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Abstract

Background: Alzheimer’s disease (AD) is an age-related and irreversible neurological disorder. The low efficacy of current therapeu-
tic strategies is related to both poor drug potency and the presence of various obstacles in the delivery routes, such as blood-brain
barrier (BBB) that limits the uptake of most drugs by the brain. Rivastigmine hydrogen tartrate (RHT) is used in mild to moderate
forms of AD therapy.
Objectives: The present study described the use of Poly-lactic-co-glycolic acid (PLGA) nanoparticles (NPs), as effective delivery vehi-
cles, to improve the therapeutic efficiency of RHT.
Methods: RHT-loaded PLGA NPs were prepared using interfacial polymer deposition, following solvent displacement method with
different ratios of polymer: Drug. The NPs were studied for entrapment efficiency, particle size, and surface morphology, using scan-
ning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and differential scanning
calorimetry (DSC). In vitro drug release from NPs was also assessed by a modified dissolution method.
Results: The entrapment efficiency of RHT in NPs was found to be between 27.71 ± 6.86 and 45.70 ± 11.06 and the average size was
about 75.14 to 173 nm. The zeta potential was negative (-2.28 to -10.5 mV), as determined by dynamic light scattering (DLS). The drug
released from NP formulations was between 69.98% and 89% upon 24 hours, which indicated improved sustained drug release
characteristics.
Conclusions: These results suggested the potential usefulness of PLGA NPs for the delivery of RHT in a sustained and controlled
manner.
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1. Background

Alzheimer’s disease (AD) is the most popular form of
age-linked degeneration of the nervous system (1). Tar-
geting drugs into the central nervous system (CNS), to
provide accurate detection and remedy of frequently oc-
curring neurodegenerative diseases, such as AD is lim-
ited, mostly because of the presence of blood-brain barrier
(BBB), which plays a significant role in protecting the CNS
from free entrance of unwanted substances (2).

Polymeric nanoparticles (NPs) have certain distinct ad-
vantages, such as protection of drug from degradation and

control of the rate of drug release (3, 4). It has been re-
ported that the polymer properties, along with size and
surface properties of the NPs, can affect the mechanism
of their uptake by the brain capillary endothelial cells and
ability to cross the epithelial cells of the BBB (5).

Poly-lactic-co-glycolic acid (PLGA) is one of the most ex-
tensive polymeric candidates applied to formulate nano-
scale delivery systems, because of its biodegradability, bio-
logical adaptability, the facility of approaching a sustained
drug release, and the possibility of precise modulation of
their surface properties (6).

Copyright © 2018, Jundishapur Journal of Natural Pharmaceutical Products. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://jjnpp.com
http://dx.doi.org/10.5812/jjnpp.12873
https://crossmark.crossref.org/dialog/?doi=10.5812/jjnpp.12873&domain=pdf


Salatin S et al.

The nanoprecipitation method proposed by Fessi et al.
(7) had a simple manner and has been extensively applied
by different research teams to supply polymeric NPs.

Nanoprecipitation or the solvent displacement
method is found on the sediment of a preformed polymer
from an organic solution and the extraction of the organic
solvent in the aqueous vehicle when a surfactant is present
or absent (8).

Poloxamers, especially poloxamer 407®, have recently
attracted great attention from various biomedical applica-
tions, such as NP stabilizers. In this work, rivastigmine hy-
drogen tartrate (RHT) was incorporated in the PLGA nano-
suspension, using the nanoprecipitation method, with the
aim of improving the loading efficiency.

2. Objectives

The aim of this article was to report on the prepara-
tion, characterization, and in vitro release evaluation of a
biodegradable nano-particulate system of RHT, prepared
through a nanoprecipitation technique employing PLGA.

3. Methods

Poly-lactic-co-glycolic acid (Resomer ® RG 503 H) and
Poloxamer 407 were purchased from Sigma-Aldrich (USA).
Rivastigmine hydrogen tartrate was obtained from Tofigh-
daru (Tehran, Iran). The dialysis bag (cut off 10000 to 12000
Da) was supplied by Biogen (Mashhad, Iran).

3.1. Nanoparticles Preparation

All formulations of the RHT and blank NPs were ob-
tained via the nanoprecipitation method, using different
polymer to drug ratios (9). To this end, 10 mg of RHT was
dissolved in 2 mL of water. Different amounts of PLGA
(50, 70, and 90 mg) were solved in 5 mL of acetone, sep-
arately. The RHT aqueous solution was poured dropwise
in the PLGA organic solution with stirring speed of 400
rpm (Heidolph-Germany). This aqueous solution (S/W) was
added to 10 mL of 2% (w/v) aqueous poloxamer 407 solu-
tion, as a suspension stabilizer. Finally, the mixture was
stirred to evaporate the organic solvent.

The NPs were centrifuged (Eppendorf, Germany) at
12000 rpm for 60 minutes at 4°C (Table 1), lyophilized and
stored.

3.2. Characterization of Rivastigmine Hydrogen Tartrate Nano-
Particles

3.2.1. Encapsulation Efficiency and Recovery

Briefly, 5 mg of each batch of RHT NPs was separately
dissolved in 10 mL of ethyl acetate. The RHT content in
the precipitate of centrifuged nano-suspension was deter-
mined spectrophotometrically (UV160 Shimadzu, Japan)
at 263.4 nm. The entrapment efficiency (EE), loading capac-
ity (LC), and recovery of NPs were calculated using the fol-
lowing equations:

EE (%) =
Actual drug content inNPs

Total drug used in formulation
× 100

LC (%) =
Entrapped drug

NPsweight
× 100

NP recovery (%)

=
Mass of NPs recovered× 100

Mass of all of excipients applied in the formulation

3.2.2. Particle Size and Zeta Potential

The prepared nano-suspensions were characterized for
the mean particle size, poly dispersity index (PDI), and zeta
potential, using DLS (Malvern, UK).

3.2.3. Morphological Studies

Samples were assembled on to metal stubs and were
covered with platinum/palladium alloy under vacuum, us-
ing a double-sided carbon adhesive tape. Then, a scanning
electron microscope, SEM (MIRA3 TESCAN, Czech Repub-
lic), utilized at 15 kV, was applied for the morphological ex-
amination.

3.2.4. Fourier Transform Infrared Spectroscopy Analysis

Samples were examined, using a computerized FTIR
(Bruker, Tensor 27, and USA) in the IR range of 400 to 4000
cm-1 at 1 cm-1 resolution.

3.2.5. Differential Scanning Calorimetry Analysis

Thermograms of samples were noted by a DSC (Shi-
madzu, Japan). Two milligrams of samples were placed
in aluminum pans and thermograms were recorded from
25°C to 300°C, at a heating rate of 10°C/minute.

3.2.6. X-Ray Diffraction Analysis

Samples were exposed to nickel-filtered CuKα radia-
tion (a voltage of 40 KV and a current of 20 mA) in a Bruker
Axs, D8 Advance diffractometer. Scanning was performed
at a rate of 2°C/minute over a 2θ range of 10°C to 90°C and
with an interval of 0.02°C.
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Table 1. RHT NPs Prepared by the Nano-Percipitation Method

Formulation
Code

Polymer: Drug
Ratio

Suspension of NPs in Aqueous Carrier (S/W)

Initial Aqueous Phase (S/W1) Organic Phase (O) Secondary Aqueous Phase (W2)

Water, mL RHT, mg PLGA, mg Acetone, mL q Poloxamer (2%w/v), mL

P1 5:1 2 10 50 5 10

P2 7:1 2 10 70 5 10

P3 9:1 2 10 90 5 10

Blank P3 - 2 - 90 5 10

Abbreviaitons: RHT, Rivastigmine hydrogen tartrate; PLGA, Poly (lactic-co-glycolic acid).

3.2.7. In Vitro Release Study

Dialysis bag diffusion method was applied to inves-
tigate the RHT release in vitro (10). Known amounts of
RHT NPs were placed in the dialysis bags, which were sub-
mersed in 200 mL of the dissolution medium (phosphate
buffer, pH 7.4) in USP dissolution apparatus, with a speed
of 100 rpm at 37± 1°C. At regular time intervals, aliquots of
3 mL were removed and displaced with a similar volume of
fresh release ambiance. Then, release of drug was detected
spectrophotometrically.

3.2.8. Release Kinetics

Different kinetic models, such as zero order, first order,
Higuchi, Hixson Crowell, and Korsmeyer-Peppas were used
to evaluate the release data obtained from the in vitro dis-
solution study.

3.2.9. Statistical Analysis

Where appropriate, release results were evaluated us-
ing One-way Analysis of Variance (ANOVA) at 0.05 level of
significance.

4. Results

4.1. Preparation of Rivastigmine Hydrogen Tartrate Nano-
Particles

Different RHT formulations were prepared based on
the nanoprecipitation method.

4.2. Characterization of NPs

4.2.1. Loading Capacity and Entrapment Efficiency

The loading capacity and entrapment efficiency of the
prepared NPs were found within the range of 8.39% to
10.62% and 27.71% to 45.70%, respectively (Table 2 and Fig-
ure 1). Therefore, the NPs with differing loading capacity,
NP recovery, and particle size could be made by alteration
of the amount of polymer.
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Figure 1. A) Effect of the amount of PLGA polymer on the encapsulation efficiency (l)
and the loading capacity (n), B) effect of amount of PLGA polymer on mean particle
size (l) and NP recovery (n).

4.2.2. Particle Size and Zeta Potential

The particle size of blank and RHT NPs, prepared using
different polymer to drug ratios, ranged between 154 and
75.14 - 173 nm, respectively (P > 0.05). The zeta potential val-
ues of blank and NPs were negative (-11.1 and -2.28 to -10.5 ζ ,
respectively) (P > 0.05). Therefore, increasing average par-
ticle size and zeta potential were observed with an incre-
ment in the PLGA concentration. The mean PDI values for
the blank and RHT formulations varied in the range of 0.13
and 0.095 - 0.557, respectively (P < 0.05) (Table 2).

4.2.3. Morphology

The results extracted from the SEM analysis indicated
that the particles were predominately spherical in shape
and uniform at the nanoscale scope (Figure 2).
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Table 2. Effect of Drug: Polymer Ratio on Drug Loading Efficiency, Production Yield, Particle Size, Zeta Potential, and PDI of RHT NPs

Formulation
Code

NP Recovery (%
± SD)

Theoretical
Drug Content

(%)

Mean Drug
Entrapped (%

± SD)

Drug Loading
Efficiency (% ±

SD)

Mean Particle
Size (nm)

Zeta Potential
(mV ± SD)

Polydispersity
Index ( ± SD)

P1 55 16.67 8.39 ± 2.1 27.71 ± 6.86 75.14 ± 4.28 -10.5 ± 3.02 0.095 ± 4.05

P2 47 12.5 9.26 ± 1.6 34.27 ± 1.325 169.6 ± 3.77 -7.76 ± 1.6 0.557 ± 2.49

P3 43 10 10.62 ± 3.48 45.70 ± 1.06 173 ± 5.025 -2.28 ± 2.07 0.441 ± 2.77

*blank NPs of P3 58 - - - 154.7 ± 7.305 -11.1 ± 3.80 0.130 ± 1.84

RHT untreated
powder

- - - - 2884.03 -1.50 -

Figure 2. SEM images of RHT, P3 blank, RHT NPs: P1 (PLGA:RHT) 5:1 ratio, P2 (PLGA:RHT) 7:1 ratio, and P3 (PLGA:RHT) 9:1 ratio at 1000× magnification.

4.3. Evaluation of Polymer-Drug Interaction

4.3.1. Fourier Transform Infrared Spectroscopy

The most obvious characteristic of RHT is ester groups
and tertiary amines in the structure of the drug and car-
boxyl groups and hydroxyl hydrogen tartrate can be noted.
Bands at 3319.88 cm-1 are attributed to C=O (Figure 3). The
characteristic absorption peaks of RHT, obtained at 3319.88

cm-1 and 2974.66 cm-1, are related to the stretching vibra-
tion bands of C-H. The FTIR spectrum of RHT was the same
as that informed by Benkic et al. (11) for polymorph I, with
the carbamate band at 1725 cm-1. Stretching bands of C=C
appeared at 1403.11 cm-1 on the aromatic ring of the drug.

In FTIR spectra of the PLGA polymer, there are also
stretching bands in view of C-H stretches at 2885 - 3010 cm-1,
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Figure 3. FTIR thermogram of RHT; poloxamer 407; PLGA; P1, P2, P3, blank P3, and physical mixture P3.

C=O stretching at 1759.85 cm-1, C-H bending at 1388.87 cm-1

and stretching vibration bands of C-O-C at range 1186 - 1089
cm-1.

The FTIR spectra of poloxamer 407 displayed the ma-
jor absorption bands at 2885.42 cm-1 (C-H stretch aliphatic),
1355.86 cm-1 (in-plane O-H bend), and 1112.89 cm-1 (C-O
stretch) (12). For NPs, stretching vibration C-H was seen at
2953.63 - 2954.36 cm-1, stretch of the carbonyl groups (C=C)
at 1752.91 - 1753.58 cm-1 (characteristic peak of carbamate),
and asymmetric and symmetric C-C (=O)-O vibrations at
1300 to 1150 cm-1. This peak of RHT band of carbamate at
range 1752 - 1754 cm-1) was found to merge with the strong
CO stretch of the polymer. These data prove that there were
chemical interplays in the solid state between the drug and
polymer.

Significant alteration was observed in the absorption
spectra of physical mixture, as the consist of drug into the
PLGA shift the site of functional groups. C-H stretching in
RHT appeared at 2974.66 cm-1, which disappeared in the

physical mixture and NPs, indicating existence of different
association of RHT with the PLGA polymer. This might be
because of the delusional effect of the polymer as that of
the drug concentration. In the FTIR spectra of the blank
NPs of P3, peaks were observed at all the main absorption
bands of PLGA (except O-H stretching at 3672.83 cm-1, in-
plane O-H bend at 1355.86 cm-1) and poloxamer.

4.3.2. Differential Scanning Calorimetry Analysis

The pure RHT demonstrated a sharp peak at 126.22°C,
which can be related to its melting point (Figure 4). Dif-
ferential Scanning Calorimetry curves were also in agree-
ment with the observed Tg of PLGA (between 40°C and
60°C). Poloxamer 407 showed an endothermic peak (Tm) at
52.76°C. The DSC study declares the status of encapsulated
drug either as distributed in a microcrystalline form, with-
out polymorphic change, or with a transitional change in
amorphous form (13). The RHT formulations showed an en-
dothermic peak of PLGA at the range of 52.5 to 57.5°C. In the
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thermogram of the blank, there was a small endothermic
peak at 55.06°C, which correlates with the phase transition
of poloxamer and PLGA.

4.3.3. P-XRD Analysis

The X-ray diffraction pattern revealed that the pure
drug is crystalline (Form I) in character and has character-
istic diffraction peaks at 2Θ values of 5.2, 14.8, 18.8, 20.6,
and 21.2° (Figure 5). Poloxamer 407 showed a crystalline
nature and manifested several distinct peaks at 13°, 18.5°,
23°, 26°, 35.5°, 39°, and 43°. No peak was observed for the
PLGA. Therefore, the results confirmed its amorphous state
(14). A change observed in intensity of the peak is shown
in Figure 6, which may be ascribed to the distribution of
the drug at the molecular level conducting to lower level
of finding. When the NPs are prepared, it is obvious that
the NPs with higher amount of polymer show the same
peaks as the blank NPs. Absence of drug peaks in the physi-
cal mixture may be due to the low concentration of RHT in
the physical mixture or melting or dissolving of RHT in the
polymer during the heating process.

4.4. In Vitro Release Study

The cumulative percentage of drug release from the
RHT NPs was occurred in a sustained manner over 24 hours
(Figure 6).

5. Discussion

Nano-precipitation is a versatile process based on
pouring of an organic solution containing the drug and
polymer into a dispersion phase that is miscible with the
diffusing solvent yet non-solvent to the polymer (15).

Fessi et al. (7) reported the preparation of NPs by inter-
facial agitation produced through the diffusion of water-
miscible solvent in the water. Having injected the organic
phase into the water, a fast interfacial spreading was ob-
served because of the mutual diffusion between the sol-
vents, which supplies energy for oil droplet formation.

Here, the encapsulation efficiency was enhanced from
27.71% to 45.70%, as the amount of the polymer increased
from 83.33% to 90%, which can be explained in three meth-
ods: Initially, the polymer precipitates quicker on the sur-
face of the dispersed phase at high concentration, and in-
hibits drug diffusion through the phase boundary. Later,
the viscosity of the solution is increased and diffusion of
the drug into the polymer droplets is delayed at high con-
centration. Third, the large size of NPs can result in high
concentration of polymer, leading to the loss of drug from

the surface during NP washing as compared to the small
NPs. Thus, size of NPs also affects the loading efficiency (16).

The small efficiency of drug incorporation can be as-
cribed to the water soluble properties of RHT.

Thereafter, entrapment of drug decreased from 45.70%
to 27.71% (as P3 to P1) with further increases in the theoret-
ical drug loading (from 10% to 16.67%). These results pro-
pose that there can be a relatively high amount of RHT that
might be entrapped in the PLGA NPs (Figure 3).

Crystal morphology of RHT (Figure 2) showed a plate-
like shape for form I. Besides, SEM studies showed that NPs
are spherical and discrete in shape. Clearly, high RHT load-
ings reversely resulted the precipitation of PLGA polymer
due to the production of spherical particles.

Zeta potential determinations showed low increases
(from -10.5 mV to -2.28 mV) with an increase in polymer
concentration (Table 2). These results are the opposite of
what was anticipated, which is reduction in surface nega-
tivity owing to the interaction of carboxyl groups and the
cationic drug on the particle surface. Blank NPs exhibited
a negative surface charge of -11.1 mV, which might be due to
the appearance of end carboxyl groups of the polymer at
the NP surface, as formerly shown for drug-free NPs. An in-
creased negative surface charge was also exhibited by Red-
head (17) for Rose Bengal incorporation into PLGA NPs.

Notably, an increase in the theoretical drug loading
from 10% to 16.67% w/w results in particle size reduction
from 173 nm to 75.14 nm (Table 2). The size of NPs was
found to increase with increasing concentration of poly-
mer due to the increase in the viscosity of the organic
phase, which renders solvent diffusion more difficult and
results in larger NPs size. Average particle size of blank NPs
was detected to be approximately the same to that of NPs
containing the drug (154 nm).

The results of Table 2 suggest that the size of NPs can
be tuned within a range of 75.14 - 173 nm with PDI (0.095 -
0.557). Particles produced with low PLGA concentration (10
mg/mL) were almost monodispersed (P1), showing a PDI of
less than 0.1. However, the PDI steadily increased to more
than 0.5 in a system with 18 mg/mL of PLGA. A decrease in
NPs recovery was observed for NPs produced with different
PLGA concentration (from P1 to P3). However, it may result
from the increase of particle size as well as from the visu-
ally observed aggregation of the already formed particles
as evidenced by the PDI value of 0.441 and 0.557 (for P2 and
P3, respectively). The current study found that the recovery
yield was also dependent on the PLGA concentration in the
solvent phase.

The RHT formulations showed complete absence of
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the drug endotherm and an endothermic peak of PLGA
was found at the range of 52.5 to 57.5°C. Besides, the peak
at 126.22°C shown by RHT disappeared in the RHT NPs,
indicating that RHT was encapsulated by the PLGA poly-
mer. The loss of drug endotherm might be because of the
perfect homogeneous matrix organization of the polymer
with the drug or to the delusional effect of the polymer
(Figure 4).

There may also be the possibility of overlapping of
drug peaks by the background diffraction pattern of the
amorphous structure (18). Thus, it can be concluded that
the drug is present inside the NPs in the semi-crystalline to
microcrystalline form. This finding was also in agreement
with the rivastigmine tartrate (RT) loaded PLGA polymer
nano-suspension, prepared by Joshi et al. (19).

By increasing the PLGA weight fraction from P1 to P3,
the potency of typical drug peaks was decreased because
of the delusional effect used by the polymer network. This
supports the results obtained from FTIR and DSC.

The release behavior of RHT, illustrated in Figure 6, in-
dicates a biphasic pattern (with an initial burst release fol-
lowed by sustained release). Nano-particles released 9.58
- 21.95% of RHT (for P3 to P1) within 0.5 hours, which had
a relationship with the onset of action (Table 3). After-
wards, the NPs exhibited considerable sustained release
outcome by lengthening the release of drug at 69.98 - 89%
for 24 hours. Using of the polymer PLGA significantly in-
fluences drug sustained release (69.98± 4.94%) over an ex-
tended time, yet the initial drug release of more than 21.95%
within 0.5 hours may be ascribed to the portion of unen-
capsulated drug inward the polymer (Table 3). At first, the
pure drug showed a risen release of RHT in comparison to
the NPs, and after 0.5 hours it reached 101.20% (P < 0.05).
The cumulative release was steady for the pure drug as ob-
served, and did not increment with enhanced time, which
improves the value of sustained release characteristic of
the NPs. Enhanced drug release (89% ± 1.51) is associated
with increased solubility, which may be due to the fact that
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lower particle size (75.14 nm) of the NPs (P1) effected an
increment in the efficient surface area, which in turn in-
creased the solubility (Tables 2 and 3). It is believed that the
particle size is inversely proportional to the rate of dissolu-
tion and hence a higher rate of dissolution (P1 > P2 > P3)
was observed with the NPs.

Furthermore, RHT NPs (P1) with lower PLGA showed
higher dissolution efficiency and low Mid Dissolution
Time (MDT) of 79.44% and 154.79 minutes, respectively (Ta-
ble 3).

The drug was very gradually released at a later stage,
the rate at which was measured by the diffusion (n < 0.5) of
the drug in the inflexible structure of the matrix. The drug
release following the Peppas kinetics and n values exhib-
ited that it was a non-Fickian diffusion mechanism when
the drug release occurred. Peppas kinetic model (Table 3)
showed the highest correlation; as it is evident from the
values of regression coefficients (R2) for P1, P2, and P3 NPs
as 0.915, 0.964, and 0.974, respectively.

Multiple mechanisms, such as swelling, erosion, poly-
mer relaxation, etc. might play a role in the drug release.
This could be because rapid dissolution of poloxamer 407
from the surface of NPs created pores or channels and fur-
ther drug release might have occurred through these pores
or channels rather than by erosion. At the final dissolution,
the rate of drug release was reduced with time due to the
increment in the diffusion path length of the drug.
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Table 3. Comparison of Various Release Characteristics of RHT from Different NP Formulations and RHT Untreated and Fitting Parameters of the Release Data to Various Kinetic
Models

Formulation Rel0.5 , % Rel24 , % DE T50% , min f1 ORDER RSQ n

P1 21.95 ± 1.64 89.00 ± 1.51 79.44 154.79 42.29 Peppas 0.915 0.572

P2 15.59 ± 1.34 83.89 ± 8.88 72.76 191.19 49.01 Peppas 0.964 0.680

P3 9.58 ± 0.31 69.98 ± 4.94 60.31 199.15 58.39 Peppa 0.974 0.787

RHT untreated 101.20 ± 7.05 102.71 ± 7.15 101.61 15.44 0 -

Abbreviations: Rel0.25 , amount of drug release after 0.5 hours; Rel, amount of drug release after 24 hours; DE, dissolution efficiency; T50% , dissolution time for 50%
fractions; f1 , Differential factor (0 < f1 < 15).
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