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Abstract. Helicobacter pylori infection remains challenging as it mainly colonized beneath the deep gastric
mucosa and adheres to epithelial cells of the stomach. Concanavalin-A (Con-A)-conjugated gastro-
retentive poly (lactic-co-glycolic acid) (PLGA) nanoparticles of acetohydroxamic acid (AHA) and
clarithromycin (CLR) were prepared and evaluated under in vitro conditions. Solvent evaporation
method was employed for preparation of nanoparticles and characterized for particle size distribution,
surface morphology, percent drug entrapment, and in vitro drug release in simulated gastric fluid.
Optimized nanoparticles were conjugated with Con-A and further characterized for Con-A conjugation
efficiency and mucoadhesion and tested for in vitro anti-H. pylori activity. The conjugation with Con-A
further sustained the drug release over a period of 8 h when compared to non-conjugated nanoparticles of
AHA and CLR. In vitro anti H. pylori study confirmed that Con-A-conjugated nanoparticles containing
both drugs, i.e., CLR and AHA, had shown maximum zone of inhibition compared to other formulations.
In a nut shell, results suggest that the developed systems could be used for better therapeutic activity
against H. pylori infection.
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H. pylori.

INTRODUCTION

Helicobacter pylori colonizes on the surface of the epithe-
lium of the stomach within the mucus layer and causes the
inflammation or active chronic gastritis, gastric ulcer, and
gastric carcinoma (1,2). It generally attaches to the inner lining
of the stomach and establishes a favorable environment to
grow up (3). In the course of H. pylori infection, urease
hydrolyzes the urea (present in gastric epithelium) into the
ammonia and carbamate, which increases the pH of the stom-
ach (4). Neutralization of acidic environment of the stomach
serves as defense mechanism for the survival of H. pylori (5).

Acetohydroxamic acid (AHA) is similar in structure to
urea which acts as an antagonist of bacterial enzyme (urease)
and used as urease inhibitor (6). Clarithromycin (CLR) is a
broad-spectrum macrolide antibiotic and inhibits the bacterial
protein synthesis. It is more effective against gram-negative
bacteria, e.g., H. pylori. It is stable in acidic gastric environ-
ment, is readily absorbed, and provides an oral bioavailability
of ~50% with a prolonged #,, of 3-4 h (7). The compromised
effectiveness of AHA alone for such infections is reported in
some literatures but its combination with other antibiotics
such as CLR results into better performance against
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H. Pylori (8). AHA maintains the acidic environment of the
stomach and creates the unfavorable condition for growth of
H. pylori and enhances the anti-microbial activity of CLR.
Thus, for the effective treatment of H. pylori, AHA and
CLR were chosen as lead drugs.

Concanavalin-A (Con-A), a lectin isolated from jack-
bean (Canavalia ensiformis), is useful as mucoadhesive carri-
er. Its specificity to bind mono-, oligo-, and poly-saccharides
with terminal non-reducing R-D-mannopyranosyl, R-D-
glucopyranosyl, or D-fructofuranosyl residues makes it suit-
able to fulfill the bioadhesive objectives for drug delivery
purpose (9,10). Con-A is also stable in acidic gastric environ-
ment which perfectly complements the physico-chemical sta-
bility of both drugs, i.e., AHA and CLR.

Receptor-mediated targeting of lipobeads bearing AHA
was prepared for the treatment of H. pylori infection (11).
Tripathi et al. (12) reported the pH-sensitive gastro-retentive
polymeric buoyant beads of AHA for clearance of H. pylori.
Rajinikanth and Mishra (13) reported stomach-specific in situ
gelling system for the treatment of H. pylori containing CLR
as a drug. Oral carbopol-loaded amoxicillin nanospheres were
developed which binds with the mucosa after delivery to the
stomach and increase the efficacy of the drug, providing both
an immediate and a sustained action (14). Tripathi (15) pre-
pared pH stimuli-sensitive microspheres of CLR based on the
principle of cation-induced gelification.

The different attempts mentioned above lack the effec-
tive active targeting of incorporated therapeutic agents due to
several reasons, i.e., degradation in gastric environment, lower
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Table I. Formulation Code and Independent Variables
S. no. Formulation code Drug/polymer ratio Stirring time (h)
1 CF1, AF1 1:1 2
2 CF2, AF2 1:1 3
3 CF3, AF3 1:1 4
4 CF4, AF4 12 2
5 CF5, AF5 1:2 3
6 CF6, AF6 12 4
7 CF7, AF7 1:3 2
8 CF8, AF8 1:3 3
9 CF9, AF9 1:3 4

CF;_o formulation containing CLR as a drug, AF;_o formulation containing AHA as a drug

retention time of dosage form which results in insufficient
drug availability at the site, and failure to cope with normal
physiological gastric emptying process. In addition to the
present attempt for the development of an effective delivery
system against H. pylori, some previous research endeavors
were also focused on the development of lectin-conjugated
gastro-retentive microspheres containing different antibiotic
agents (16,17). To achieve the objectives of interest, lectin-
conjugated nanoparticles containing CLR and AHA were
developed for effective eradication of H. pylori infection.

MATERIALS AND METHODS

Clarithromycin (CLR) and concanavalin-A (Con-A)
were procured as gift samples from M/s Matrix Laboratories
Ltd., India, and Bio-Research Products, Inc., 323 W. Cherry
St., North Library (TA 5231), respectively. Acetohydroxamic
acid (AHA), poly (lactic-co-glycolic acid) (PLGA) 50:50, N-
hydroxysuccinimide (NHS), 1-ethyl-3,3z-
(dimethylaminopropyl) carbodiimide (EDC), Pluronic F-68,
nutrient broth (NB), nutrient agar (NA), Sabouraud dextrose
agar (SDA), Sabouraud dextrose broth (SDB), and fluoresce-
in isothiocyanate (FITC) were purchased from HiMedia Lab-
oratory Pvt. Ltd., Mumbai, India. Dimethyl sulfoxide
(DMSO) was procured from E. Merck Ltd., Mumbai, India.
Acetone was purchased from CDH, Mumbai. The H. pylori
strain 1101 was supplied by Radiant Research Services Pvt.
Ltd., Bangalore, India. All other chemicals used were of ana-
lytical reagent grade.

Table II. Zone of Inhibition of Test Sample Against H. pylori

S. no. Formulations Zone of inhibition in mm
(conc. pg/mL)
1000 500

1 CLR 8.3+2.4 5.1+1.5
2 AHA 5.1+1.7 3.9+1.1
3 CLR+AHA 11.3+1.4 8.4+1.5
4 LCF7 24.0+1.5 21.6+1.1
5 LAF7 16.3+£1.7 12.4+0.9
6 L(CF7-AF7) 33.3+2.1 26.4+1.4
7 Std. (ciprofloxacin) 31.0+0.9 30.2+0.7

The ex vivo study was performed at Guru Ghasidas
Vishwavidyalaya, according to the protocols approved by the
Committee for Purpose of Control and Supervision of Exper-
iments on Animals (CPCSEA), Ministry of Social Justice and
Empowerment, Government of India, on the recommenda-
tions of Institutional Animal Ethical Committee of Guru
Ghasidas Vishwavidyalaya (Bilaspur, India).

Preparation of PLGA Nanoparticles

The PLGA nanoparticles were prepared by solvent evap-
oration method (18). In brief, PLGA (500 mg) was dissolved in
10 mL acetone followed by dispersion of individual drugs (CLR
and AHA) and their combination with continuous stirring
(Table I). This resultant dispersion was added drop wise via a
needle (24 G) to 1% w/v Pluronic F-68 solution (100 mL) with
continuous stirring. Polymeric dispersion was sonicated for
10 min by a probe sonicator (Frontline, Unitech Instrument,
Vadodara) and stirred continuously with a magnetic stirrer at
room temperature for 3 h. The hardened nanoparticles were
washed twice with distilled water and processed for ultracentri-
fugation (Remi, Mumbai, India) at 16,000-20,000 rpm for
15 min at 4°C. Nanoparticles were lyophilized (Macro Scientific
Work Pvt. Ltd., New Delhi) and stored at 4°C.

The prepared nanoparticles were optimized on the basis of
process variables, i.e., drug polymer ratio and stirring time
(Table I). Formulation properties, i.e., particles size and drug en-
trapment efficiency, were used to decide the optimized formulation.

Conjugation of Con-A with Nanoparticles

Conjugation process generally depends on the avail-
ability of functional groups over the carrier surface. Cova-
lent attachment is the preferred phenomenon, involved for
the conjugation of lectins to polymeric carriers (19). The
coupling of lectin with polymeric carriers was carried out
using carbodiimide technique (20). Optimized nanoparticle
formulations CF7, AF7, and CF7-AF7 were selected for the
conjugation with Con-A. Activation of carboxyl group of
500 mg nanoparticles was carried out by addition of 10 mL
of 0.1 M 1-ethyl-3, 3-(dimethylaminopropyl) carbodiimide
(EDC) and 10 mL of 0.1 M N-hydroxysuccinimide (NHS) in
phosphate buffer (pH 5.8). After 3 h of incubation at room
temperature, excess coupling agent was removed by wash-
ing with phosphate buffer pH 5.8. After activation, 10 mL of
Con-A solution (1% w/v in phosphate buffer pH 5.8) was
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Fig. 1. Schematic diagram of chemical reaction for lectin conjugation with PLGA nanoparticles

added and incubated overnight. Conjugated nanoparticles
were collected by centrifugation at 20,000 rpm, washed
three to four times with distilled water, lyophilized, and
stored at 4°C until further use.

Conjugation Efficiency

The amount of Con-A bound to PLGA nanoparticles
containing AHA and CLR was calculated as the difference
between Con-A added initially and Con-A recovered after
incubation. The amount of Con-A in the supernatant was
estimated using Folin-Ciocalteu reagent. Absorbance was
measured against blank using UV-visible spectrophotometer
(Shimadzu 1800, Japan) at 750 nm.

Drug Entrapment

Accurately weighed quantity of nanoparticles (50 mg)
from each batch were taken separately and dissolved in
5 mL of dimethyl sulfoxide (DMSO). Ten milliliters of
0.05 M NaOH solution containing 0.5% SDS was added and
stirred on a magnetic stirrer for 1 h to extract out the drug
completely. Extracted solution was analyzed by a UV spectro-
photometer at 545 and 502 nm for CLR and AHA, respec-
tively. Positive control solution of CLR and AHA was taken as
blank while estimating CLR and AHA simultaneously in
order to avoid the interference of absorbance of CLR and
AHA to each other, respectively.

Particles Size and Surface Morphology

For the determination of particle size of developed for-
mulations, Zetasizer instrument (Nano ZS, Malvern Instru-
ments, UK) was used. A suspension of developed
nanoparticles in de-ionized water was used for the analysis.
The morphology of optimized formulations was studied by
transmission electron microscope (TEM) (Morgagni 268D,
Fei Electron Optics, USA). Samples (placebo and drug loaded
nanoparticles) were fixed with 2% phospho-tungustanic acid
and examined under TEM.

Infrared Spectroscopy

IR spectroscopy of drugs, polymer, and formulation
was performed on FT-IR spectrophotometer (Shimadzu,

Japan). The sample was mixed in the ratio of 95:5 with
KBr for compression as disk and scanned over 4000-
400 cm™".

In Vitro Drug Release and Data Analysis

The in vitro release study of CLR and AHA con-
taining nanoparticles were carried out in 20 mL of sim-
ulated gastric fluid (SGF, pH 1.2), using Franz diffusion
cell at rotation speed of 100 rpm. Different formulations,
equivalent to 50 mg drug, were taken in donor chamber.
Aliquots (1 mL) were removed at predetermined inter-
vals and replenished immediately with the same volume
of fresh media followed by passing through Whatman
filter paper (no. 41) and analyzed spectrophotometrically
at 547 and 502 nm for CLR (21) and AHA (22),
respectively.

Five kinetic models, including zero-order, first-order,
Higuchi matrix, Peppas-Korsmeyer, and Hixson-Crowell
release equations were applied to interpret the in vitro
release data.

In Vitro Anti H. pylori Study and Determination of Zone of
Inhibition

For these studies, the H. pylori strain 1101 was sub-
cultured from the refrigerated mother cultures using modified
standard procedures in nutrient broth with 50% fetal bovine
serum (FBS) (23). The sub-cultured organism was standard-
ized using nutrient broth with a spectrophotometer by
adjusting 0.3 optical density at 650 nm. Samples of each for-
mulation (10 mg), i.e., LCF7, LAF7, and L(CF7-AF7), were
weighed and suspended in 1 mL of dimethyl sulfoxide
(DMSO). From this stock, different dose levels were prepared
in broth/DMSO (Table II).

Standardized culture of test organism (0.1 mL) was
spread uniformly over the previously prepared nutrient agar
(NA) plates. Wells were prepared using a sterile borer of
diameter 10 mm and capacity of 100 pL to get the final
concentration of test substance, i.e., 500 and 1000 pg/mL.
Ciprofloxacin was added at equivalent concentration as a
standard. The plates were kept at 40°C for 1 h to allow
diffusion of test solution into the medium and maintained in
anaerobic environment (desiccator) at room temperature for
24 h for sufficient growth of at least 10 to 15 generations. The
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Fig. 2. TEM images of drug-loaded nanoparticles (AF7 and CF7), lectin-conjugated nanoparticles
(LAF7 and LCF7), and combination batch (AF7-CF7)

zone of inhibition of microbial growth around the well was
measured.

Determination of Minimum Inhibitory Concentration

The experiment was performed as per the previously
reported procedure with minor modifications (12). CLR,
AHA, and their formulations were suspended in DMSO sep-
arately. One hundred microliters volume of each suspension

Table III. Drug Entrapment (%) and Particles Size of Different For-
mulations of Acetohydroxamic Acid

Formulation code Drug entrapment (%) Particles size (nm)

AF1 53.22+1.34 594.0+5.3
AF2 52.46+1.16 532.0+3.7
AF3 40.24+1.01 427.7+3.1
AF4 41.13£1.17 602.0+1.5
AF5 40.06+1.21 522.3+2.5
AF6 38.04+1.21 406.0+3.6
AF7 55.02+0.91 609.7+3.1
AF8 41.96+0.92 545.0+8.2
AF9 44.04+1.32 412.0+8.3
AF7-CF7 53.14+0.39 656.1+5.7

AF;_g formulation containing AHA as a drug, AF7-CF7 formulation
containing both drugs CLR and AHA

was added into wells of a 96-well plate. Antibiotics and their
formulations were added at the fourfold concentration of the
reported minimum inhibitory concentration (MIC) of each
antibiotic for H. Pylori. Serial dilutions were made using a
multichannel pipette. A set of positive, negative, and a stan-
dard (ciprofloxacin) control were also added to the wells. Fifty
microliters of nutrient broth medium was added to each of the
wells. Resazurin indicator solution (10 pL) and fetal bovine
serum (FBS) (30 pL) were added to each well. Finally, 10 pL
of standardized culture of H. pylori was added to each well
and the plate was wrapped loosely with cling film to ensure
that cultures did not become dehydrated. Wells were observed
for color change from purple to pink or colorless after 24 h of
anaerobic incubation at room temperature, and MIC was
calculated. Each experiment was performed in triplicate.

Ex Vivo Mucoadhesive Study

Con-A-conjugated nanoparticles (10 mg) were incubated
with 1 mL of 1% w/v solution of fluorescein isothiocyanate
(FITC) in ethanol for 24 h prior to ex vivo study. Overnight
fasted Wistar rats (22020 g) with ad libitum access to water
were used for ex vivo study and handled as per the guidelines
of CPCSEA. Animals were sacrificed, and the freshly collect-
ed stomach was rinsed with warm Tyrode solution (37°C) to
remove any lumenal contents. Four equal segments were cut
from the stomach of each animal. Three segments were
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Table IV. Drug Entrapment (%) and Particles Size of Different For-
mulations of Clarithromycin

Formulation code Drug entrapment (%) Particles size (nm)

CF1 87.14+0.34 536.3+6.5
CF2 87.59+0.13 493.0+2.0
CF3 81.53+0.14 401.0+4.4
CF4 88.12+0.12 524.7+7.8
CF5 87.83+0.20 442.3+1.5
CF6 90.12+0.14 409.3+2.1
CF7 90.04+0.23 604.0+2.0
CF8 80.21+0.13 541.3x1.5
CF9 82.16+0.23 494.0+£3.5
AF7-CF7 88.76+0.45 656.1+5.7

CF,;_¢ formulation containing CLR as a drug, AF7-CF7 formulation
containing both drugs CLR and AHA

dipped into a suspension of 10 mg of each fluorescent formu-
lation, i.e., LCF7, LAF7, and L(CF7-AF7), respectively, in

9 transmittance
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5 mL SGF (pH 1.2), and the control segment was dipped in
fluorescent marker only. All segments were immediately incu-
bated in dark at 37°C in Tyrode solution gassed with oxygen.
After 2 h, the stomach segments were washed thrice in ice-
cold SGF to remove residual nanoparticles and observed un-
der fluorescent microscope (Carl Ziess, Germany) (24).

RESULTS AND DISCUSSION

Nanoparticles were prepared by solvent evaporation
technique and optimized on the basis of drug-polymer ratio
and stirring time. Particle size and entrapment efficiency were
considered as dependent variables for the selection of opti-
mized formulation. The different stirring times, i.e., 2, 3, and
4 h, and different drugs, polymer ratios, i.e., 1:1, 1:2, and 1:3,
were chosen for optimization experiments. The formulation
with a combination of minimum particle size and maximum
entrapment efficiency was scrutinized. A chemical process was
adopted for the conjugation of PLGA with Con-A (Fig. 1).
EDC is not particularly efficient itself in cross-linking because
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Fig. 3. IR spectra of CLR, PLGA, Con-A, CF7, and LCF7
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Fig. 4. IR spectra of AHA, PLGA, Con-A, AF7,and LAF7

it fails to react rapidly with an amine. Its slow reaction with
amine causes hydrolysis which results in regeneration of car-
boxyl moiety. EDC reacts with a carboxyl group of PLGA,
forming an amine-reactive O-acylisourea intermediate. This
intermediate may react with an amine of Con-A, producing a
conjugate molecule. A stable amide bond forms during

50
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Cumulative Drug released (%)

conjugation between two molecules. However, due to the risk
of hydrolysis, this intermediate posed the problem concerned
with stability. To overcome the issue of stability, NHS was
added to stabilize the amine-reactive intermediate which con-
verts it to an amine-reactive NHS ester, and hence, it results
into more efficient coupling reactions between polymer and

—=AF1
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—o—AF3
——AF4
—— AF5
—h— AF6

AF7
— AF8
—8—AF9

Time (h)

Fig. 5. In vitro drug release of acetohydroxamic acid (AHA) from different nanoparticles in
pH 1.2 at 37°C. Values are mean+SD (n=3). AF;_o=formulation containing AHA as a drug



A Novel Approach for Effective Treatment of H. pylori 1137
40
—&—CF1
35
——CF2
- 30 CF3
]
3 2 —8—CF4
8 ——CFS
2 20
A i CF6
2
S 15 —o—CF7
4
>
2 —+—CF8
10
E ——CF9
3
S s
0
9

Time (h)

Fig. 6. In vitro drug release of clarithromycin (CLR) from different nanoparticles in
pH 1.2 at 37°C. Values are mean+SD (n=3). CF;_o=formulation containing CLR as a drug

Con-A (25,26). The overall process allows easy and smooth
two-step cross-linking procedure with no alteration to the
carboxyl groups present on PLGA (17).

Particle Size and Surface Morphology

The particle size of non-conjugated formulations ranged
between 400 and 600 nm whereas conjugated formulations
ranged between 550 and 700 nm. Greater size of conjugated
formulations resulted due to the formation of conjugated
bulky network between PLGA and Con-A. In case of non-
conjugated formulations, anionic COO™ groups of PLGA
cause repulsion between particles to restrict aggregation and
give rise to particles with smaller size (27). Experimental
observation clearly suggests that particle size of nanoparticles
was directly proportional to PLGA concentration. Smaller
particles were produced with lower polymer concentration
which may be owed to higher surface area per unit volume
(28). The data set for the stirring time of different batches

indicates that an increase in the stirring time results into
reduction in particle size. The TEM analysis showed that
conjugated and non-conjugated formulations were almost
spherical in shape and also confirms their size range within
the nano-limits (Fig. 2). While both drugs, i.e., CLR and
AHA, were incorporated simultaneously in the formulations,
no significant change was observed on the particle size front
(Tables III and IV).

Drug Entrapment

CLR formulations showed better drug entrapment effi-
ciency compared to AHA formulations. The values for en-
trapment efficiency were ranged between 40.06+1.21 to 55.02
+0.91 and 80.16+0.23 to 90.12+0.14% for AHA and CLR
nanoparticles, respectively. These differences in entrapment
efficiency of both drugs may be possibly due to the higher
aqueous solubility of AHA in comparison to CLR (27,29).
The incorporation of both drugs simultaneously (AF7-CF7

40
——LAF7
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©
b
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o
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Fig. 7. Comparative cumulative percent drug release profile of AF7, LAF7, CF7, and
LCF7. CF7=formulation containing CLR as a drug. AF7=formulation containing AHA as
a drug. LCF7=lectin-conjugated formulation containing CLR as a drug. LAF7=lectin-con-
jugated formulation containing AHA as a drug. Values are mean+SD (n=3)
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Table V. Release Kinetic of Nanoparticles Containing AHA

Formulation code Correlation coefficient (R?)

Zero order First order Higuchi matrix Hixson-Crowell Peppas-Korsemeyer
AF1 0.935 0.958 0.955 0.976 0.719 (n=0.630)
AF2 0.959 0.842 0.838 0.953 0.855 (n=0.432)
AF3 0.987 0.929 0.945 0.974 0.719 (n=0.560)
AF4 0.970 0.852 0.876 0.987 0.963 (n=1.376)
AF5 0.986 0.942 0.933 0.969 0.895 (n=1.920)
AF6 0.969 0.951 0.937 0.946 0.839 (n=1.835)
AF7 0.943 0.916 0.925 0.990 0.922 (n=1.733)
AF8 0.985 0.915 0.923 0.988 0.937 (n=3.204)
AF9 0.962 0.822 0.840 0.968 0.944 (n=0.888)

AF;_¢ nanoparticles of AHA, n diffusional exponent

formulation) did not affect the entrapment efficiency of each
drug significantly (Tables III and IV).

Characterization of Con-A-Conjugated Nanoparticles

IR spectrum of CLR showed the characteristic peaks, i.e.,
1170.79, 1377.13, 1420, 1691, 1732, 2922.16, and 3410.15 cm ™,
for different functional groups, i.e., -C—O-C stretching, CH,
group, amine group, carbonyl stretching, lactone ring, alkane
stretching, and hydroxyl group, respectively (Fig. 3). Charac-
teristic IR peaks of AHA were found to be, i.e., 1650-1550,
1680-1630, 1750, 28502950, and 36503550 cm ™! for amine
group, amide group, saturated ketone, alkane, and —-OH
group, respectively (Fig. 4). The obtained IR spectrum of
PLGA showed various peaks, i.e., 1313.32, 1710.71, and
2925.51 cm ™! for ether, ketone, and C-H stretching, respec-
tively. In Con-A, IR showed their characteristic peaks, i.e.,
3001.1 cm ' for carboxylic acid and 1629.4 and 1510.3 cm ™' for
amine. The comparison of IR spectra of LCF7 with CF7 and
LAF7 with AF7 confirmed the attachment of Con-A with
respective nanoparticles formulations. IR spectrum of Con-
A-conjugated nanoparticles, represented by peaks (1707,
3498.87 cm™') for the amide groups suggested the presence
of amide group in AF7 and CF7 and absence in LAF7 and
LCF7.

In Vitro Drug Release Study

The in vitro drug release study of different batches of
AHA nanoparticles and CLR nanoparticles was performed
in simulated gastric fluid. Drug release from the formulation
with a drug polymer ratio 1:3 (AF7, AFS8, and AF9) was found
to be lower in comparison to formulation with drug polymer
ratio 1:2 (AF4, AF5, and AF6) and 1:1 (AF1, AF2, and AF3)
(Fig. 5). Reduced release from the formulations AF7, AFS8, and
AF9 may be due to increase in polymer concentration, resulting
into the formation of dense polymer network which hinders the
drug release. The cumulative percent drug release from differ-
ent batches of AHA nanoparticles was in the following order:
AF3>AF2>AF1>AF6>AF5>AF4>AF9>AF8>AF7.

Similarly, in case of CLR nanoparticles, the batches with
drug polymer ratio 1:3 (CF7, CF8, and CF9) showed least drug
release when compared to the formulation with drug polymer
ratio 1:1 (CF1, CF2, and CF3) and 1:2 (CF4, CFS, and CF6).
Cumulative percent drug released of different formulation of
CLR nanoparticles, followed the order
CF3>CF2>CF1>CF6>CF5>CF4>CF9>CF8>CF7 for different
formulations of CLR (Fig. 6).

Formulations, AF7 and CF7, had shown best results in
terms of drug entrapment with an extent of 55.02+0.91 and
90.04+0.23%, respectively, and mean particle size of 427.7+3.1
and 401.0+4.4 nm, respectively. Therefore, these two

Table VI. Release Kinetic of Nanoparticles Containing CLR

Formulation code Correlation coefficient (R?)

Zero order First order Higuchi matrix Hixson-Crowell Peppas-Korsemeyer
CF1 0.985 0.844 0.867 0.944 0.858 (n=1.563)
CF2 0.974 0.855 0.862 0.982 0.910 (n=1.620)
CF3 0.983 0.868 0.885 0.986 0.865 (n=2.890)
CF4 0.966 0.842 0.852 0.971 0.899 (n=2.284)
CF5 0.964 0.899 0.895 0.966 0.899 (n=2.784)
CF6 0.970 0.878 0.819 0.960 0.902 (n=0.821)
CF7 0.942 0.871 0.889 0.966 0.902 (n=1.817)
CF8 0.936 0.904 0.858 0.941 0.860 (n=0.885)
CF9 0.971 0.856 0.858 0.980 0.883 (n=1.147)

CF;_¢ nanoparticles of CLR, » diffusional exponent
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Table VII. Minimum Inhibitory Concentration of Different

Formulations

Formulation/drug MIC (pg/mL)
Clarithromycin 8.9
Acetohydroxamic acid 75
Ciprofloxacin 3.25
CLR+AHA 7.3

LCF7 29

LAF7 26.3
L(CF7-AF7) 1.1

formulations, i.e., AF7 and CF7, were further processed for
conjugation with Con-A and coded as LAF7 and LCF7, re-
spectively. All the four formulations were subjected to in vitro
drug release in simulated gastric fluid.

Over a period of 8 h, AF7 and CF7 showed cumulative
percent drug release up to the extent of 37.69+0.10 and 30.80
+0.43%, respectively, whereas LAF7 and LCF7 showed a
cumulative percent drug release of 34.90+0.17 and 29.09
+0.25%, respectively (Fig. 7). There was a very slight decre-
ment in the drug release from conjugated formulations in
comparison to respective non-conjugated formulations, which
may be due to hindrance arisen by conjugated network. The
release data of all formulations was subjected to different
kinetic models, i.e., zero-order, first-order, Higuchi kinetics,
Korsemeyer-Peppas kinetics, and Hixson-Crowell model in
order to determine the type of diffusion responsible for the
drug release from nanoparticles. AF7 follows the zero-order
kinetics with R value of 0.987 and CF7 best fitted to Hixson-
Crowell model with R? value of 0.986. In CF7, the drug
released is rate-limited; it may due to particle erosion not by
the diffusion (30) whereas AF7 follow zero-order kinetics
which indicates more efficient drug release control in compar-
ison to CF7 nanoparticles (Tables V and VI).
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The effect of particle size on release of drug was clearly
evidenced from the release pattern. Smaller particles release
drug in greater extent due to the higher surface exposure to the
biological environment. This increased exposure allows higher
water inclusion within the polymeric matrix network which facil-
itated the drug diffusion process from nanoparticles (27).

In Vitro Growth Inhibition Study

All the formulations exhibited inhibitory properties
against H. pylori. L(CF7-AF7) exhibited potent inhibitory
properties with zone of inhibition (ZOI) values 28.3 and
26.4 mm at 1000 and 500 pg/mL, respectively. LCF7 exhibited
potent inhibitory properties alone with ZOI values 24.0 and
21.6 mm at 1000 and 500 pg/mL, respectively. LAF7 have least
inhibitory properties with ZOI values 12.4 and 16.3 mm at 500
and 1000 pg/mL, respectively (Table VI). In MIC method,
CLR exhibited potent activity with MIC value of 3.9 pg/mL.
AHA exhibited the low potency (MIC value 75 pg/mL) to
inhibit the H. pylori, but along with the other antibiotics
increases the inhibitory action of antibiotics. Incorporation
of these drugs into formulation significantly increases their
potency. Formulation containing both drugs, i.e., AHA and
CLR showed the highest activity, i.e., MIC 1.1 pg/mL
(Table VII).

Ex Vivo Mucoadhesive Study

The bioadhesion of lectin-conjugated nanoparticles with
gastric mucosa is due to the interaction between the sugar
residue present on the epithelial tissues and Con-A (31). It
was possible that Con-A would recognize the mannose and
glucose residue present in gastric mucosa and bind to the
competing sugar. The interaction between Con-A-conjugated
nanoparticles and gastric mucosa was confirmed by fluores-
cence microscopy which elucidates the binding sites of Con-A-

L(CF7-AF7)

Fig. 8. Mucoadhesive fluorescent images of nanoparticle formulation containing
clarithromycin (LCF7) acetohydroxamic acid (LAF7), and both L(CF7-AF7)
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conjugated nanoparticles everywhere. These findings suggests
that the bioadhesive property of Con-A-conjugated nanopar-
ticles on rat gastric mucosa may be attributed to the true
lectin-specific binding (Fig. 8).

CONCLUSION AND FUTURE PERSPECTIVES

Con-A-conjugated PLGA nanoparticles of AHA and
CLR were successfully prepared by solvent evaporation meth-
od. The conjugation of lectin (Con-A) to PLGA nanoparticles
was performed through carbodiimide technique. Release of
drug, i.e., AHA and CLR, from these nanoparticles in a
controlled manner along with mucoadhesive property could
be advantageous against H. pylori infection in gastric environ-
ment. The preliminary results of the present study suggests
that these Con-A-conjugated PLGA nanoparticles offers a
potential approach to be employed for the incorporation of
other antibiotics along with urease inhibitor for the effective
treatment of H. pylori infection. Such formulations could be
further subjected to in vivo anti H. pylori and in vivo
mucoadhesive studies to assess their capability for complete
eradication of H. pylori infection.
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