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Improving permeability and absorption of drugs are critical research challenges in pharma-
ceutical science. Gentamicin sulfate is an aminoglycoside antibiotic, which is very active against
gram-negative bacteria; however, it has very poor bioavailability. This study aimed to prepare
gentamicin nanoparticles with the intention of increased bioavailability. Accordingly, Eudragit
RS-100 nanoparticles loaded with gentamicin sulfate were prepared by the double emulsi¯cation
and solvent evaporation method, a proper technique for encapsulating hydrophilic molecules.
Nanoparticles' suspensions with polymer to drug ratios of 1:1 (FaÞ and 2:1 (Fb) were prepared,
lyophilized and evaluated for their production yield, physicochemical properties and morphol-
ogy. The mean particle size was 195.67 nm and 228 nm for Fa and Fb, respectively. The for-
mulations' loading e±ciencies were relatively high (85.73 for Fa and 85.20 for Fb). The
nanoparticles' surface charge (+40.5mV) was su±cient to inhibit their aggregation and facili-
tate the nanoparticles' absorption through the gastrointestinal tract. The results of di®erential
scanning calorimetry (DSC) and Fourier transform infrared spectroscopy (FT-IR) revealed that
drug and polymer stabilized each other by physical interactions between their functional
groups. Both formulations presented an initial burst drug release of nearly 20% after 30min in
phosphate bu®er (pH=7.4). After 24 h, Fb did not release the drug completely, while Fa re-
leased the whole drug. Overall, nanoparticles with proper characteristics were obtained. This
study puts forward the necessity of conducting further research in order to explore the intestinal
absorption of these nanoparticles and the possibility of being utilized for oral administration of
gentamicin sulfate.
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1. Introduction

Gentamicin is a member of aminoglycoside anti-
biotics with a small molecule and molecular weight
of 477.603 g/mol. By binding to the ribosome, gen-
tamicin inhibits protein synthesis in bacteria. The
drug penetrates the cell membrane of oxygen-
dependent bacteria and therefore has little e®ect on
absolute anaerobes.1 Gentamicin is used to treat
many bacterial infections, like bone infection, en-
docarditis, pelvic in°ammatory disease (PID),
meningitis, pneumonia, urinary tract infection
(UTI) and sepsis.2 Owing to high water solubility
and low permeability, gentamicin is categorized in
class ( ) of the biopharmaceutical classi¯cation
system (BCS).3 Due to the negligible oral bioavail-
ability of gentamicin sulfate, it is supplied as topical
and parenteral dosage forms.

Nanoparticles are de¯ned as colloidal solid par-
ticles with a size of less than 100 nm.4 Nanoparticles
contain a wide range of materials, including poly-
mers, metal oxides, nanotubes, liposomes and
micelles. The three main factors that di®erentiate
the nanoparticles of a material from its usual form
are the increase in the surface-to-volume ratio of
nanoparticles, the dimensions of the nanoparticles
and the quantum e®ect. Due to these unique prop-
erties, the use of nanoparticles in a wide range of
industries and even food and pharmaceutical pro-
ducts is increasing today. A remarkable advantage
of nanoparticles is that they provide acceptable
loading e±ciency without disrupting drug activity
by chemical interactions.5 Some researchers suggest
that nanoparticles may increase the bioavailability
of peptide and protein drugs by the following
mechanisms: Reducing enzymatic degradation in
the gastrointestinal tract, enhancing particle inter-
actions with the site of absorption and direct entry
into the bloodstream through the intestinal muco-
sa.6 Nanoencapsulation methods for hydrophilic
molecules like peptides and proteins have some
restrictions, such as the type of solvent, tempera-
ture and pressure used. Double emulsi¯cation and
solvent evaporation is a suitable technique for en-
capsulation of hydrophilic molecules and signi¯cant
encapsulation e±ciencies are achievable for such
molecules.7

Eudragit polymers are widely used to prepare
conventional and novel oral dosage forms and can
improve the oral bioavailability of poorly absorbed
drugs.8,9 Eudragit RS-100 is an ester of acrylic and
methacrylic acid with the structure of poly(ethyl

acrylate, methyl-methacrylate and negative-
ammonioethyl methacrylate).10 This nonbiode-
gradable, low permeable and time-dependent poly-
mer is regularly used in oral dosage forms and can
improve their bioavailability.11 The positively
charged moieties of quaternary ammonium groups
(4.5–6.8%) in the Eudragit RS-100 structure facili-
tate its interaction with tissues, as cell membranes
possess a negative charge. This can utilize the gas-
trointestinal absorption of drugs.12 Loveymi et al.
improved vancomycin hydrochloride bioavailability
by preparing Eudragit RS-100 nanoparticles using
the double emulsi¯cation and solvent evaporation
method.13 Momoh et al. improved the oral bio-
availability of diclofenac sodium and reduced its
gastrointestinal side e®ects by making RS-100 and
RL-100 Eudragit microspheres.14

Double emulsion (W/O/W) is used to control the
gradual release of hydrophilic drugs due to the
presence of an oily layer that acts as a liquid
membrane. In some cases, double emulsion can also
be used as an internal reservoir to entrap the drug
substance from the continuously diluted outer
phase to the inner space. Gentamicin seems to be
compatible with this method due to its numerous
amino and hydroxyl groups and high hydrophilic
properties.15

Double emulsions have been shown to have high
interfacial and wide interfacial regions that provide
thermodynamic stability. In these emulsions,
changes in the viscosity of the immiscible phase or
the thickness of this layer can be involved in the
transfer of materials. One of the advantages of this
method is its ease of production. To solve the basic
problems of production, stirring of the immiscible
phase must be minimized. Stirring a®ects the dis-
persion of droplets in the environment. One of the
disadvantages of these emulsions is their instability
or poor stability.16

One of the limitations of gentamicin is the short
half-life of this drug (about 2 h), which can be
overcome by nanoparticles.17

So far, gentamicin sulfate nanoparticles have
been studied in various aspects. Pan et al. prepared
calcium carbonate nanoparticles loaded with
gentamicin sulfate and enhanced gentamicin
antibacterial activity.18 Mazur et al. reported
that gentamicin–silver nanoparticles signi¯cantly
increased gentamicin e±cacy and exhibited
bactericidal activity against multidrug-resistant
bio¯lm-forming Staphylococcus epidermidis.19

Posadowska et al. encapsulated gentamicin sulfate

L. Nejati, N. S. Maram & A. Z. Ahmady

2150049-2

December 25, 2021 12:11:41pm WSPC/175-IJN 2150049
2nd Reading



in poly(lactide-co-glycolide) (PLGA) nanoparticles
for topical drug therapy in osteomyelitis.20

Due to simple administration and patient com-
fort, the oral route is the preferred way of drug de-
livery.21 Some studies aimed to improve gentamicin
sulfate oral bioavailability. For instance, Akhtar et
al. prepared gentamicin-PLGA nanoparticles, which
were surfaced modi¯ed with chitosan. The prepara-
tion method was double emulsion and the authors
reported that their nanoparticles had the potential
for oral absorption of gentamicin sulfate.22 Despite
the wide application of Eudragit polymers in oral
dosage forms and their potential for enhancing poor
oral bioavailability of drugs, the use of Eudragit
nanoparticles for improving gentamicin sulfate oral
bioavailability have not been studied in the litera-
ture. Therefore, the main objective of this study was
to prepare gentamicin sulfate biocompatible nano-
particles using Eudragit RS-100. Considering the
hydrophilicity of gentamicin sulfate, double emulsi-
¯cation and solvent evaporation was selected as the
preparation method. Nanoparticles' physicochemi-
cal properties were characterized to evaluate the
capability of this approach for providing desirable
nanoparticles with the potential of being further in-
vestigated in terms of their oral bioavailability.
Based on the low removal of nanoparticles and their
high absorption by cells, can gentamicin be con-
verted to nanoparticles to improve its absorption? In
addition, are these nanoparticles suitable in terms of
physicochemical properties? This study is a pilot
study to increase the stability and bioavailability of
gentamicin for e®ective oral administration.

2. Materials

Gentamicin sulfate was a gift from Exir pharma-
ceuticals, Iran. Eudragit RS-100 was provided by
Evonic Co., Germany. Polyvinyl alcohol (PVA)
(130KD), dichloromethane, glacial hydrochloric
acid, monobasic potassium phosphate and potassi-
um chloride were received from Samchun Co.,
South Korea. Sodium hydroxide (Merck, Germany)
and the dialysis bag with the cut-o® of 12KD
(Sigma-Aldrich Co, Germany) were purchased from
the indicated sources.

3. Methods

3.1. Preparation of nanoparticles

Nanoparticles were prepared using double emulsi¯-
cation and solvent evaporation technique. 50mg of

gentamicin sulfate was dissolved in 5ml of water to
make the internal aqueous phase. 50mg of Eudragit
RS-100 for Fa (1:1) and 100mg for Fb (1:2) was
dissolved in 15ml of dichloromethane to make the
internal organic phase. The aqueous solution was
dropped into the organic phase within 20 s intervals
under homogenizer (Heidolph, SilentCrusher M,
Germany) at 22000 rpm and homogenized for an
extra 3min after the last drop. While homogenizing
at 22000 rpm, this primary water in oil (W1/O)
emulsion was added by a syringe, gently to 25ml of
PVA 0.2% as a stabilizer in an ice bath. Homoge-
nization was continued for 3min after complete
addition. To evaporate the organic solvent, the
prepared W1/O/W2 double emulsion was stirred at
1000 rpm on a magnetic-heater-stirrer (CAT, M6.2,
Germany) for 3 h at room temperature. Finally, the
nanoparticles' suspension was centrifuged (VigioN,
3000, South Korea) for 20 min with a rate of
20000 rpm at 25"C. The supernatant was used for
loading e±ciency studies. The sediment was washed
with distilled water and lyophilized by a freeze-drier
device (CHRIST, Alpha 1-2 LDplus, Germany) for
subsequent assessments. Independent T -test with
P -value (# 0.05) was used to de¯ne the signi¯cant
di®erence between the formulations.

3.2. Characterization of nanoparticles

3.2.1. Production yield

Following freeze-drying of the nanoparticles, the
formulations' production yield was calculated by
Eq. (1). The test was repeated three times for each
formulation,

Production yield

¼ weight of freeze dried nanoparticles ðmgÞ
weight of drug þ weight of polymerðmgÞ
' 100: ð1Þ

3.2.2. Loading e±ciency

10ml of the supernatant, containing unloaded drug
was inserted into the 12 kD dialysis bag (Sigma,
United States). The dialysis bag was put in 20ml of
PVA solution (0.2%) for 1 h on a magnetic-stirrer
(CAT, M6.2, Germany) at 50 rpm. After the equil-
ibration of solutions, PVA was let at room tem-
perature for ¯ve days, until its volume reduced to
5ml and the ultraviolet (UV) absorption of unloa-
ded drug solution became detectable by a
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UV/visible spectrophotometer (Cecil England,
CE2501, England). The measurement was run at
gentamicin sulfate maximum wavelength (!max ¼
247 nm). The entrapment e±ciency (EE%) was
calculated using the following equation:

EE% ¼

weight of drug in the formulation ðmgÞ
( weight of drug supernatant ðmgÞ

weight of drug in the formulation ðmgÞ
' 100: ð2Þ

3.2.3. Particle size analysis

To examine the formulations' particle size, 0.5ml of
the nanoparticles' suspension was exposed to a laser
particle size analyzer (qudix, Scatteroscape I, South
Korea). The mean particle size and standard devi-
ation were calculated for three samples of each
formulation and the polydispersity index (PDI) was
obtained via the following equation:

P:D:I ¼ SD2

mean2
: ð3Þ

To evaluate the size distribution pattern, the under-
size cumulative percentage of the particles' number
versus particle size was assessed as log-probability
and arithmetic-probability plots in Excel 2013. The
model with a greater correlation coe±cient (R2)
was determined as the distribution model.

3.2.4. Fourier transform infrared spectroscopy

To reveal probable interactions between the drug
and polymer, infrared spectroscopy of the formula-
tions and pure drug was carried out by an
IR spectroscope equipment (vortex 70, Bruker,
Germany) using a potassium bromide (KBr) disk
over a range of 4000–500 cm( 1.

3.2.5. Di®erential scanning calorimetry

To evaluate the samples' physical properties and
investigate possible interactions between compo-
nents of the formulations, di®erential scanning cal-
orimetry (DSC) studies were accomplished.
Accordingly, 5mg of the formulations and pure
drug were analyzed by a DSC equipment (Mettler
Toledo, Switzerland) at the rate of 10"C/min and
temperature range between 25–350"C.

3.2.6. Zeta potential analysis

To determine the surface charge of the nano-
particles, a Zetasizer (Malvern, ZEN3600, United

Kingdom) device was occupied. Nanoparticles of Fa

were considered as the sample formulation and
were suspended in distilled water (pH=7.0) at
25"C before measurement.

3.2.7. Scanning electron microscopy

As the sample formulation, Fb suspension was
dripped on an aluminum sheet and dried at room
temperature. After coating with gold, imaging
was carried by a scanning electron microscope
(TESCAN, MIRA3TESCAN-XMU, Czech Repub-
lic) to evaluate the nanoparticles' morphologic
characteristics.

3.2.8. Dissolution study in phosphate bu®er

The in vitro release pro¯le of gentamicin sulfate
from the polymeric nanoparticles was studied via
dialysis bag di®usion technique under sink condi-
tion for both formulations. The dialysis bag
retained the nanoparticles and allowed immediate
drug di®usion into the recipient compartment.

80mg of each formulation was added to the di-
alysis bag (12 kD), containing 10ml of phosphate
bu®er (pH=7.4) to stimulate the intestinal medi-
um. The dialysis bag was put into 20ml of phos-
phate bu®er (pH=7.4) placed in a preheated water
bath at 37 ) 1"C on a magnetic-heater-stirrer at
the rate of 50 rpm. After 0.5, 1, 2, 4, 6, 8, 24 h,
the dialysis bag was removed from the Becher and
put in 20ml of fresh bu®er. The sample volumes
were reduced to 5ml employing a rotary device
(Heidolph, 4EF63CX-4, Germany) at 40"C, so that
their UV absorption could be measured by the
spectrophotometer. The solutions' UV absorption
was measured at 247 nm. The test was repeated
three times for each formulation.

3.2.9. Dissolution study in hydrochloric acid

To study the release pro¯le of gentamicin sulfate in
gastric acid, 50mg of each formulation and 10ml of
HCl (pH=1.2), which stimulated the gastric acid,
were added to the dialysis bag. The dialysis bag was
put into 20ml of HCl (pH=1.2) stirring at 50 rpm
in a preheated water bath at 37 ) 1"C on a mag-
netic-heater-stirrer. The dialysis bag was taken out
from the beaker after 1 and 2 h and put in 20ml of
fresh bu®er. To make their UV spectrophotometry
possible, the samples' volume was reduced to 5ml
by rotary (at 40"C). The solutions' UV absorption

L. Nejati, N. S. Maram & A. Z. Ahmady

2150049-4

December 25, 2021 12:11:42pm WSPC/175-IJN 2150049
2nd Reading



was measured at 247 nm. The test was repeated
three times for each formulation.

3.2.10. Dissolution kinetic

The in vitro release pro¯les were ¯tted to various
kinetic models (Higuchi, ¯rst-order, zero-order,
Peppas, Hixson Crowell, square root of mass, three-
second root of mass, Weibull, linear probability and
log-probability) in order to realize the drug release
mechanism.23 The slope of the respective plots was
used to ¯nd out the velocity constants. The
obtained data were also put into the Korsmeyer–
Peppas model to determine the n value, which
indicates the drug release mechanism.

3.2.11. Drug susceptibility to acidic medium

To assess the stability of gentamicin sulfate in acidic
media similar to stomach pH, the drug concentra-
tion of 11.13mg/ml was made in HCl (pH=1.2). At
the time of preparation and after 1 h, UV absorp-
tion of the prepared solution was analyzed by the
spectrophotometer at 247 nm. The concentration of
gentamicin sulfate was calculated using the cali-
bration curve equation.

4. Results and Discussion

4.1. Production yield

The production yield of the formulations is indi-
cated in Table 1. Fb production yield (90.20%) was
signi¯cantly more than Fa (66.71%), with the
P -value of 0.007.

The total amount of drug and polymer in Fb was
more than that of Fa. This can be due to the higher
viscosity of Fb compared to Fa, which when the
amount of polymer increases during the production
of particles, the viscosity of the solution increases,
and this causes the drug to be more surrounded by
the polymer and thus the amount of the production

yield increases. Subsequently, the ratio of waste
substances to production material was smaller in Fb.
Consequently, the presented ratio in Eq. (1) and the
production yield of Fb were higher than Fa. On the
other hand, with increasing viscosity, the di®usion
rate of methylene chloride solvent decreases and
this increases the formation time of nanoparticles
and increases the production yield.

4.2. Loading e±ciency

The loading e±ciency was calculated to be 85.73%
and 85.20% for Fa and Fb, respectively. Both for-
mulations possessed acceptable loading e±ciencies
without signi¯cant di®erence. Eudragit RS-100
contains a small percentage of quaternary ammo-
nium groups in its structure, which makes the
polymer surface thick. This restricts the leakage of
the entrapped drug into the surrounding medium,
during the entrapment process and the mentioned
issue causes the amount of loading e±ciency to
increase.24

4.3. Particle size

The mean particle size and PDI of both formula-
tions are demonstrated in Table 1. Both formula-
tions were of a submicron size, and the di®erence
between their particle sizes was not signi¯cant
(P -value=0.51). Barzegar–Jalal reported the same
result regarding the sizes of nanoparticles contain-
ing 1:1 and 3:1 ratios of Eudragit RS-100: drug.25

By increasing the amount of polymer in Fb, the
polymer ¯lm forms quickly around the drug, pre-
venting the drug from entering the methylene
chloride solvent, which results in particle size in-
crease. On the other hand, increasing the amount of
polymer enhances the solution viscosity, which
reduces the dispersion of the dispersed phase into
smaller particles and increases the particle size.
Furthermore, the greater amount of polymer
declines the migration of emulsion droplets from the
organic phase. This increases the probability of
colloid formation leading to particle size growth.

The PDI for both formulations was less than 0.2,
which is considered to be acceptable for polymer-
based nanoparticles.26 A signi¯cant di®erence be-
tween the formulations' PDIs was not observed
(P -value > 0:80). Uniform size distribution of the
nanoparticles is helpful, since it leads to predictable
pharmacokinetics.

Table 1. The mean production yield, loading e±ciency, mean
particle size and PDI of Fa and Fb.

Formulation

Production
yield

(%) ) SDc

Particle
size

(nm) ) SD PDId ) SD

Fa
a 66:71 ) 4:87 195:67 ) 67:50 0:135 ) 0:068

Fb
b 90:20 ) 5:57 228 ) 37:75 0:141 ) 0:071

Notes: aPolymer to drug ratio of 1:1, bpolymer to drug ratio of
2:1, cstandard deviation and dpolydispersity index.
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4.4. Zeta potential

Zeta potential was measured +40.5mV for Fa, as
the sample formulation (Fig. 1). It belongs to the
positive surface charge of Eudragit RS-100 and the
negative charge of gentamicin sulfate; encapsulation
of the drug into the polymer was con¯rmed and as
demonstrated by SEM imaging, an even polymeric
coat was constructed.27 The zeta potential of Fb is
greater than the formulation Fa, and this is due to
the higher amount of positively charged polymer.

The surface charge of the nanoparticles in°u-
ences their distribution and absorption into the
cells. Owing to the negative charge of cell mem-
branes, there is the most electrostatic desire for the
positively charged particles. Additionally, sus-
pended particles may be absorbed faster than the
coagulated ones.28 The measured zeta potential was
su±cient for providing good stability and inhibiting
the aggregation of the nanoparticles.29 Moreover,
the structural moieties with positive charge facili-
tate Eudragit RS-100 interaction with tissues. This
can utilize the gastrointestinal absorption of drugs
with low oral bioavailability.30–32 According to the

charge of living cells, the probability of absorption
of Fb is greater than that of Fa.

4.5. Scanning electron microscopy

The signals used by SEM result from the interaction
of the electron beam with the atoms at di®erent
depths inside the sample, which provide the image.
SEM images (Fig. 2) demonstrated that the nano-
particles had a spherical and relatively uniform
surface, which makes it possible to predict their
pharmacokinetic parameters, including absorption,
distribution, metabolism and excretion in the body.

4.6. Fourier transform infrared
spectroscopy

The Fourier transform infrared spectroscopy (FT-
IR) spectra are shown in Figs. 3–6. The peaks at
3617 cm( 1 and 3742 cm( 1 were observed in the
nanoparticles' IR spectra, which probably were re-
lated to the shifting of gentamicin hydroxyl and
amine stretching peaks at 3431 cm( 1 and

Fig. 1. Zeta potential of Fa (polymer: drug = 1:1) as the sample formulation.

Fig. 2. SEM images of Fb (polymer: drug = 2:1).
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3038 cm( 1. It could be due to inhibition of genta-
micin sulfate intramolecular hydrogen bindings,
which led to enforcement of –NH and –OH bonds.
Moreover, the stretching peak at 1733 cm( 1 belon-
ged to the Eudragit RS-100 carbonyl group, shifted
to a higher wavelength because of increased polarity
and strengthening of the carbon–oxygen bond.
Most likely, the hydroxyl groups of gentamicin
sulfate attracted the steric oxygen electrons of
Eudragit RS-100 through hydrogen bindings.
According to the analysis of drug, polymer and
nanoparticles' IR spectra, physical interactions be-
tween the drug and polymer were demonstrated,
which reduced the intensity of the mentioned peaks
in the gentamicin sulfate spectrum. Adibkia et al.

also reported the hydrogen bindings between
naproxen and Eudragit RS-100 functional groups in
their prepared nanoparticles.30 In the FTIR spec-
trum of the nanoparticles, the peaks of the func-
tional groups in the drug are visible, indicating that
no chemical reaction has taken place between the
drug and the polymer and that the drug has been
physically loaded.

4.7. Di®erential scanning calorimetry

The results of the DSC analysis are shown in
Figs. 7–10. As indicated, a large and sharp peak was
observed between 150–160"C in the thermograms
of gentamicin sulfate and both formulations,

Fig. 3. FT-IR spectrum of gentamicin sulfate powder.

Fig. 4. FT-IR spectrum of Eudragit RS-100.33
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demonstrating the presence of drug in the nano-
particles without any chemical changes. The pres-
ence of polymer in the formulations made this peak
wider in comparison with the pure drug. Accord-
ingly, the higher ratio of Eudragit in Fb led to a

wider peak than Fa and this is due to the high
polymer content, which has many amorphous
properties. In addition, fewer amount of gentamicin
in Fb compared to Fa in a 5mg sample caused the
peak height to be shorter in Fb. In regard to

Fig. 6. FT-IR spectrum of Fb (polymer: drug = 2:1).

Fig. 5. FT-IR spectrum of Fa (polymer: drug = 1:1).

Fig. 7. DSC thermogram of Eudragit RS-100.33
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nanoparticles, the mentioned peak was shorter than
pure drug, as well. Most probably, the decline of
intensity of the later peak in gentamicin thermo-
gram was related to solubilization of the drug in the
polymeric matrix or the heating induced solid-state
interactions.30 Almost all °uctuations of gentamicin
sulfate thermogram were also observed in the for-
mulations, which con¯rmed the existence of the
undamaged drug in the nanoparticles.

Based on DSC, physical interactions between
gentamicin sulfate and Eudragit RS-100 stabilized
the drug in nanoparticles' structure. The physical

nature of the interactions was concluded from FT-
IR spectra of the nanoparticles. On the other hand,
changing the polymer to drug ratio demonstrated
that these interactions considerably enhanced
Eudragit RS-100 thermal stability. The percentage
of drug thermal decomposition was reduced in Fb.
This indicated gentamicin thermal stability in the
presence of Eudragit RS-100 and therefore the sta-
bility of the prepared nanoparticles. On the nano-
particles of DSC thermograms, peaks related to
gentamicin are visible, indicating no chemical re-
action between the drug and polymer.

Fig. 8. DSC thermogram of gentamicin sulfate powder.

Fig. 9. DSC thermogram of Fa (polymer: drug = 1:1).
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4.8. Dissolution pro¯le in phosphate
bu®er

Both formulations had an initial burst release of
about 20% of the drug after 30 min (Fig. 11). Burst
release commonly occurs in the release pro¯le of
almost all microspheres made by solvent evapora-
tion technique.34 It is supposed to be due to the
erosion of the surface of the particles and releasing
of the drug situated near the surface and adsorbed
by electrostatic forces.35

Erosion of the nanoparticles' wall, dissolution
and di®usion of the drug into the dissolution me-
dium seems to be the primary mechanism for sus-
tained drug release from the nanoparticles following
the initial burst release.30 Burst releasing of the
drug can improve its penetration, while sustained
releasing delivers the drug to the absorption site
during a long time.36

At the end of the test, about 50% of gentamicin
sulfate was released from Fb. Mady also reported the
incomplete ibuprofen release from Eudragit RS-100
microspheres.34 Results of various studies have
shown that the incomplete drug release is regular
with solvent evaporation technique. In correspon-
dence to the literature, this could be either the re-
sult of drug–polymer interactions or the retarding
property of the polymer. It was also proposed to be
related to the penetration of the sink medium into
the microspheres or great drug solubility in the
polymer matrix.37 Similar to gentamicin sulfate,
Eudragit RS-100 has hydrophilic molecules38 and
this may facilitate gentamicin sulfate solubility in
the polymer matrix, which could be con¯rmed by
drug–polymer interactions explained in DSC and
FT-IR analysis.

Despite Fb, the whole drug was released from Fa

after 24 h. The amount of the polymeric –NH3

Fig. 10. DSC thermogram of Fb (polymer: drug = 2:1).

Fig. 11. Release pro¯les of Fa (polymer: drug = 1:1) and Fb (polymer: drug = 2:1) in phosphate bu®er at pH=7.4.
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groups that physically interact with the drug –OH
groups is more signi¯cant in Fb compared to Fa.
These hydrogen bonding interactions, as explained
by DSC and FT-IR analysis, could probably lessen
the swelling of Eudragit RS-100 following the ab-
sorption of the dissolution medium. This reduces
the drug di®usion from the gel layer formed after
water absorption.39 The relation between swelling
properties of the excipients and drug release pro¯le
was discussed in various studies.40 The higher
amount of polymer in Fb makes the nanoparticle
wall more coherent compared to Fa, making it

di±cult for the dissolution liquid to penetrate the
particles and dissolve the drug.41

4.9. Dissolution pro¯le in hydrochloric
acid

Both formulations released about 30% of gentami-
cin sulfate within the ¯rst hour in HCl (Fig. 12). At
the end of 2 h, about 50% and 60% of the drug was
released from Fb and Fa, respectively. The di®erence
between drug release percentage from Fa and Fb

in HCl was not signi¯cant (P -value = 0.075). More

Fig. 12. The release pro¯les of Fa (polymer: drug = 1:1) and Fb (polymer: drug = 2:1) in HCl at pH=1.2.

Table 2. Fitting parameters of the in vitro release data to various release kinetic models for nanoparticles.

Formulation Order RSQa Slope Intercept MPEb% Kc

Fa
d Zero order 0.685 0.041 0.2634 2927286.447 0.041

First order 0.7250 ( 0:2396 ( 0:2803 2718084.14 ( 0:2396
Second order 0.8222 6.5271 ( 5:1812 13772827.77 6.5271

Higuchi 0.8547 0.2327 0.0387 511433.1706 0.2327
Peppas (Power Low) 0.9174 1.4031 ( 2:7798 92.5762 4.0677

Hixson–Crowell 0.7149 0.0377 0.0986 2973661.989 0.0377
Square root of mass 0.7108 0.0416 0.1450 2989439.781 0.0416

Three-seconds root of mass 0.7050 0.0425 0.1878 2979131.498 0.0425
Weibull 0.9558 1.5487 ( 2:2075 47.9883 0.2404

Linear probability 0.5287 0.2128 ( 1:3274 1024652.909 0.2128
Logarithmic probability 0.8858 0.7037 ( 0:2815 44.1904 0.7037

Fb
e Zero order 0.5944 0.0164 0.2046 2558280.614 0.0164

First order 0.6804 ( 0:025 ( 0:2362 2630084.642 ( 0:0249
Second order 0.7557 0.0394 0.2727 2679016.279 0.0394

Higuchi 0.8537 0.1022 0.1018 1313133.413 0.1022
Peppas (Power Low) 0.8976 1.3671 ( 2:9849 163.0286 3.9238

Hixson–Crowell 0.6527 0.0072 0.0750 2608321.791 0.0072
Square root of mass 0.6384 0.0101 0.1099 2596580.816 0.0101

Three-seconds root of mass 0.6239 0.0125 0.1431 2584307.853 0.0125
Weibull 0.9072 1.3989 ( 2:8098 82.3547 0.1342

Linear probability 0.202 0.0887 ( 1:4777 872031.2755 0.0887
Logarithmic probability 0.9583 0.4907 ( 1:067 58.8009 0.4907

Notes: aRegression square, bminimum possible error, cconstant dissolution rate, dpolymer to drug ratio of 1:1
and epolymer to drug ratio of 2:1.
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minor drug release from Fb compared to Fa at the
end of two hours is due to more excellent protection
of the drug by the polymer.

–OH groups, which can make hydrogen bindings
with hydrochloric acid, causes gentamicin sulfate to
be more soluble in HCl rather than phosphate
bu®er. This could result in more rapid drug disso-
lution and its faster release in acidic medium com-
pared to phosphate bu®er. According to the results
of the drug sensitivity test to the acidic medium, it
was shown that although gentamicin is released
faster in HCl, it is resistant to this medium and is
not destroyed during passing the stomach.

4.10. Dissolution kinetic

According to Table 2, a high correlation was ob-
served for Weibull (R2 ¼ 0:9558) and logarithmic
probability (R2 ¼ 0:9583) models for Fa and Fb,
respectively. According to Fick's law, the initial fast
drug release is controlled by the erosion of the
nanoparticles' wall and drug di®usion rate. After
the establishment of the sink and stable condition,
the constant di®usion rate was observed. Because,
after saturation of the dissolution medium, drug
concentration has a minor e®ect on the release rate.
The n value for nanoparticles was 1.4031 in Fa and
1.3671 in Fb, indicating that the mechanism of drug
release was mainly controlled by polymer erosion
and, to a lesser extent, di®usion.

4.11. Drug susceptibility to acidic
medium

The drug UV absorption at the preparation time
and after 1 h was measured as 1.970 and 1.902, re-
spectively. In regard to the calibration curve equa-
tion, the drug concentration after 1 h was 10.75mg/
ml. Thus, the amount of drug damaged in HCl after
1 h was negligible. Therefore, it could be concluded
that gentamicin sulfate keeps its structure in the
stomach pH before reaching the duodenum.

5. Conclusions

This study investigated the application of Eudragit
RS-100 for preparing biocompatible nanoparticles
of gentamicin sulfate by double emulsi¯cation and
solvent evaporation technique to decrease the drug
elimination by phagocytic cells, improve its ab-
sorption and increase its oral bioavailability.

Because it has been proven that nanoparticles ab-
sorb better than ordinary particles and their elimi-
nation by body cells occurs less often, the ¯ndings
demonstrated that this simple and low-cost
approach could provide gentamicin sulfate nano-
particles with relatively appropriate physicochemi-
cal characteristics. This work puts forward the
requirement of conducting further research to ex-
plore the intestinal absorption of these nano-
particles. The oral way will bring more convenience
to patients and increase their compliance to drug
therapy. Therefore, evaluating the nanoparticles'
capability for being utilized as a drug delivery sys-
tem for oral administration of gentamicin sulfate
would be bene¯cial. According to the low dose of
gentamicin and its inability to be absorbed orally
and if a polymer is added to the preparation of
nanoparticles, it seems that this drug is a good
candidate for nanoparticulate. Also, the study of
antibacterial activity of gentamicin sulfate nano-
particles compared to the pure drug would be
desirable.
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