al, 2006 and this might be due to the
higher thickness of polymer layer around each particle that led to
aggregation of particles and/or the high number of polymer chains
that associated in the diffusion process that lead to increasing in
polymer-polymer interaction [27].
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Effect of injected volume

The effects of changing the ratio of injected drug solvent solution to
stabilizer antisolvent solution on the mean size of the nanoparticles
formed for all polymers type was shown in fig. 2. It has been shown
that the solvent: antisolvent ratio (1:10) led to a remarkable
decrease in the size of the prepared CC nanoparticles and this may
attributed to faster supersaturation and rapid neucleation that
dominates over crystal growth [28].
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Fig. 2: Effect of injected volume on average CC nanoparticles size, meant SD (n=3)

Drug content and loading efficiency

The demonstrated drug content result from the formula FCC3 was
7.8+£0.06 mg with a loading efficiency of 96.3+0.04%. So the using of
solvent/antisolvent method gives good drug content and small
amount of drug loosed during preparation.

Field emission scanning electron microscope

The nanoparticles shape and topography were determined by using
FESEM. It was established that good surface morphology and
smallest particle size of FCC3 formula than raw drug powder, the
FESEM image for pure powder with 10Kx while the FESEM image of

Mag~ 10BIKX
Signal A = SEZ

FCC3 at 200Kx as showed in fig. 3 and 4. This effect might be due to
adsorption of the polymer on the surface of drug.

Differential scanning calorimetry (DSC)

The differential scanning calorimetry of candesartan showed sharp
endothermic peak at 171.5 °C which is near to its melting point that
represent the crystalline state of drug as showed in fig. 5. [29].
While, the DSC of FCC3 formula indicated to a reduced intensity of
peak and temperature in comparison to raw drug and polymer as in
fig. 6 and 7. These results indicate the decrease of crystallinity
percent of drug and/or translate to amorphous form that enhances
solubility of drug.

Fig. 3: FESEM of pure drug

X-ray powder diffraction analysis (XRD)

The X-Ray powder diffraction profile of raw CC as in fig. 8, shows
high intensity sharp peak for 20 value at 9.8, 18.5 and 23.2°. While,

the decline in intensity and larger diffraction peaks that presented in
XRD of FCC3 formula as in fig. 9 that means, drug had converted to
an amorphous form [30].
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Fig. 4: FESEM of FCC3 formula
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Fig. 6: DSC of PVP

586



I. F. Abdulrazzaq et al

Int ] App Pharm, Vol 18, Issue 1, 2026, 582-591

Position [*2Thetal (Copper (Cu))

50
63.84C
695.904g
0+ 121.21C
2859079
74.14°C
141.04°C
-50 -
5
=
5 -100
[T
3
I
-150
_Zm-
-250 - T T T T
o 200 400 600 800 1000
Exo Uo Tamnaratorea (90 Universal V4 5A TA Instrumen
Fig. 7: DSC of FCC3
2000 +
Z 1500 -
7]
4
w
2 1000 4 %
o MJN
M\l«.._ R
0 4
e ®& 8 % B8 8
Fig. 8: XRD of raw CC
1
1000 -]
500 -]
0=3 T T T AR | T T T
10 20 30 40 50 60 70 80

Fig. 9: XRD of FCC3

587



I. F. Abdulrazzaq et al.

FT-IR study

The results of the peaks of FTIR tests absorbance bands of raw CC
powder were shown in table 3 and fig. 10.

Visual Examination of CC oral film

The 2*2 cm? film of CC nanoparticles made from HPMC-E15 was
white, thin, and smooth, with a good candesartan nanoparticle
distribution as in fig. 13.

Weight variation of oral film

The mean weight of ten films was 33.45 mg+0.2; this reduced
standard deviation indicates that the weight of the oral films from
CC was constant.

Int ] App Pharm, Vol 18, Issue 1, 2026, 582-591

Thickness of oral film and folding endurance

The ten films that have been produced have a thickness explained in
the table 4. The thickness uniformity of CC nanoparticles film was
exposed to low standard deviation values, indicating approval of the
dosage accuracy and, thus, the casting method's success for oral
thin-film formulations. The folding endurance of CC nanoparticles
oral film was found to be in range of (135-160 times) for film
number one to film number ten respectively in table 4.

Surface pH study

The pH of CC nanoparticles films was measured and found to be
between (6.4+0.05-6.9+0.08) this pH is close to neutral as possible
to prevent irritation to mucosa.

Table 3: FTIR characteristic peaks of raw CC

Functional group

Characteristic peaks of CC observed in IR region (cm1)

Aromatic C-H Stretching

2941.24

- C=0 Stretching
C-N Stretching
—C-0 Stretching
O-Subistitution

1755.1
1614.31
1244
750.26

The FTIR of polymer and FCC3 formula as represented in fig. 11 and 12 were studied by FTIR spectroscopy. The result of the prepared nanoparticles
formula showed no alteration in shifting of location of characteristic peaks that demonstrates no main interaction between drug and PVP polymer [31].
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Fig. 11: FTIR spectrum for PVP polymer
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Fig. 12: FTIR spectrum for FCC3 nanoparticles
Fig. 13: Oral thin film of CC nanoparticles
Table 4: Thickness and folding endurance of CC nanoparticles oral film

No. of film Thickness (mm)+SD Folding endurance+SD
1 0.134+ 0.015 160+1.2
2 0.132+0.017 156+2
3 0.133+0.017 155+2.1
4 0.134+0.017 149+1.4
5 0.135+0.017 143+1.5
6 0.136+0.015 136+2.3
7 0.131+0.016 159+2.5
8 0.133+0.015 140+1.7
9 0.132+0.016 138+1.2
10 0.134+0.013 135%1.1

Results are given as mean+ SD (n=3)

Drug content uniformity

All CC films were found to contain uniform amount of the candesartan
nanoparticles. The drug distributed in the range of 93.00+1.75 to
98.25+1.25. Thus, the oral film of CC nanoparticles met the standards
of (BP 2011) content uniformity which is (85-115%) [32].

Disintegration time

The oral film made from CC nanoparticles disintegrated in a range of
(25+0.013) sec, falling within the 30 sec window specified for the
peri-oral disintegrating tablet. This recommendation is helpful for
the development of oral thin film formulation [33].

Swelling index of oral film

Swelling index of the prepared oral film consist of CC nanoparticles
showed in fig. 14, complete hydration of film was present at 2 min.

Invitro dissolution test of CC nanoparticles as oral film

The oral thin films of CC nanoparticles where tested for dissolution
profile using 500 ml simulated saliva at 50rpm and 37 °C and

compared with oral film of raw candesartan as shown in fig. 15. The
percent of release in one minutes and time to reach 100% of release
this comparison were done between film prepared from CC
nanoparticles and other prepared from raw candesartan. The
cumulative proportion of CC released from a film that contains
nanoparticles of CC in one minute and three minute was 49% and 82
% respectively, and reach to 100% at time 4 min. Conversely,
cumulative percent of release of pure CC film in one minute and
three minute was 19% and 52 % respectively, and where failed to
achieve full release (100%) because pure drug was not well
dissolved in artificial saliva, so this rate limiting step reason for low
bioavailability of candesartan, while oral film containing
candesartan nanoparticles provided the best dissolution profile and
significant quick release. From these result showed a very rapid
disintegration of cc nanoparticles oral film (25s), indicating that the
polymeric matrix is not limiting factor for drug release. However, the
subsequent nanoparticles release and dissolution government the
overall release profile, as reflected by 68% drug release after two
minutes. Therefore the dissolution process of cc oral film is rate
limiting step [34].
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Fig. 14: Swelling index of oral film consist of CC nanoparticles with use HPMC-E15, mean+ SEM (n=3)
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Fig. 15: In vitro release profile of oral film in simulated saliva with 0.7% tween 20 (meant SEM, n=3)

CONCLUSION

In this study, the solvent: antisolvent precipitation process was used
to create candesartan nanoparticles. Then, the choices formula was
formulated as oral film by solvent casting method. The prepared film
evaluated to confirm the uniformity of the content, thickness and
appropriate dissolution profile. The oral candesartan nanoparticles
film could be choice to accelerate the onset of drug action and
improve the dissolution profile of pure drug.
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