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ABSTRACT
A new amlodipine-chitosan nanocomposite was built using amlodipine nanoparticles as primary scaffolds by spontaneous emulsification, and its complete
elucidation was performed by using several spectrometric techniques. Our results indicate that the amlodipine-chitosan nanocomposite has better solubility than
amlodipine at pH 7.4 with a nearly all the drug substance dissolved (97%) by the final time-point measured. The docking study support the existence of intermolecular
interactions are established between amlodipine and chitosan.
Keywords: Amlodipine; Chitosan; Nanocomposite; Drug-release properties; Docking studies.

1. INTRODUCTION
Water solubility is one of the most important parameters for achieving the
systemic drug concentration necessary for getting a desired pharmacological
response.1 The partition coefficient (Log P) of a pharmaceutical entity is a key
parameter that affects bioavailability, particularly for orally administered
products.2 A poor drug bioavailability is associated with a high Log P value,
where a high Log P value could imply a low dissolution rate in biological fluids,
whereas low Log P value indicates the entity can pass through cell membranes,
possibly affecting structural stability.3 Nowadays, there is a great interest in
improving the physicochemical properties of pharmaceuticals with poor
solubilities by employing methods such as reducing particle size, increasing
surface area, coupling or coating with other entities among others.4-15 These
procedures allow to increase the ability of these drugs to dissolve in an aqueous
medium and thus meeting required therapeutic concentrations.4-15
Amlodipine besylate (2-[(2-aminoethoxy)-methyl]- 4-(2-chlorophenyl) 1, 4dihydro-6-methyl-3,5-pyridine-dicarboxylic acid-3 ethyl-5 methyl ester; Fig. 1)
is a calcium channel blocker with extremely potent vasodilating activity, used for
the management of hypertension, angina pectoris, and cerebrovascular disease.
16-17
However, it has low water solubility in the pH range from 1 to 6.8. In this
pH range at 37°C, water solubility is 1 mg/mL.18 Here, it is convenient to mention
that nanoemulsions are able to improve the oral bioavailability and subsequent
release of some drugs. These nanoemulsions can be built using polymers or lipidmaking nanoparticles to develop therapeutic and pharmacological properties.19

Thus, it is possible to suggest that the formation of an amlodipine-chitosan
complex could improve the water solubility and oral bioavailability of
amlodipine. In this sense, the main aim of this study is to carry out the synthesis
and characterization of a new amlodipine-chitosan complex and to demonstrate
that it presents a higher solubility in water due to the formation of the
nanocomposite. In addition, we perform docking studies to analyze the key
interactions established between amlodipine and chitosan that evidence the
formation of nanoparticles and explain how these chemical interactions improve
the amlodipine release.
2. EXPERIMENTAL DETAILS
2.1 Material and methods
Amlodipine was obtained from Alborz Darou. Chitosan purchased from
Sigma-Aldrich with medium molecular weight (75-85% deacetylated). The
chemical grade, laboratory vendor or supplier, and most importantly, the
molecular size (in kDa) and deacetylation percentage are of concern. A multiwave ultrasonic generator (Sonicator_3000; Misonix, Inc., Farmingdale, NY,
USA) equipped with a converter/transducer and titanium oscillator (horn), 12.5
mm in diameter, was operated at 20 kHz with a maximum power output of 600
W. X-ray powder diffraction (XRPD) measurements were performed using an
X'pert Diffractometer (Philips; United States) with monochromated CuKα
radiation. The Fourier transform-infrared (FT-IR) spectra between 400 and 4000
cm-1 were recorded using a Bruker spectrometer and KBr pellets. The UV–Vis
spectra was obtained by UV-Vis Spectrophotometer, PhotonixAr 2017, Iran. The
morphology of both the nanoparticle and nanocomposite preparations were
studied using scanning electron microscopy (SEM; LEO 1430VP) and the gold
sputtering technique.
2.1 Preparation of amlodipine nanoparticles

Figure 1. Molecular structure of amlodipine
Chitosan is a biopolymer built of β-(1,4)-linked glucosamine elements.20 It
exhibits mucoadhesive properties because of its positive charge at the protonated
amine terminal, favoring electrostatic interaction with the negatively charged
mucosal surface, allowing easier transport across transmucosal barriers. It is
known that chitosan is biodegradable and biocompatible and has low toxicity
properties, making it appropriate for use in pharmaceutical and biomedical
investigations.21-23 Also, it is well known that chitosan can control drug release
and the oral bioavailability of amlodipine.24-27
*Corresponding author email: hhuizar@uaeh.edu.mx

1 g of amlodipine was dispersed in 30 mL of acetonitrile and sonicated at 90
W for 20 min with a high-density ultrasonic probe immersed directly in the
dispersion. This method has proved to be an adequate strategy for dispersing
materials during the synthesis of nanoparticles in a liquid phase28. Then the
amlodipine was separated from the acetonitrile by centrifugation (6,000 rpm, 1
min). The product was dried at room temperature under vacuum.
2.2 Preparation of amlodipine-chitosan nanocomposite
The nanocomposite was prepared using the spontaneous emulsification
method. The solution was prepared by dissolving 0.15 g of chitosan in 50 mL of
distilled water, slightly acidified with 0.5 mL of acetic acid. It was stirred for 2
hr at 40°C. This solution was added dropwise to a suspension containing 0.07 g
of amlodipine dissolved in 30 mL of distilled water, and this solution was stirred
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for 24 hr at 40°C. The solids were filtered, and washed with deionized water, and
then dried at 80°C.
2.3 In vitro drug release properties
The release rate of amlodipine from the amlodipine-chitosan nanocomposite
was measured at pH 7.4 (phosphate buffered saline). In-vitro drug release studies
were carried out using a pore size based on the molecular size of amlodipine. To
this end, 0.005 g nanocomposite and 5 mL buffer were transferred to a porous
dialysis membrane, and the tube was placed in 500 mL of the same release
medium at 37°C. It was stirred at 100 rpm for 24 h. The solution was filtered
through a 0.45-µm filter. Every 5 min, 3 mL of the solution was removed and
immediately replaced by an equal volume of fresh buffer (to keep the volume of
diffusion medium constant). The amount of drug released was monitored by
using UV–Vis spectrophotometry at 257 nm. The percent of drug released was
evaluated using the following formula:
Drug Release (%) =

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 (𝑚𝑔)
× 100
𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝑔)

3.2 Vibration spectra
Amlodipine
nanoparticles
and
the
chitosan/amlodipine-chitosan
nanocomposite were analyzed by FT-IR, and the resultant spectra are shown in
Fig. 3 parts A and B, respectively. The FT-IR spectrum of pure amlodipine was
reported by Szabó et al.,41 and our findings agree, showing a peak at 3301 cm–1
representing N-H asymmetrical stretching and one at 3160 cm–1 representing NH stretching in the secondary amine. The bending deformation of NH2 was found
at 1495 cm-1. The peaks at 1698, 1675, and 1617 cm–1 resulted from C=O, NH3,
and carboxylate C=C stretching, respectively. At 2982 and 2949 cm-1, stretching
vibrations of CH3 and NH3 were seen, and at 1017 cm-1 stretching vibrations of
C-H and the C-C-C ring were seen. The peaks at 1303 and 1093 cm-1 were
assigned to C–H and SO3 stretching vibrations; the one at 1206 cm-1 was assigned
to SO3 and C-C stretching, C-H bending, and NH3 rocking vibrations. Finally, at
755 cm-1, C–H ring vibrations were seen. These results proved the purity and
accuracy of the amlodipine nanoparticles prepared ultrasonically and the
amlodipine-chitosan nanocomposite.

2.4 Docking studies
In order to analyze the amlodipine-chitosan interaction properties, docking
studies were performed following a well-established method of elucidating the
binding mode and how these interactions affect the releasing properties. In the
first stage, the molecular structures of amlodipine and chitosan were built using
the ChemSketch program,29 then they were minimized using the semi-empirical
AM1 method as implemented in the Gaussian 03 software. 30 The optimized
structures were prepared for the docking study through Gaussview 05 31.
AutoDock Tools was used as the graphical interface, and all docking simulations
were performed using AutoDock 4.0,32 applying the Genetic Lamarckian
Algorithm to obtain the best-ranked binding modes selected by the energetically
most stable criteria, measured by the binding energy (ΔG, kcal/mol). Briefly, the
docking procedure consisted of covering the entire amlodipine-chitosan
nanocomposite with a 60 x 60 x 60 Å3 grid at a grid point spacing of 0.375 A3.
Energy evaluations were completed using 1 x 107 runs, and the outcome
topologies were analyzed using Pymol graphical viewer. 33

(A)

3. RESULTS
3.1 X-ray powder diffraction analysis
X-ray powder diffraction (XRPD) of amlodipine was first reported by Koradia
et al. in 2010. 34-35. Upon comparing our XRPD studies with those reported
elsewhere, we found very similar diffraction patterns. The structure and particle
size of amlodipine, found using XRPD, is shown in Fig. 2. The average particle
size was found to be about 50 to 70 nm when the Scherrer's equation (1) was
used:
D = Kλ / (β cos θ) (1)
where D is the mean crystalline size (nm), K is 0.9 (Scherrer’s constant), λ is
0.154 nm, β is a half band width, and θ is the peak angle.36 The XRPD pattern of
a typical sample prepared by the sonochemical process was obtained, and the
Sherrer formula was used to estimate the particle size from the broadening of the
XRPD peaks. The average particle size was found, and it coincided with that
found using SEM images. 37-40
(B)
Figure 3. Fourier transform-infrared spectra: (A) amlodipine nanoparticles,
(B) chitosan (red spectrum) amlodipine-chitosan nanocomposite (black
spectrum) in bulk KBr.
3.3 Morphological properties

Figure 2. X-ray powder diffraction pattern of amlodipine nanoparticles
prepared by a sonochemical process.
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The morphology, structure, and size of the amlodipine nanoparticles and
amlodipine-chitosan nanocomposite (Figs. 4 and 5, respectively) were
investigated by SEM. The images obtained for amlodipine nanoparticles depicted
an amorphous morphology and a particle size of about 50 to 70 nm (Fig. 4).
Those obtained for the amlodipine-chitosan nanocomposite showed very good
homogeneity without an amorphous phase and showed that good quality was
achieved in its preparation (Fig. 5).
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4. DISCUSSION
4.1 Drug release studies
Anionic polymers form a matrix system that can be used as a controlled drug
release method.42-43 Drug release studies are critical for determining the behavior
that a drug might exhibit in the human body. The release rate of amlodipine from
the amlodipine-chitosan nanocomposite, measured at pH 7.4 (phosphate buffered
saline), is shown in Fig. 6. The quantity of drug released was monitored using
UV–Vis spectrophotometry at 257 nm. From Fig. 6, note that the amlodipinechitosan nanocomposite shows a greater release rate in comparison to release rate
associated with amlodipine. Maximum release rates of 97% and 66% for
amlodipine-chitosan and amlodipine, respectively, were found at 25 min, the
time point limit, demonstrating that the amlodipine nanocomposite had a better
release at pH 7.4 .44-45

Figure 6. Rate of solubility of amlodipine and amlodipine-chitosan
nanocomposite in water at pH = 7.4.
Figure 4. Scanning electron microscopy images of amlodipine nanoparticles.
Left, 40 KX; right, 20 KX.

4.2 Docking analysis.
Because the chitosan structure includes both donor and acceptor hydrogen
atoms, it was highly expected that the binding modes established between it and
amlodipine were stabilized primarily by hydrogen bonds. Indeed, the preferred
binding mode of amlodipine docked over chitosan shows 2 hydrogen bonds at
<2.5 Å, and a special orientation free of steric hindrance led to an improved
energy state where ΔG for A, B, C, and D were -1.72, -1.21, -1.2, and -1.1
kcal/mol, respectively (Fig. 7A). The same behavior was shown by the bestranked binding modes, where hydrogen bond formation decreased, but energy
remained good (Figs. 7B, C, and D).

Figure 7. Best-ranked binding modes yielded by the docking study. Cyan
dashes represent hydrogen bonds.

Figure 5. Scanning electron microscopy
nanocomposite. Left, 10 KX; right, 20 KX.

images.

Amlo-Chitosan

Here, it is important to mention that it is necessary to conduct further analyses
as organ-isolated studies so that the amlodipine-chitosan nanocomposite and
amlodipine can be compared in their abilities to generate the pharmacological
effect required. However, such study is beyond of the scope of the present work.
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CONCLUSIONS
A new amlodipine-chitosan nanocomposite was built by using amlodipine
nanoparticles as primary scaffolds by mean spontaneous emulsification. Data
obtained show that the amlodipine-chitosan nanocomposite has a better solubility
than amlodipine at pH 7.4 (97%). The docking study reveals that hydrogen bonds
are primarily responsible for enhancing the solubility of the nanocomposite.
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