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Abstract: Pharmaceutical suspension containing oral dosage forms delivering both immediate-
release and sustained-release amoxicillin was developed as a new dosage form to eradicate
Helicobacter pylori. Amoxicillin-loaded gelatin nanoparticles are able to bind with the mucosal
membrane after delivery to the stomach and could escalate the effectiveness of a drug, provid-
ing dual release. The objective of this study was to develop amoxicillin nanoparticles using
innovative new technology — the Biichi Nano Spray Dryer B-90 — and investigate such features
as drug content, particle morphology, yield, in vitro release, flow properties, and stability. The
nanoparticles had an average particle size of 571 nm. The drug content and percentage yield
was 89.2% + 0.5% and 93.3% =+ 0.6%, respectively. Angle of repose of nanoparticle suspension
was 26.3° and bulk density was 0.59 g/cm?®. In vitro drug release of formulations was best fitted
by first-order and Peppas models with R* 0of 0.9841 and 0.9837 respectively; release profile was
15.9%, while; for the original drug, amoxicillin, under the same conditions, 90% was released in
the first 30 minutes. The nanoparticles used in this study enabled sustained release of amoxicillin
over an extended period of time, up to 12 hours, and were stable for 12 months under accelerated
storage conditions of 25°C £ 2°C and 60% + 5% relative humidity.
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Introduction

B-Lactams are one of the best weapons clinical physicians have against Helicobacter
pylori. Amoxicillin is a semisynthetic penicillin that is presently the only B-lactam
used to treat H. pylori infection. It is unchanged in gastric acid with a short drug resi-
dence time in the stomach. It prevents synthesis of the bacterial cell wall and has good
sensitivity to H. pylori in vitro.! These triple therapies contribute to the usefulness
of amoxicillin in therapeutic applications. An effective drug concentration cannot be
achieved in the gastric mucosal layer or epithelial cell surface where H. pylori reside.**
However, there is some information highlighting that management with amoxicillin
cannot completely eliminate H. pylori, signifying that further research is necessary to
expand its therapeutic effect.>¢ Therefore, management of large doses of amoxicillin
on an everyday basis is essential for eradication of H. pylori. Poor patient compli-
ance due to adverse effects such as nausea, vomiting, and diarrhea are not unusual.
Subsequently, it is expected that if local delivery of antimicrobial agents from the
gastric lumen into the mucus layer can be achieved, then the H. pylori eradication
rate would be increased.’
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Several dosage forms have been recommended to help
retain amoxicillin in the stomach, including nanocapsules,?
gellan beads,’ floating microballoons,!® hydrogel
nanoparticles,'" and mucoadhesive microparticles,'?> which
are able to stay in the gastrointestinal tract for an extended
time, and can therefore prove more effective for H. pylori
eradication. Various methods can be used to prepare polymer
nanospheres, such as microemulsion, interfacial polymeriza-
tion, miniemulsion, salting out, dialysis, supercritical fluid
technology surfactant-free emulsion, and solvent evapora-
tion.!® Spray drying is a well-known, quick, one-step process
frequently used in the pharmaceutical industry to produce a
dry powder from a liquid form."

In light of the above, there is a pressing need to develop
anovel formulation that carries amoxicillin into the stomach
to bind with the gastric mucosa, to intensify the efficiency
of the drug, and to offer a sustained action. To date, to the
author’s knowledge, no study has been carried out on the
formulation of a suspension containing a dual delivery
formulation of amoxicillin. The purpose of this study was
to design amoxicillin-loaded gelatin nanoparticles as a
new dual delivery suspension containing pure amoxicillin
as well as a granulated nanoparticle form of amoxicillin
using a Biichi Nano Spray Dryer B-90 (BUCHI Labortech-
nik AG, Flawil, Switzerland) for H. pylori eradication
management.

Materials and methods

Amoxicillin trihydrate was kindly gifted for this research by
Karnataka Antibiotics and Pharmaceuticals Ltd (Bangalore,
India). Gelatin bloom strength 175, xanthan gum, D-sorbitol
powder, citric acid, sodium citrate, sodium lauryl sulfate,
and sodium benzoate were obtained from Sigma-Aldrich (St
Louis, MO, USA). All other reagents and chemicals used
were of analytical grade.

Preparation of nanoparticles by spray
drying

Amoxicillin-loaded gelatin nanoparticles (GLAN) were
formulated using a spray drying technique.'>'® The experi-
ments were designed according to our previous published
work.'® The optimized parameters included the concentration
of gelatin (500 mg), inlet temperature (80°C), and flow rate
(21 mL/hour). A solution of gelatin (gelatin soaked for 1 hour
in 50 mL of water and warmed before spraying) containing
a predetermined quantity of amoxicillin was sprayed using
spray caps incorporated with mesh of 4 um hole size. All
samples were filtered prior to the spray drying process to

avoid blockage of the mesh hole. The piezo-driven spray
head generates ultrafine droplets, which are gently dried into
solid particles. The dried powder is electrostatically charged
and collected at the collecting electrode, and the particles
were scraped and stored in a desiccator at 25°C for further
investigation.

Morphology of spray-dried particles

The surface morphology of the nanoparticles was observed
using scanning electron microscopy (FEI Quanta 200; Quanta
Technology, LLC, Raleigh, NC, USA). The nanoparticles
were placed in metal stubs and coated with gold using an
ion sputter machine (JEOL, Tokyo, Japan) and visualized
at 12 kV.1718

Particle size analysis

A study of amoxicillin nanoparticle size was done using
laser light diffraction and an ultrasonic method. The nano-
particles were diluted 5-fold with deionized water using a
Malvern Zetasizer Nano-ZS (Malvern Instruments, Malvern,
UK).!17:19

Determination of amoxicillin drug

content in nanoparticles

A known amount of amoxicillin nanoparticles was dissolved
in 0.1 M hydrochloric acid. The amoxicillin content was
assayed using a spectrophotometer (UV-1601spectrophotom-
eter; Shimadzu, Tokyo, Japan) at 272 nm by constructing a
calibration curve. The best-fitting straight line equation of
the calibration curve was found to be 4 = 0.294x + 0.0071.1¢
The investigations were performed in triplicate. The drug
content was considered as the ratio between the actual and
theoretical quantity of amoxicillin loaded for an optimized
preparation.

Amoxicillin content
_ Weight of amoxicillinin nanoparticles

- - x100 (1)
Total weight of the nanoparticles

Product yield/recovery

The efficiency of the nanoparticle yield was determined as
the percentage weight of the nanoparticle achieved compared
with the total amount of drug and polymer initially used in
the formulation procedure."”

Nanoparticle yield/recovery
_ Total weight of nanoparticles recovered

- - x100 (2)
Entire weight of the polymer + drug
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Angle of repose

The angle of repose was assessed to understand the flow
ability of the nanoparticle suspension powder by passing the
powder suspension through a funnel on a horizontal surface.
The height (h) of the heap formed was measured and the
radius (r) of the cone base was also determined. The angle
of repose (@) was calculated as:?

p-tan (%) 6
r

Bulk density

The spray-dried powder was introduced into a 100 mL
graduated cylinder. The volume of the material was noted
on the graduated cylinder. The bulk density was determined
by following the formula:

Bulk density g/cm® = 4)

w

v
where “w” is the weight of the nanoparticle powder and “v”
is the volume of the nanoparticle powder.

In vitro drug release and kinetics

In vitro drug release studies were carried out according to a
previously published article.'® Briefly, both the nanoparticles
and the dry powder suspensions were carried out using the
paddle method specified in United States Pharmacopeia
(USP) XXVIL'® The in vitro release studies were carried
out using the USP I basket method (50 rpm, 500 mL, and
37°C £ 1°C). Amoxicillin-loaded nanoparticle suspensions
equivalent to 250 mg of drug were positioned in a dialysis
cellulose membrane bag (D9402-100FT; Sigma-Aldrich)
with a molecular weight cutoff of 12,400 Da, retained and
placed into the baskets, and transferred to 500 mL of 0.05
M phosphate buffer. Aliquots were withdrawn at preset time
intervals and an equal volume of dissolution medium was
substituted into the flask to maintain a constant volume. The
drawn samples were examined at 272 nm, and the results were
used to determine a collective drug release profile for the
nanoparticles. Sink conditions were maintained throughout.
Examination of the suspension comprising of only amoxicil-
lin was carried out in a similar manner.?"*

Formulation of dry syrup

for reconstitution
Oral suspensions for reconstitution were prepared using the
formulae shown in Table 1. To formulate a dry blend for

Table | Formulation of dry suspension of amoxicillin-loaded
nanoparticles for reconstitution

Solution Components Concentration

number

| Amoxicillin-loaded Equivalent to 500 mg
nanoparticles amoxicillin

2 Xanthan gum 0.6%

3 D-sorbitol powder 20%

4 Citric acid 1.5%

5 Sodium citrate 0.75%

6 Sodium lauryl sulfate 0.05%

7 Sodium benzoate 0.2%

reconstitution, the powder constituents were decreased to
nearly the same particle size. Xanthan gum was incorpo-
rated as the efficient suspending agent in the suspensions.
D-Sorbitol powder was added to impart a slightly sweet
taste. Citric acid and sodium citrate were used to vary the
pH of the study preparations. Components present in small
quantities (sodium lauryl sulfate [0.05%], sodium benzoate
[0.2%], and buffer components) were mixed equally. The
same procedure was followed for xanthan gum (0.6%) and
amoxicillin-loaded nanoparticles (comprising the equivalent
of 500 mg amoxicillin). The ingredients were blended with
a portion of D-Sorbitol (20%) according to the geometric
dilution procedure. To prepare the reconstituted suspen-
sion, approximately 10 mL of water was added to the bottle
containing dry suspension powder and stirred with a spoon
until a homogeneous product was obtained.*

Stability of dry suspension

The stability model was planned based on the International
Conference On Harmonization (ICH) Q2B guidelines.'"**%
The nanoparticles were stored at 25°C £+ 2°C and 60% + 5%
relative humidity for a period of 12 months. This is the long-
term storage temperature for products that are intended to
be refrigerated when considering the thermosensitivity and
thermolability of the polymer.!”?*? Gelatin is a biopolymer
produced by denaturing collagen, which is the major protein
present in animal connective tissue; it is sensitive to degrada-
tion as long as no gel has formed. The stored samples were
confirmed for their physical change, particle size distribu-
tion, and drug content. The drug content was analyzed by a
UV spectrophotometric method. The testing was carried out
at 0, 2, 4, 6, and 12 months (as per the FDA’s guideline for
submitting papers on stability of human drugs and biologics,
DHHA, February 1987) for long-term storage conditions
and at 3-month intervals for a period of 12 months for long-
term storage conditions as per ICH guidelines (ICH Q6A)
for stability studies.'®
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Results and discussion
Spray-dried particle morphology

The amoxicillin nanoparticles designed under optimized
experimental conditions were shriveled sphere structures and
were a free-flowing powder (Figure 1). Other pharmaceutical
scientists have also stated that spray-dried particles developed
a shriveled shape and led to high surface area, which is advan-
tageous for dissolution enhancement, and that shrinking may
also be due to quick drying in the spraying compartment.?*?’
A shriveled shape might also be due to the lack of a plasticizer.
We did not use a plasticizer in our experiments due to possible
irritation in the gastrointestinal tract as the dosage form was
intended to stay in the body for a longer time.?

Drug content, yield, angle of repose,
and bulk density

The drug content and percentage yield of the formulation were
found to be 89.2% = 0.5% and 93.3% = 0.6%, respectively.
This is possible in practice only with the use of the Biichi
Nano Spray Dryer B-90, which can create much higher yields
compared to some traditional preparations.?**° The minimal
losses may be due to particle collection with the manual par-
ticle scraper from the collecting electrode. The angle of repose
of the nanoparticle suspension powder was 26.3°C, indicating
that the formulation was free-flowing in nature and that the
bulk density was freely settled having a value of 0.59 g/cm’.

Analysis of nanoparticle size
Spray drying has recently been gaining greater consideration
as it is a gentle, continuous, and scalable drying method by

det HV 5 um -

ETD 20.00 L 11Sc

Figure | Scanning electron microscopy image of amoxicillin-loaded gelatin
nanoparticles prepared by a spray dryer.
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Figure 2 Particle size distributions for the amoxicillin nanoparticle formulation.

which to transform liquids to dry powders. It also benefits
from marginal loss of high-value powder due to excep-
tionally high yields, and is an efficient and fast process.!'¢
Figure 2 shows the formation of amoxicillin nanoparticles
with heterogeneous particle size distribution. This is impor-
tant because, when the particles are of uniform size, the
spacing is the greatest, but when a range of sizes is used, the
void spaces are filled in the target region (stomach). Similar
results have been reported elsewhere of nanoparticles for-
mulated by a spray-drying process.’! The average diameter
of a nanoparticle was 571 nm.

Release behavior of amoxicillin

In the drug-manufacturing industry, drug-dissolution testing
is routinely done and it is extremely important to know the
release pattern and release kinetics of the formulation. Figure 3
illustrates the in vitro drug release from the amoxicillin suspen-
sion and the gelatin nanoparticles containing amoxicillin. The
formulation shows a close to biphasic release profile. Around
15.9% of the overall amount of amoxicillin in the nanopar-
ticles was released in the first hour. This initial burst of release
may be attributed to the drug molecules positioned within the
shell or at the interface between the core and the shell. This
system can produce a rapid rise in the plasma concentration
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Figure 3 Drug-release profile of amoxicillin alone and of amoxicillin-loaded gelatin
nanoparticles (GLAN).
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Table 2 In vitro release models with correlation coefficient
value (R?)

Table 3 Interpretations of stability test readings under long-term
storage conditions (25°C % 2°C and 60% + 5% relative humidity)

Release model Equation R? values
Baker and 2 0.9789
Lonsdale = E |- (| _ L)3 _ i =Kt

3 100 100
Peppas =F=Kt" 0.9837
Hixson and =F=100[1 — (I —K®?] 0.9554
Crowell
Higuchi, square —F= K\/; 0.9790
root of time
First-order = 100[|—e™] 0.9841

Abbreviations: F, amount of drug released in time (t); K, release rate constant; n,
release exponent.

for some drugs that are required to have a timely therapeutic
effect. However, complete drug release from the amoxicil-
lin nanoparticles was prolonged up to 12 hours. During this
period, the amount released was 98.0%. In comparison with the
amoxicillin nanoparticles, the amoxicillin suspension showed
faster amoxicillin release, with 90% of the amoxicillin released
in 30 minutes.'® This result specifies that nanoparticles have
potential in a controlled-release formulation of amoxicillin.
Further studies in animal models are necessary to confirm the
in vivo activity of amoxicillin nanoparticles with respect to
the eradication of H. pylori infection.

Analysis of release kinetics

In order to understand the release kinetics of amoxicillin from
GLAN nanoparticles, the in vitro release data were fitted to
all well-known kinetic equations (Table 2).!632% The release
mechanism was calculated from the slope of the appropriate
plots and the regression coefficient (R?) was determined by
Sigma Plot software (v 9.01; Systat Software, Inc, San Jose,
CA, USA). It was found that the in vitro drug release of
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Figure 4 In vitro release profile for amoxicillin nanoparticles (different model fitting).
Abbreviation: GLAN, amoxicillin-loaded gelatin nanoparticles.

Months
0 3 6 9 12

Physical change - - - - -
Particle size (nm) 571 576 578 580 582
Drug content (%) 100.5 99.8 99.3 98.9 96.9

Note: “~” indicates no physical change.

GLAN formulations was best explained by two models
(Figure 4). A novel observation has been made in this study
that the drug release agreed well with the first-order and
Peppas models. The values of the correlation coefficient (R?)
of the first-order and Peppas models for the obtained release
data were approximately 0.9841 and 0.9837, respectively.
The first-order kinetics equation describes the dissolution
of amoxicillin that is not successfully bound in the gelatin
matrix and which is ready to dissolve from the nanoparticle
surface. This rapid progression occurs immediately after dip-
ping a sample into release medium and is called “the burst
effect.”” The Peppas kinetic model defines the drug-release
mechanism depending on its data; the release process can be
governed by Fickian diffusion (n=0.5), by gelatin polymeric
matrix erosion, or by the combination of both mechanisms.
The release pattern was more controlled and was sustained
for a longer period of time, up to 12 hours.

Stability studies of GLAN

The amoxicillin content under long-term storage conditions
did not vary to a large extent in the nanoparticle formulations;
the maximum variation of 1.7% from the initial concentration
was seen in GLAN 24 months from the date of production.
The preparation was stable for 24 months under the long-term

105
©® GLAN
—— 90% reg line
100 e 5% Conf int

Percent of label claim

40

Time in months

Figure 5 Drug-content stability plot for amoxicillin nanoparticles under long-term
storage conditions.

Abbreviations: GLAN, amoxicillin-loaded gelatin nanoparticles; reg, regression;
Conf int, confidence interval.
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storage conditions of 25°C + 2°C and 60% % 5% relative
humidity. A maximum decrease of 2.6% from the original

concentration was observed (Table 3). The average particle

size was 571 nm and did not vary appreciably. It was more

or less shriveled in nature and no physical changes, such as

liquefaction, formation of bulges, or bruising, were observed

in the nanoparticle preparations throughout the 24-month

study period. Nevertheless, the observed changes were found

to be insignificant and had no influence on the quality of

the preparation.” Figure 5 shows the fall of drug content of

GLAN in long-term storage environments.

Conclusion
In the present study, a pharmaceutical suspension contain-

ing oral dosage forms for delivering both immediate-release

and sustained-release amoxicillin was developed as a new

dosage form with which to eradicate H. pylori. Our results

can also be used to develop an effective outline for targeted

stomach-specific drug delivery, and can be explored further in

vivo with other drugs, using a slight alteration in the methods

used here for formulation of the nanoparticles.

The amoxicillin nanoparticle suspension established

for this investigation was found to have suitable physical

properties or chemical properties and to have a satisfactory

particle size. The nanoparticles were found to release the

amoxicillin to a maximum extent in vitro. This unusual dual-

release formulation supplements the already existing domain

of site-specific drug delivery systems and holds promise

as a substitute to conventional drug delivery, allowing that

bacteria, such as H. pylori, are extremely challenging to treat

and to manage efficiently.
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