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Abstract: This study investigates the formulation of valsartan-loaded cellulose
acetate butyrate (CAB) microspheres, prepared via solvent evaporation micro-
encapsulation, to evaluate their in vitro release behavior and the influence of
formulation parameters. The study examined the effects of stirring speed, stab-
ilizers and matrix materials on particle size and drug release. Increasing stirring
speed reduced particle size but also led to higher valsartan loss, reducing
encapsulation efficiency. Using the surfactant polylactic acid resulted in smooth,
spherical and porous microspheres that enhanced controlled release. In contrast,
using Tween 80 led to irregular particles with rough surfaces and larger pores
that accelerated drug release. Including poly(butylene succinate) in the matrix
resulted in smaller microparticles forming and a significantly higher rate of
valsartan release. These findings emphasize the importance of optimizing
formulation parameters and excipients to control drug release characteristics and
enhance drug delivery system performance.

Keywords: valsartan, microencapsulation; polymer carriers; formulation con-
ditions; controlled release.

INTRODUCTION

Valsartan (Vals), chemically known as (2S)-3-methyl-2-[pentanoyl-[[4-[2-
-(2H-tetrazol-5-yl)phenyl]phenyl|methyl]amino]butanoic acid, is a potent and
selective competitive antagonist of the AT1 angiotensin II receptors and is widely
prescribed for the treatment of hypertension (Scheme.1).12

By inhibiting angiotensin II, it causes vasodilatation, reduces blood pressure
and improves blood flow.3# As a tetrazole derivative, valsartan contains acidic
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(pK, 4.73) and carboxylic (pK, 3.9) groups that contribute to its pH-dependent
solubility. Specifically, its solubility increases by a factor of 1000 when the pH is
shifted from 4 to 6. The compound exhibits complete and rapid dissolution in vitro
at pH 5.0 or higher, suggesting that its rate of absorption is influenced by the pH
of the gastrointestinal tract.’
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CHs3 Scheme 1. Chemical structure of valsartan.

Valsartan is poorly soluble in the upper gastrointestinal tract, where most of
its absorption occurs. This poor solubility limits absorption, leading to low oral
bioavailability (approximately 23 %),6 despite rapid uptake. To overcome this
issue, sustained-release formulations are required. Microencapsulation is being
explored as an effective method of controlling drug release and improving ther-
apeutic efficacy.’

Solvent evaporation microencapsulation is a widely recognised technique for
the production of microparticles, valued for its simplicity of manufacture while
maintaining drug efficacy. In studies on valsartan, the preparation of valsartan-
-loaded microspheres using different matrices such as poly-e-caprolactone (PCL)
and polylactic acid (PLA) showed that PCL provided a more controlled and gra-
dual release of valsartan compared to PLA when tested in vitro in a phosphate-
-buffered saline solution at pH 6.8. Furthermore, analysis of various factors
affecing encapsulation — such as surfactant concentration, PLA amount, aqueous
phase volume and stirring speed-showed that increasing surfactant concentration
and aqueous phase volume negatively affected the encapsulation rate of valsartan,
leading to a decrease in encapsulation efficiency as these parameters were
increased.?

Previous studies have mainly focused on the formation of inclusion complexes
with cyclodextrins,39 the development of solid dispersions using hydrophilic
carriers!-10 and encapsulation within lipids like lecithin and cholesterol.6-!! These
strategies aim to improve the solubility and bioavailability of poorly water-soluble
drugs. However, research specifically targeting the encapsulation of valsartan in
polymeric matrices remains relatively limited, despite the potential benefits in
terms of controlled release and stability. However, some studies have made
significant contributions in this area, particularly those investigating the
encapsulation of valsartan in gelatin and hydroxypropyl methylcellulose (HPMC)
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by spray drying,!2 using gelation techniques with sodium alginate and HPMC, 13
and nanoprecipitation for Eudragit L100.14 These efforts highlight the growing
interest in polymer-based delivery systems for valsartan, although further
investigation is needed to optimise these techniques for clinical applications.

In this study, two carrier systems were used to develop rapid release solid
formulations: the biodegradable and non-toxic polymeric matrices CAB and PBS,
a biodegradable aliphatic polyester. Cellulose acetate has been used extensively in
temporary surgical materials (such as sutures, plates and screws) and as a matrix
for encapsulating and releasing therapeutic agents in the human body.!> PBS, with
properties similar to polyolefins, offers advantages such as heat resistance and
balanced mechanical properties, making it suitable for a wide range of
applications. 16

Our research group recently investigated the preparation of hydrochloro-
thiazide (HCTZ)-loaded microspheres using different matrices, such as ethylcel-
lulose, PCL, fS-cyclodextrin (f-CD) and poly(methyl methacrylate) (PMMA),
synthesised in different fractions, to analyse their influence on encapsulation
efficiency and drug release kinetics.!7 In addition, Badis et al.!8 continued the
study of allopurinol encapsulation using different matrices, including EC, HPMC,
S-CD and PCL, using the solvent evaporation method for extended release of this
drug. As part of our efforts to develop new drug formulations that allow a gradual
release of the active ingredient and overcome the limitations of traditional
pharmaceutical forms, in particular to reduce the frequency of administration, we
investigated the encapsulation of valsartan using two matrices (CAB and PBS),
also using the solvent evaporation method for extended release. This study also
focused on characterising the interaction between valsartan and the matrix by
evaluating the influence of several factors such as stirring speed, stabiliser effect
and the ratio of the dispersed phase to the continuous phase. Micro- and nano-sized
particles were characterised using spectroscopic techniques, including Fourier
transform infrared (FTIR) spectroscopy and powder X-ray diffraction (PXRD), to
study their dissolution behaviour. The main objective of this study was also to
evaluate the impact of these factors on the encapsulation efficiency and drug
release kinetics in the intestinal tract.

MATERIALS AND METHODS
Chemicals

Valsartan (molar mass: 435.518+0.0231 g mol'!) was generously provided by the Ther-
apeutic Chemistry Laboratory at the Faculty of Medicine and Pharmacy, Mohamed V Uni-
versity in Rabat, Morocco. The micro-encapsulation of solid microspheres was achieved using
the solvent evaporation technique, utilizing our synthesized PBS and CAB as matrices, with
valsartan as the active agent. CAB, with a viscosity of 0.1 Pa s for a 5 mass % solution in a
toluene/ethanol mixture (¢r = 4:1), was sourced from Merck (India), while polyvinyl alcohol
(PVA, 87-90 % hydrolysed, molar mass 30000-70000) and Tween 80 were purchased from
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Sigma—Aldrich. Dichloromethane (DCM >98 % purity) was used as the internal phase. A phos-
phate buffer solution at pH 7.4 was prepared by mixing 250 mL of 0.2 M monobasic potassium
phosphate (KH,PO,) solution with 195.5 mL of 0.1 M sodium hydroxide solution and adjusting
the final volume to 1 L with deionized water.

Synthesis and characterization of poly(butylene succinate) (PBS)

The synthesis of PBS was successfully carried out using ring-opening polymerization. A
mixture of butan-1,4-diol (0.12 mol) and succinic acid (0.10 mol) was reacted in the presence
of 1-2 % titanium isopropoxide as a catalyst. The reaction was refluxed for 2 h at 180 °C with
vigorous stirring under a nitrogen atmosphere. To purify the obtained polymer and remove any
residual monomers, the product was heated at 200 °C under reduced pressure (maximum of 10~
3 mm Hg) for three hours.!8:19

The white PBS powder was characterized; IR, v (cm!): 1710, C=0 (ester); 2920-2940
(CH,); 1100-1200 (ester C-O—C); 1310-1330 (C-H); 3429-3552 (terminal O-H). 'H-NMR
spectra, Scheme 2: J(CDCly), ppm: 1.65 (CHjy(a)); 1.55 (CHy(a’)); 2.55 (CHy(c)); 4.05
(CHy(b)); 3.55 (CHy(d)). '*C-NMR, ppm: 25 (CHy(a)); 25 (CHy(a")); 29 (CHy(c)); 64 (CHx(b));
62 (CH,(d)); 172 (CO ester).

o
nto g b ! " z d
CH CH; C CH,
N N2 e 200 CHz CHz
CH:  oH;  oTeoH; ol Seul  ohl oM
b a c !;l. d a
n

Scheme 2. Chemical structure of poly(butylene succinate) (PBS).

Preparation of solid dispersions

To prepare solid dispersions of valsartan, CAB polymer was combined with valsartan by
solvent evaporation in a 2:1 weight ratio (polymer corresponding to 50 % valsartan by weight
relative to the polymer). First, valsartan and the polymer were dissolved in dichloromethane
(DCM), a water-immiscible organic solvent, in amounts of 66 or 33 g, as required. This organic
solution was then poured into 250 g of deionised water, which served as the external phase,
containing 1 % PVA or Tween (1 % by mass in water, as specified). Emulsification of the
organic phase with the aqueous phase was achieved by mechanical stirring at two speeds (800
or 1200 rpm) in a 600 mL glass reactor (diameter = 80 mm) using a four-bladed turbine impeller
(blade length = 50 mm, width = 8 mm; IKA RW20 digital, UK). Valsartan microencapsulation
was completed after 3 h at room temperature to allow time for solvent evaporation. The resulting
microparticles were collected by vacuum filtration, rinsed several times with deionised water
and dried in a desiccator with CaCl, for at least 48 h. The initial composition of the different
microsphere formulations is shown in Table I.

Microsphere characteristics

During the manufacture of microsphere formulations, the drug and polymer may come
into close contact, potentially impacting the drug’s stability. The evaluation of drug—polymer
interactions is essential for the selection of a suitable polymer. Various methods have been used
to evaluate the compatibility between valsartan and specific polymers.

Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of the drug, polymers and microparticles in powdered form were obtained
using an Alpha Bruker IR spectrometer, covering the wavelength range of 400 to 4000 cm™!.
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TABLE L. Processing conditions for the formulated microspheres

Code Composition N/rpm Emulsifier nature DCM volume, cm?
L1 CAB/Vals 800 PVA 50
L2 CAB/Vals 1200 PVA 50
L3 CAB/Vals 800 TWEEN 50
L4 CAB/Vals 1200 TWEEN 50
L5 CAB/Vals 800 PVA 25
L6 CAB/Vals 1200 PVA 25
L7 CAB/PBS/Vals 800 PVA 50
L8 CAB/PBS/Vals 1200 PVA 50

Powder X-ray diffraction (XRD)

XRD patterns of the pure drug, carriers, and microsphere formulations were captured using
a Rigaku MiniFlex 600 (MiniFlex acquisition system, A = 1.541 A) over a 26 range from 5 to
70°, and analyzed for comparative purposes.

Particle size analysis

The average diameters and size distribution of the microspheres were determined using
optical microscopy (Optika 4083.B1), by counting over 500 microparticles for each preparation.
The particle size distribution was calculated from various equations.?%?! The calculations
include the number mean diameter d, the surface mean diameter d3,, the weight mean diameter
dy3 and the size distribution 0. The average diameters and size distribution of the microspheres
were assessed using two complementary techniques. Additionally, for formulations prepared at
a stirring speed of 1200 rpm (L2, L4, L6 and L8), particle diameters were determined using a
Zetasizer Nano ZS (Malvern Instruments, UK). This instrument operates based on dynamic
light scattering (DLS), which estimates the hydrodynamic size of particles in suspension by
analyzing fluctuations in the intensity of scattered light resulting from Brownian motion:

dyo = Znd;/Zn; @8
dyp =Zn;d? /Zn; d? ()
dy3 =Zn;d? [Sn; d} 3)

0= dy/dy “)

Scanning electron microscopy of microparticles

The surface characteristics and morphology of valsartan microspheres were examined in
detail using a scanning electron microscope (Hitachi TM 1000).

Determination of drug loading and microparticle yield

The valsartan content of the microspheres was assessed by extraction of the drug in
absolute ethanol followed by spectrophotometric measurement at 251 nm (¢ = 13681 L mol!
cm™) using a UV spectrophotometer (model Shimadzu UV-2401). For each test, 40 mg of
microparticles (prepared with CAB or CAB/PBS mixture, as appropriate) were dispersed in 10
mL of absolute ethanol in a sealed vial for 3 h. After appropriate dilution, the resulting solution
was analysed for valsartan content by UV—Vis spectroscopy. The actual drug loading (DL), the
encapsulation efficiency (EE) and yield (PY) of microspheres were calculated using the
following equations:
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Vals mass in microsphers

DL =100 , ®)
mass of microsphers

EE =100 Vals act.ual drug load ©)
Theoretical drug load

PY =100 Microspheres recovered (practical mass) 7

Mass of carrier and drug used in the formulation (theoretical mass)

In vitro valsartan dissolution studies

In vitro dissolution testing of valsartan from the prepared formulations was performed
using a suitable glass dissolution reactor maintained in a water bath at 37+0.5 °C with a stirring
speed of 500+1 rpm. Appropriate quantities of formulations containing 40 mg of valsartan were
placed in 1000 mL glass flasks filled with 900 mL of simulated liquid at pH 7.4. At specified
time intervals, 5 mL aliquots were removed from the dissolution medium and replaced with an
equal volume of prewarmed (37+0.5 °C) fresh dissolution medium. Valsartan concentrations
were measured using a Shimadzu UV-2401 UV-Vis spectrophotometer at the drug’s maximum
absorbance wavelength (A(max) = 251 nm, & = 13,105 L-mol!-cm’!) in a phosphate buffer
solution (pH 7.4) that simulated intestinal conditions. The amount of valsartan in each sample
was determined spectroscopically and the corresponding drug release profiles were plotted,
showing the cumulative percentage drug release (calculated from the total amount of Vals in
each formulation) versus time. Each batch was tested in duplicate and the mean values were
used for calculations. Two mathematical models, the Higuchi and Korsmeyer—Peppas
equations, were used to analyse the drug transport mechanisms and predict the kinetics of drug
release.?22

RESULTS AND DISCUSSION
Microspheres characterizations

Excipients are an essential component in nearly all pharmaceutical dosage
forms. The successful formulation of a stable and effective solid dosage form relies
on selecting appropriate excipients, which are added to facilitate drug delivery and
protect it from degradation.

In this study, eight microparticles were characterized in terms of shape, sur-
face morphology, drug entrapment and size (mean diameter). The development of
eight formulations loaded with valsartan using different polymers via solvent
evaporation, with varying polymer proportions and experimental conditions, res-
ulted in differences in particle size (mean diameter), surface morphology and drug
entrapment. The results for drug loading (DL), percentage practical yield (PY),
encapsulation efficiency (EE) and size distribution are presented in Table I1.

The operating conditions of the microencapsulation process can influence the
drug loading, the percentage of practical yield as well as the mean particle size and
its distribution.26:27

Optical microscopy analysis of different samples prepared at a stirring speed
of 800 rpm showed that the microparticle shapes were spherical with diameters
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ranging from 69.7 to 3.5 um. The particle size dispersion ranged from 1.65 for
batch 3 to 1.24 for batch 7 (Fig. 1).

TABLE II. Results of the microencapsulation process for the prepared microspheres
Code DL/% PY/% EE/%  dy/pm dsy / pm dyz / pm J(PDI)

L1 33.18 84.96 84.58 45.7 56.2 62.3 1.36
L2 31.64 74.51 70.72 0.5 0.53
L3 23.75 59.77 42.58 48.9 69.7 80.7 1.65
L4 26.47 52 41.30 0.3 0.26
L5 30.182 55 49.76 53 6.3 7.0 1.31
L6 31.07 55 51.20 0.7 0.75
L7 32.03 50.09 48.20 3.0 3.5 3.8 1.24
L8 38.97 55.54 65 2.0 1

Fig. 1. Optical microscopy images of spherical valsartan-loaded CAB and PBS microparticles
(L1, L3, L5 and L7), observed at 100x magnification.

For microparticles prepared at a speed of 1200 rpm (Lots: 2, 4, 6 and 8), the
diameter study was carried out using a zetameter and dynamic light scattering
(DLS). The rotation speed of 1200 rpm influenced the particle size and distri-
bution, allowing optimal homogeneity in the formulation. The results showed that
the microparticle diameter was in the range of 40 to 200 nm (Table II). This
relatively small and well-defined size is particularly favourable for pharmaceutical
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applications, ensuring better bioavailability and efficient diffusion of the drug into
the target tissues. In addition, the narrow size distribution obtained is beneficial for
controlling the release of the drug and maximising its therapeutic efficacy.?8

The surface and morphology of the microspheres were also studied using
scanning electron microscopy (SEM). The photographs of formulations 1 and 2,
Fig. 2, show that the microparticles composed exclusively of cellulose butyrate
acetate are individualised, spherical and have a rough surface.

2022110131 1247 D50 x1.0k 100um

Fig. 2. SEM images showing the surface and morphology of Vals-loaded microspheres.

In all formulations the drug content ranged from 23.75 to 38.97 %, while the
practical yield varied from 50.10 to 84.96 %. Formulation batch 3 had the lowest
drug content while batch 8 had the highest. Furthermore, batch 1 had the highest
yield while batch 7 had the lowest.

Various factors affect the content, yield, size and morphology of micropar-
ticles. In this study, we investigated how formulation parameters such as stirring
speed, surfactant type, organic/aqueous phase fraction, as well as matrix compo-
sition and nature, have influence on microparticle characteristics.

Effect of stirring speed and shear

Agitation is a key parameter influencing microsphere size. The most common
model for describing particle size variation with agitation is based on Kol-
mogorov’s theory.29

In most studies, experimental results were in agreement with theoretical pre-
dictions. It has been observed that, under identical operating conditions, an inc-
rease in stirring speed affects the microsphere characteristics, in particular the size
of the microspheres and the drug content.!8,30,31

All formulations (L1-L8) exhibited well-defined, perfectly individualized
spherical shapes (Fig. 1). The particle size distributions, determined by light mic-
roscopy and zeta analysis, showed a clear trend of decreasing particle size as the
stirring speed increased from 800 to 1200 rpm. Specifically, the average particle
size decreased from 56.2 ym in L1 to 0.5 um in L2 and from 69.7 ym in L3 to 0.3
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um in L4. Furthermore, the size distribution (d) improved from 1.52 to 1.31 under
these conditions.

This reduction in particle size can be attributed to the higher energy input
during emulsification at elevated stirring speeds (1200 rpm), which facilitates the
efficient breakup of the organic phase into smaller, well-dispersed droplets.32

However, an inverse relationship was observed between stirring speed and
drug loading. Formulations prepared with PV A as the emulsifier demonstrated this
effect clearly. The drug loading, expressed as the percentage of the actual valsartan
content in the microspheres relative to their mass, decreased from 33.18 in L1 to
31.64 % in L2 and from 49.76 % in L5 to 31.07 % in L6.

Many studies, including those by Mouffok et al.,30 Badis et al.!8 and Merdoud
et al3! have shown that higher stirring speeds typically result in smaller
microparticle sizes and reduced encapsulation efficiency of the active ingredient.
This effect is likely attributed to increased shear forces that interfere with the
encapsulation process.

Effect of stabilising agents

Stabilizing agents are essential for maintaining emulsion stability, as they
lower the interfacial tension between the continuous and dispersed phases. They
also inhibit the coalescence and aggregation of emulsion droplets, especially in the
early stages of solvent evaporation.32.33

The effect of PVA and Tween 80 surfactants on microspheres prepared under
identical operating conditions (Vals ratio 1:2, stirring speed 800 rpm) is shown in
Fig. 1. Microspheres stabilised with PVA (Fig. 1: L1) were spherical and smaller
in size (d3p = 56.2 um) compared to those stabilised with Tween 80 (d3y = 69.7
um), which had a rough and porous surface (Fig. 1: L3).

Table II compares the effects of PVA and Tween 80 on key parameters
including drug loading (DL), encapsulation efficiency (EE), yield, Sauter mean
diameter (d3;) and size distribution (5). Smaller microspheres were consistently
obtained with PVA, consistent with results reported in the literature.34

PVA was more effective than Tween 80 in reducing the interfacial tension,
thus limiting droplet coalescence during emulsification. Higher concentrations of
PVA further improved drug loading and encapsulation efficiency while reducing
mean particle size (d3») and size distribution (0). In particular, PVA achieved a
higher encapsulation efficiency (EE = 84.58 % for L1) compared to Tween 80.
This can be attributed to the properties of the polymer, the controlled stirring speed
of 800 rpm and the smoother microsphere surfaces produced with PVA.

In contrast, microspheres prepared with Tween 80 exhibited significant sur-
face porosity, resulting in significant loss of valsartan, which negatively affected
both DL and EE. These observations are consistent with the findings of Mouffok
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et al.,30 who also highlighted the detrimental effect of surface porosity on drug
encapsulation efficiency.

Effect of dispersed phase on continuous phase

The dispersed phase to continuous phase (D/C) ratio is a critical parameter in
solvent evaporation microencapsulation as it significantly influences the properties
of the resulting microparticles. Optimisation of this ratio is essential to achieve
desired particle characteristics such as size, homogeneity, morphology and
encapsulation efficiency. Experimental adjustments are often required to tailor the
D/C ratio to the specific properties of the phases involved and the process
objectives.32:35,36

A low D/C ratio generally results in better size homogeneity and smaller
microparticles, as each droplet of dispersed phase contains less material and
droplet formation is more controlled. In addition, low D/C ratios promote the
formation of microspheres with smoother surfaces, probably due to the faster
solidification rate. The higher water content in the continuous phase accelerates
polymer precipitation, resulting in less porous microspheres.36:37 Notably, a red-
uction in the D/C ratio was associated with a significant increase in encapsulation
efficiency.38

Our results are consistent with previous findings. For example, a significant
improvement in encapsulation efficiency (DL = 49.76 %) was observed in batch 5
(D/C ratio of 0.1) compared to batch 1 (DL = 33.18 % for D/C ratio of 0.2). As
shown in Fig. 1, L5, with a lower D/C ratio, produced smaller microparticles (d3;
= 6.3 pm) with a compact and well-formed surface. In contrast, L1, with a higher
D/C ratio, produced larger microparticles (d3> = 56.2 um) with a porous surface.

The influence of the D/C ratio was particularly evident in batches prepared at
a stirring speed of 800 rpm, where differences in particle morphology and size
were pronounced. However, for batches 2 and 6, prepared at a higher stirring speed
of 1200 rpm, the effect of the D/C ratio was less pronounced as the increased
stirring speed dominated the characteristics of the microparticles.

Impact of polymer properties

The properties of the polymer used play a critical role in determining encap-
sulation efficiency, particle size and drug release rate, as has been extensively
discussed in the literature.30:394! Two key parameters that influence the organic
phase and consequently the encapsulation rate are polymer concentration and
molar mass.

An increase in polymer mass or molar mass increases the viscosity of the
organic phase, thereby limiting drug migration into the external aqueous phase.*2
This effect, which is attributed to faster precipitation of the polymer in the droplets,
results in higher encapsulation efficiency.3%43
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Similarly, polymer concentration and molar mass have a significant effect on
particle size by modifying the viscosity of the organic phase, which in turn influ-
ences droplet rupture behaviour. Both theoretical and experimental stu-
dies!7:18.31,40.4243 have shown that reducing the molar mass of the polymer at a
constant solvent volume reduces the viscosity of the organic phase, facilitating the
formation of smaller microparticles.

The inclusion of PBS in the formulations (L7 and 8) slightly improved drug
entrapment compared to L1 and 2, which were prepared using the same solvent
conditions, PVA concentrations and stirring speeds. L1 achieved a high yield of
84.58 %, reflecting minimal loss of microspheres during preparation and recovery.
In contrast, L7 showed a lower yield of 49 %, which was influenced by polymer
agglomeration and adhesion to the stirrer blades and beaker walls during
microsphere formation. In addition, migration of small microparticles during fil-
tration further reduced the yield for L7 (d3p = 3.5 pum).

The particle size distribution in batch 7 was narrower (6 = 1.24), probably due
to the reduced viscosity in the dispersed medium caused by the lower molar mass
of PBS. These results are consistent with previous studies reported in the
literature.17.18.31

Microsphere spectroscopy

FTIR spectroscopy confirmed the actual presence of valsartan in the micro-
spheres (Fig. 3) and highlighted the chemical stability of the drug. The FTIR
spectra of the valsartan loaded microspheres were compared with those of pure
valsartan and the CAB and PBS polymer matrices (Fig. 3).

The FTIR spectrum of pure valsartan (Fig.3a) is characterised by a broad band
at 3444.86 cm™!, corresponding to the stretching of the N-H bond as mentioned
by Islas et al.43 A band at 2961.67 cm™! is observed, attributed to the extension of
the —CH bond in the methyl group (CH3). Two intense carbonyl bands are detected
at 1730.38 and 1597.43 cm™!, corresponding to the elongation of the C=0 of the
carboxyl group and the C=0 of the amide function, respectively.

A band located at 755.83 cm! is associated with the out-of-plane deform-
ations of the N—H bond in the primary amine. Finally, a band at 1409.56 cm™! is
observed, which is attributed to the stretching of the N=N bond.

The FTIR spectrum of CAB alone (Fig. 3b) showed a strong stretching vib-
ration band at 1733.59 cm1, attributed to the C=O bond originating from the
acetate and butyrate groups in the polymer. A series of characteristic absorption
peaks for the CAB polymer were observed at 2961.82, 2935.20 and 2873.31 cm!,
corresponding to the asymmetric and symmetric stretching vibrations of the CH3
and CH, groups. The region between 1235 and 1050 cm™! is associated with the
stretching vibrations of the C—O bonds in the ester groups (acetate and butyrate).
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Fig. 3. FTIR patterns of: a) valsartan, b) CAB,(c) PBS,d) L1 and e) L7.

The infrared spectra of the microspheres (Fig. 3d) show characteristic bands
similar to those of valsartan and CAB matrix, indicating the intact presence of the
drug and polymer. In addition, a broad peak observed at the same positions as in
the spectra of pure valsartan and CAB, without the appearance of new bands,
suggests the absence of physical interaction between the drug and the polymers.
The transmittance variations are explained by the concentration differences
between the components.

The FTIR spectrum of batch 7 (Fig. 3e), derived from the combination of the
two matrices CAB and PBS with valsartan, showed the characteristic stretching
bands of the carbonyl group at 1711 cm! for the ester function of PBS and at 1650
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cm! for valsartan. These results confirm the successful incorporation of both PBS
(Fig. 3¢) and valsartan (Fig. 3a) into the microspheres.

Finally, by comparing the IR-TF spectrum of pure valsartan with that of mic-
rospheres from batches 1 to 8§, it is observed that the C=O band of the amide
function (around 1597.43 cm™!) has shifted to higher wave numbers. This shift can
be attributed to the disruption of intermolecular and/or intramolecular hydrogen
bonds in valsartan during its microencapsulation with CAB and PBS.44

The XRD spectrum of pure valsartan is shown in Fig. 4a. The XRD shows the
absence of distinct peaks, indicating that valsartan is in amorphous form. Other
studies such as Wang et al.45 and Youn et al.,*¢ have also observed an amorphous
structure for pure valsartan.

Examining the XRD of the CAB polymer (Fig. 4b), it is noted that it does not
show any crystalline peaks, suggesting an amorphous structure. This results in an
amorphous combination when valsartan and CAB are physically mixed in mic-
rospheres (batches 1-6) as shown in the XRDs of batches 1, 3 and 5 (Fig. 4d—f).

In contrast, the X-ray diffractogram of the PBS polymer (Fig. 4c) shows a
partially crystalline phase with two distinct peaks at 260 equal to 19.67 and 22.72°,
characterising a semi-crystalline structure.

A comparison of the X-ray diffraction patterns of valsartan, CAB and PBS
with those of formulation L7 (see Fig. 4g) shows that the crystalline state of
valsartan increases significantly in the solid dispersion while the characteristic
peaks of PBS are maintained. Pure valsartan exhibited a broad amorphous halo in
the 26 range of 13.8—15.0°, but this was no longer observed in the L7 formulation.
This suggests that valsartan underwent a partial structural reorganization into a
semi-crystalline form.

Drug dissolution of valsartan

Valsartan, a tetrazole derivative, contains acidic (pK, 4.73) and carboxylic
groups (pK, 3.9) that significantly affect its solubility, especially within the neutral
pH range.47 At physiological pH, it exists as undissociated acid, mono-anion or di-
anion. Its solubility markedly increases between pH 4 and 6, favoring the anionic
form but reducing lipophilicity, which in turn influences its gastrointestinal
absorption. Dissolution becomes rapid and complete at pH 5.0 or higher.48

At 25 °C, valsartan’s solubility in water is 0.18 g/L but rises substantially in
buffered solutions, reaching 16.8 g/L in a phosphate buffer at pH 8.0. These
properties are crucial for optimizing its formulation and therapeutic use.3-3

In this study, cellulose-based microparticles loaded with valsartan were dev-
eloped and evaluated for controlled drug release. The release of the encapsulated
drug was studied in vivo using simulated intestinal (colon) environment at 37 °C
and compared with pure drug dissolution.
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Various parameters were adjusted during the preparation process and their
effect on drug release is analysed in this work. As highlighted earlier, the char-
acteristics of the microparticles obtained, such as size, morphology and structure,
were strongly influenced by the process variables and formulation conditions.
These characteristics also influence the mass transfer mechanisms, potentially
altering the release profiles.

The pure drug and the eight formulations were subjected to in vitro dissolution
studies in simulated intestinal fluid (pH 7.4). Samples were collected at different
time intervals, filtered and analysed at 251 nm. The dissolution profiles of the pure
drug and the binary drug carrier system are shown in Figs. 5-7, and the in vitro
release results of pure valsartan and all the formulations from L1 to F8 are shown
in Table III. Furthermore, the release kinetics of Vals from these formulations were
analyzed using the following models during the initial phase, up to 65 % drug
release.

S0

# g

3. Pure Vals.
.; 70 #LOT1

E, 60 WLOT2

- vk i

= 50 ALOTS

g 40 " X LOT4

= s0 ; f.LOTS

El

g 20 oo LOTE

LaT?

>l<><><><><><><>_<>_< x X
Wxxxx A

ﬂllllllll l LoTs
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Release time. min

Fig. 5. Percent cumulative drug (Vals.) release vs. time in simulated intestinal fluid (pH 7.4).

For a clearer presentation of the results, discussion and to highlight the effects
of the formulation parameters, we chose to directly and graphically compare the
valsartan release profiles of the microparticle batches, varying each parameter
individually.

It should be noted that CAB was used as the primary matrix in batches L1-
—L6. In addition, the effects of stirring speed, type of stabiliser and ratio of dis-
continuous to continuous phase were specifically investigated for CAB micro-
spheres. Conversely, the influence of PBS polymer as a secondary matrix was
evaluated in batches L7 and LS.

Firstly, the data presented in the table above indicate that valsartan exhibits a
gradual but steady dissolution in the intestinal environment (pH 7). The release is
initially limited but gradually increases, reaching about 60 % after § h.
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TABLE III. Percentage release data for Vals measured at 30 min and 1,2 and 8 h

Time

Code 30 min Ih 2h 8h

Pure Vals 15.70 18.72 22.50 57.40
L1 472 4.86 8.35 10.07
L2 2.80 2.86 335 7.64
L3 18.08 18.16 18.34 20.10
L4 12.36 12.44 12.81 15.10
L5 8.36 8.75 11.60 53.04
L6 16.01 16.05 16.20 19.32
L7 50.86 58.80 60.53 83.81

L8 40.61 47.65 51.85 61.17
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The encapsulation of valsartan with cellulose acetate butyrate (CAB) sig-
nificantly reduces its release in a medium at pH 7.4 (Fig. 5). This is likely due to
the encapsulating effect of the polymer matrix and its hydrophobic nature, which
limit water diffusion and drug release. This is supported by previous studies.4®
These properties slow down the disaggregation and diffusion of the drug while
modifying its microstructural environment. These observations, which are consist-
ent with the work of Merdoud et al.3! who showed a slower release with CAB
compared to ethyl cellulose (EC), suggest that CAB is a promising polymer for
controlled release formulations.

The decrease in valsartan microparticle size results in a slight decrease in
valsartan release, despite the literature linking rapid agitation during microencap-
sulation with improved release. This observation can be explained by several fac-
tors. Firstly, the agitation speeds used (800 and 1200 rpm) remain relatively high,
producing microparticles of similar size, thus reducing significant differences in
behaviour. Secondly, very small microparticles tend to agglomerate due to inter-
particle forces, reducing the effective surface area available for dissolution. In
addition, the CAB (cellulose acetate butyrate) coating matrix could slow drug rel-
ease by limiting diffusion from small particles due to physical and chemical bar-
riers. These combined elements explain the slightly reduced release from very fine
particles.

Fig. 6 shows that the cumulative release of microspheres prepared with Tween
80 (batches 3 and 4) was faster than that of those containing PVA (batches 1 and
2) due to their porosity and surface morphology (Fig. 6). These findings are
consistent with those of Mouffok et al.,30 who also emphasised the negative impact
of surface porosity on drug release. Finally, the introduction of another matrix,
such as low molecular weight PBS, also leads to a rapid release of valsartan, as
observed in batches 7 and 8 compared to batches 1 and 2 (Fig. 7).

Release mechanisms and mathematical analysis

Mathematical evaluation of in vitro drug release was performed using two
diffusion models: Higuchi and Korsmeyer models.24-25 The correlation coefficient
(r2) obtained by plotting the experimental data according to the equations of these
models allowed the Higuchi model to be identified as the most appropriate:

0, =Kuty (®)
or Korsmeyer—Peppas:
M, n
—— =Kt 9
v; K )

oo

where M,/M.. represents the fractional drug release, Ky and K are the release
constants for the Higuchi and Korsmeyer models, respectively, and # is the release
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exponent defining the release mechanism. The Higuchi model describes the release
of water-soluble or poorly water-soluble drugs from semi-solid or solid matrix
systems.24 Meanwhile, the exponent 7, as defined by Peppas,>? distinguishes
different release mechanisms: Fickian diffusion occurs when n = 0.5 and is time-
dependent, whereas non-Fickian diffusion is observed when » ranges between 0.5
and 1.0. Case II transport corresponds to n = 1.0, while super Case II transport
occurs when n > 1. When n < 0.5, the diffusion mechanism is associated with the
quasi-Fickian model. The results of the data analysis are summarised in Table IV.

TABLE IV. Coefficients of correlation and dissolution rate constants of Vals from microspheres
in simulated intestinal fluid

Code Ky R? In K Kx n R?

L1 0 .481 0.927 1.242 3.463 0.086 0.972
L2 0.344 0.973 0.864 2.373 0.050 0.993
L3 2.281 0.982 2.571 13.080 0.132 0.999
L4 1.592 0.969 2.478 11.917 0.013 0.929
L5 1.013 0.973 1.959 7.092 0.043 0.999
L6 2.045 0.968 2.733 15.379 0.011 0.986
L7 4.237 0.996 2.578 13.171 0.415 0.992
L8 3.708 0.983 2.746 15.580 0.301 0.977

The correlation coefficients and dissolution rate constants of valsartan rel-
eased from microspheres, based on the investigated models in an intestinal
medium, are summarised in Table IV. Overall, according to the coefficient of
determination (R2) values presented in Table IV, the Korsmeyer—Peppas model
provided the best fit, with R2 greater than 0.97 for all formulations except L1 in
the Higuchi model (R? = 0.927) and L4 in the Korsmeyer—Peppas model (R? =
0.929). These strong correlations suggest that the drug release is predominantly
governed by diffusion mechanisms.

The dissolution rate constants of the drug in the simulated intestinal medium
(pH 7.4), derived from the Higuchi’s equation plots, ranged from 4.237 min~1/2 for
L7; 3.708 min~1/2 for L8; 2.28 1min~1/2 for L3; 2.045 min~!/2 for L6; 1.592 min~
172 for L4; 1.013 min—V2 for L5 ; 0.481 min—1/2 for L1 to 0.344 min~! for L2. These
values, reflect relatively low dissolution constants in the intestinal medium (see Table
IV) and are consistent with the results of previous experiments.

Furthermore, the lower n values (0.011-0.415) obtained from the Korsmeyer—
Peppas equation (Table IV) suggest a quasi-Fickian release mechanism, ruling out
matrix erosion or solubilisation as the dominant release processes.25:47:48,50,51

CONCLUSION

This study investigated the effect of valsartan microencapsulation on its rel-
ease profile. A significant sustained release effect was observed when valsartan
was encapsulated with CAB polymer, reaching up to 7.67 % in batch L2. Fur-
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thermore, the influence of formulation parameters on the properties and in vitro
release behaviour of valsartan-loaded CAB microspheres prepared by solvent-
-evaporation microencapsulation was evaluated. The results showed that inc-
reasing the stirring speed during microsphere preparation generally led to a red-
uction in microparticle size, but could also result in increased valsartan loss,
thereby reducing the amount of encapsulated drug. In addition, the use of PVA
produced spherical microspheres with smooth, porous surfaces, which facilitated
controlled drug release. In contrast, the incorporation of Tween 80 resulted in
irregularly shaped microspheres with rough surfaces and larger pores, which
accelerated valsartan release. Finally, the inclusion of an additional matrix, such
as PBS, resulted in the formation of particularly small microparticles, which were
associated with more pronounced valsartan release. These findings highlight the
importance of selecting formulation parameters and excipients to modulate the
release characteristics of microspheres and optimise the efficacy of drug delivery
systems.

In summary, the characteristics of the microspheres were strongly influenced
by both the process and the formulation parameters. Higher stirring speeds reduced
particle size and improved homogeneity, though they lowered drug loading. PVA
produced smaller, smoother particles with a higher encapsulation efficiency than
Tween 80 did. Using a lower D/C ratio further enhanced size uniformity and drug
entrapment. Polymer properties such as molar mass and viscosity also modulated
particle size and loading.
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U3BOJI

OIITUMHU3ALTNUIA KOHTPOJIMCAHOT OCIIOBABALA BAJICAPTAHA ITPEKO
LIEJTYJIO3HOT AHETATA-BYTUPATA U MUKPOC®EPA ITOJIN (BYTUJIEH-CYKLIMHATA):
YTHUIAJ YCIIOBA ®OPMYJIALIMJE

AISSA BOUHARAOUA!, HAOUARIA MERINE! u YOUSSEF RAMLI?

"Laboratory of Macromolecular Physical and Organic Chemistry, Faculty of Exact Sciences, University of
Djillali Liabes, Sidi Bel-Abbes, Algeria u “Laboratory of Medicinal Chemistry, Drug Sciences Research Center,
Faculty of Medicine and Pharmacy, Mohammed V University, Rabat, Morocco

Osa cTynuja uctpaxyje dopmynanujy Mukpocdepa nemynosHor anerara-dytupata (CAB)
HaINy’heHNX BAJICAPTAHOM, IPUITPEMIbEHUX MUKPOEHKAIICYIallijOM HCITapaBambeM PacTBapaya,
Kako OM ce MPOLEHWIO BHUXOBO UH GUPO TIOHAIIawe ocinodahawa M yTHIAj mapamerapa
¢opmynauyje. Ctynuja je ucnurtana edexte Hp3uHe Mellawma, CTadUauzaTopa U MaTPUIHUX
MarepHjaia Ha BeJIMUYMHY YecTula U ocnodabhame nexa. [Toehawe dp3nHe Mellama CMaBbUIO
je BEIMUMHY YecTHLa, aau je Taxohe goseno o seher rybuTka BajcapTaHa, cMamyjyhu
eduxacHoct enkancynanuje. Kopumrhemwe cypdaxranTa noiumieyHa KUCEIHHA Pe3yITHPAIO
je rmatkum, chepHHM M TNOPO3HUM MHUKpocdepama Koje cy Mmodospliase KOHTPOIMCAHO
ocnodahame. Hacympor Tome, kopuurheme Tween 80 moBesno je 10 HEMPaBWIHKUX YeCTHIIA ca
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rpydum moBpumrHama U BehuM mopama koje cy ydpsase ociobahame nexa. YibyduBame
nonu(DyTHIeH-CyKIIMHATa) Y MaTPHULY Pe3yaTHpao je GopMHUPameM MabiX MUKPOUECTHLIA U
3HauajHo Behom cromom ocinobahama BascapTaHa. OBM Halasd HarjallaBajy Ba)KHOCT
onTHMH3alMje Mapamerapa Gopmynaudje ¥ TOMONHHUX MarepHja 3a KOHTDPOJY Kapak-
TepucTHKa ociodaharma exoBa U nodosbliame neppopMaHCH CUCTEMA 33 UCIIOPYKY JIEKOBA.

(ITpumibeHo 21. Maja, pesunupano 15. Jyna, mpuxsaheno 10. cenrembpa 2025)
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