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According to the biopharmaceutical classification system, telmisartan
is a class IT drug with low solubility and high permeability. NPs are
generally defined as carriers with sizes ranging between 1 and 1000
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VP most promising recent techniques for improving the solubility of Class
II drugs. Telmisartan nanoparticles were prepared via an evaporative
Telmisartan

antisolvent precipitation technique. Telmisartan (100 mg) was dissolved in
dichloromethane (DCM; 10 ml of dichloromethane). The polymers (PEG,
PVA, or PVP) were dissolved in 100 ml of water at different concentrations
via a magnetic stirrer until a homogenous solution was obtained. The drug
mixture was then stirred until nanoparticles formed. Formula F2 which
composed of 100 mg telmisartan and PVP as stabilizer in concentration
of 0.5 mg/ml has the lowest average particle size (259 nm) and this could
be due to the high affinity of PVP for both hydrophobic and hydrophilic
surfaces, indicating that PVP has a relatively high affinity for telmisartan.
Telmisartan nanoparticles were synthesized via antisolvent precipitation.
At different concentrations, the PVP, PVA, and PEG stabilizers produced
nanoparticles. Unlike conventional telmisartan, the synthesized
nanoparticles were released wholly and rapidly.
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INTRODUCTION

Telmisartan (TEL) belongs to angiotensin
Il receptor blockers (ARBs) which alleviates
hypertension and cardiovascular disorders owing
to its effective competitive blockade of the AT1
receptor [1]. TEL meets certain pharmacokinetic
requirements; it has low oral bioavailability,
ranging from 42-58%, owing to its poor water
solubility (0.004 g/L) but high permeability and
high first-pass metabolism. Thus, this solubility is
inappropriate for absorption and requires higher
loading, which leaves patients with possible side
effects and variability in therapeutic outcomes
[2]. To overcome these constraints, nanoparticle-
based delivery systems have been used to improve
TEL bioavailability and therapeutic value [3].

NPs are generally defined as carriers with
sizes ranging between 1 and 1000 nanometers in
diameter that can encapsulate or absorb drugs
and deliver them to desired areas [4]. NPs offer
several advantages, including enhanced solubility,
improved dissolution rates, and increased
antimicrobial activity [5]. NPs can be composed of
many materials, such as biodegradable polymers,
lipids, and surfactants. In addition, the system
can be manipulated to achieve the desired rate of
release and biodistribution of drugs [6]. Among the
more significant challenges in drug development,
controlling the solubility of poorly soluble drugs
has constituted a significant problem; however, the
advancement of NPs provides a complete solution.
Their small size is beneficial because they deliver a
large surface area/volume ratio, which enhances
their dissolution in body fluids. Furthermore,
NPs can preserve the amorphous state of a
drug, which dissolves better than the crystalline
form does [7]. Additional dispersion in aqueous

environments is evident when hydrophobic
drugs are encapsulated in hydrophilic NPs such
as liposomes or micelles. Nanosuspensions and
surface-modified particles have the advantages
of enhancing aqueous stability and preventing
drug—particle aggregation. These mechanisms
greatly increase drug solubility and bioavailability
and ensure delivery [8]. The preparation of TEL
NPs aims to enhance bioavailability of the drug by
increasing aqueous solubility through particle size
reduction, which leads to a larger effective surface
area.

MATERIALS AND METHODS
Materials

TEL was purchased from Hetero Drugs Limited
(India). Methanol, hydrochloric acid, polyvinyl
pyrrolidine (PVP) K30, polyvinyl alcohol (PVA)
cold water soluble, and polyethylene glycol 8000
(PEG) were obtained from Himedia Limited (India).
Dichloromethane was purchased from J. T. Baker
(Germany).

Determination of TEL solubility

The solubility of TEL in different media
was determined by dissolving excess TEL in
distilled water, phosphate buffer (pH 6.8), and
dichloromethane. The solutions were incubated
for 48 h with regulatory agitation, filtered, and
examined spectrophotometrically at 297 nm [9].

Preparation of TEL nanoparticles
Solvent-antisolvent evaporative method
was used to prepare TEL NPs. TEL (100 mg)
was dissolved in dichloromethane (DCM; 10
ml of dichloromethane). PEG, PVA, and PVP
were dissolved in 100 mL of water at varying

Table 1. The major composition of telmisartan nanoparticles.

Concentration of TEL
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concentrations and thoroughly mixed using
a magnetic stirrer to obtain a homogeneous
solution. The drug mixture was dropwise added
under continuous magnetic stirring at 1500 rpm.
After the complete addition of the drug solution,
stirring was continued for an additional 2 hours at
the same rate [10]. The different ratios of polymers
used for preparing the NPs formulas are listed in
Table 1.

Characterization of TEL nanoparticles
NPs characterized for particle size, zeta potential
and polydispersity index determination

The particle size and zeta potential were
measured to characterize the prepared NPs.
Additionally, the size uniformity of the dispersed
NPs was studied by measuring their polydispersity
index (PDI) via dynamic light scattering (DLS)
(Microtrac, USA) at a scattering angle of 90° at
room temperature. Measurements of the formulas
were done in triplicate for each [11].

Fourier transform infrared spectroscopy (FTIR)
Infrared spectra were obtained using an FTIR
spectrophotometer (Bruker Tensor 37, Germany)
to analyze pure TEL and each ingredient used in
formulations F2, F5, and F8, ensuring no chemical
interactions occurred during formulation [12].

Differential Scanning Calorimetry
DSC thermograms were obtained using a
differential scanning calorimeter (Shimadzu,

Japan). Each sample (2-5 mg) was placed in a
pierced aluminum pan and heated from 30°C to
300°C at a rate of 10°C/min under a nitrogen flow
of 50 mL/min [13].

Measurement of entrapment efficiency

The entrapment efficiency of the NPs was
determined via a 10 ml portion, which was
subsequently centrifuged at 7000 rpm for 10 min
(Centrifuge-CLO08). The supernatant layer then
was removed, and the amount of unincorporated
drug in the supernatant was measured
spectroscopically at 297 nm (Shimadzu, Japan)
[14].

In vitro dissolution

The dissolution test was conducted using 0.1N
HCI (900 mL, pH 1.2) at 37°C, a USP Il device with
paddle spinning at 50 rpm. Dissolution tests of
both TEL NPs and a TEL standard were used. Five
millilitres of each sample was extracted via a
syringe filter at various intervals over the course
of six hours. A UV spectrophotometer was used to
measure the amount of TEL dissoluted at Amax =
297 nm. The findings are displayed as the average
value of three records [15].

Analysis of statistics

The experimental results are expressed as the
mean = standard deviation (SD). Statistical analysis
was done using one-way analysis of variance
(ANOVA), and a significance determined when P

Table 2. Particle size, polydispersity index (PDI) and zeta potential (mV) for TEL nanoparticle formulations (n=3,

meant SD).
Formula no. PARTICLE SIZE PDI ZETA POTENTIAL
F1 730 +0.08 0.338 +0.164 98.8 +0.53
F2 259.2 +0.38 0.205 +0.002 80.5 +0.36
F3 502.1 +0.37 1.290 +0.427 69.4 £0.24
F4 704 +0.95 0.451 +0.553 52.6 +0.39
F5 513.6 +0.126 0.432 0331 32.8 £+0.48
F6 937.3+0.22 0.481 +0.336 11.8 +0.57
F7 768 +0.121 0.293 +0.279 15.4 +0.71
F8 456.3 +0.128 0.27 +0.21 32.9 £0.44
F9 1227.6 +0.12 0.621 +0.565 61.2 +0.344
F10 3272 +0.135 0.315 +0.263 100.2+0.33
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<0.05.

RESULTS AND DISCUSSION
TEL solubility

The solubility of TEL was 0.014 mg/ml in
water, 0.000401 mg/ml in phosphate buffer
(pH 6.8) and 18.33 mg/ml in dichloromethane.
The results showed that TEL is highly soluble in
dichloromethane (18.33 mg/ml) and dissolves
remarkably well in dichloromethane (DCM)
because dichloromethane has a lipid solubility
that is complementary to the structure of
TEL. Its moderate polarity and weak hydrogen
bonding interactions characterize this solvent as
appropriate for dissolving nonpolar compounds
through van der Waals and dipole—dipole forces
[16].

NP size, polydispersity index (PDI) and zeta
potential (mV)

Table 2 shows the results of the particle size,
polydispersity index (PDI), and zeta potential (mV)
ofthe TELNPs; allthe prepared TELNPsformulations
had particle sizes within the nanoscale range, with
wide variations from 259.2 to 3272. Formulas
F2, F5, and F8 were found to have the smallest
average particle size, and therefore, were selected
for further evaluation. Among these, PVP (used in
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F2) resulted in the smallest particle size and PDI.
This may be attributed to PVP’s strong affinity for
both hydrophilic and hydrophobic surfaces, which
likely enhances its ability to adsorb TEL more
effectively than PEG8000 and PVA [17].

Fourier transform infrared spectroscopy (FTIR)

The results of the infrared spectroscopy of
the TEL, F2, F5, and F8 are shown in Fig. 1. The
prominent peaks include a wide envelope at
3100-3500 cm™ from O—H stretching of carboxylic
acid and a strong peak at 1700 cm™ from C=0
stretching. These results demonstrated that there
were no chemical interactions between TEL and
other ingredients [18].

Differential Scanning Calorimetry

Fig. 2 displays the differential scanning
calorimetry (DSC) results. The DSC thermogram
of TEL exhibited sharp endothermic peaks at
269.8°C, which represent its melting point. The
same peak absence in the final selected formula
suggests that there were no interactions between
the used excipients and TEL during the process of
formulation [19].

Entrapment Efficiency
The entrapment efficiency (EE) results are

2000
onumber em-1
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Fig. 1. IR spectra of A:TEL, B: F2, C: F5, D: F8.
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shown in Table 3. The highest entrapment

efficiency was 99.89% for F9.

In vitro dissolution

Comparative release profile analysis revealed
that TEL effectively enhanced the release profile
of the nanoparticle-based formulation (TEL

nanoparticles; F2) compared with that of the
standard formulation (standard TEL). The number
of TEL nanoparticles increased and remained
at ~87% at 180 min, which could indicate nearly
complete drug dissolution, whereas the standard
TEL remained at less than 19%. This finding shows
that the TEL formulation improved the solubility,
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Fig. 2. DSC thermograms of A: TEL, B: F2, C: F5 and D: F8.
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Table 3. Entrapment efficiency of TEL
nanoparticle formulations (n=3, mean +SD).

Formula EE%
F1 98.01+0.22
F2 97.17+0.32
F3 99.24+0.43
F4 95.94+0.54
F5 98.71+0.23
F6 99.23+0.12
F7 98.82+0.54
F8 98.37+0.42
F9 99.89+0.65
F10 97.31+0.12
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Fig. 3. Release profile of TEL nanoparticles and plane TEL (n=3, meantSD).

dissolution rate, and overall release efficiency of
the nanoparticles, making it a better formulation
for the delivery of TEL [20]. Fig. 3 shows the release
profiles of the standard TEL and TEL nanoparticles.

CONCLUSION

This study successfully formulated and
evaluated TEL nanoparticles via the evaporative
antisolvent  precipitation  technique. The
results demonstrated that nanoparticle-based
formulations significantly increased the solubility
and dissolution rate of TEL, overcoming its
inherent low aqueous solubility. Among the
stabilizers used, PVP provided the most favourable
characteristics, yielding the smallest particle
size and highest dissolution efficiency. In vitro
release studies confirmed that TEL nanoparticles
exhibited rapid and nearly complete drug release
compared with conventional TEL. These findings
highlight the potential of nanoparticle-based drug
delivery systems to improve the bioavailability
and therapeutic efficacy of poorly soluble drugs
such as TEL. Future studies should explore in
vivo pharmacokinetic and pharmacodynamic
evaluations to validate these results and assess
their clinical applicability.
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