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Introduction: Controlling the drug release from the dosage form at a definite rate is the
main challenge for a successful oral controlled-release drug delivery system. In this study,
mini-tablets (MTs) and lipid/polymer nanoparticles (LPNs) of lipid polymer and chitosan in
different ratios were designed to encapsulate and control the release time of Amoxicillin
(AMX).

Methods: Physical characteristics and in vitro release profiles of both MT and LPN
formulations were studied. Antimicrobial activity and oral pharmacokinetics of the optimum
MT and LPN formulations in comparison to market tablet were studied in rats.

Results: All designed formulations of AMX as MTs and LPNs showed accepted character-
istics. MT-6 (Compritol/Chitosan 1:1) showed the greatest retardation among all prepared
minitablet preparations, releasing about 79.5% of AMX over 8 h. In contrast, LPN-11
(AMX: Cr 1:3/Chitosan 1 mg/mL) had the slowest drug release, revealing the sustained
release of 80.9% within 8 h. The MIC of both optimized tablet formula (MT-6) and LPNs
formula (LPN-11) was around two-fold lower than the control against H. pylori. The C . of
MT-6 and LPNI1 were non significantly different compared with the marketed AMX
product. While the bioavailability experiment proved that the relative bioavailability of the
AMX was 1.85 and 1.8 after the oral use of LPN11 and MT-6, respectively, compared to the
market tablet.

Conclusion: The results verified that both controlled-release mini-tablets and lipid/polymer
nanoparticles can be used for sustaining the release and hence improve the bioavailability of
amoxicillin.

Keywords: lipid-polymer, nanoparticles, amoxicillin, bioavailability, mini-tablet, chitosan,
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Introduction

Great steps have been taken in the management of disease through the intervention
of a lot of drugs over the past years unless a drug is delivered to its target area at an
optimum rate and concentration, the drug will not be optimally useful to the
patient." Over the years there have been many drug modifications and dosage
forms, with which we have tried to control the duration of drugs in the body.
Moreover, the delivery of drugs must be sustained at a rate such that the disease is
cured or controlled in minimum time with the lowest dose frequency and conse-
quently fewest side effects.” Recently, numerous polymers have been used to
develop sustained release dosage forms. Hydrophilic polymers are widely used in
design oral sustained-release formulations, such as xanthan gum, cellulose deriva-
tives, alginate sodium, or Chitosan.>* Chitosan is a natural biodegradable cationic
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polysaccharide polymer obtained by deacetylation of
chitin. It is used widely in the pharmaceutical industry
due to its biocompatible, biodegradable, and non-toxic
characteristics, as well as its adhesiveness and
permeability.”® In this investigation, Chitosan was used
as a carrier in the design of sustained-release mini-tablets
and LPN for AMX. The use of lipid-based polymers
showed a valuable advantage in the design of controlled
release dosage forms owing to their chemical inertness,
formulation versatility, better characterization, and wide
compatibility with different delivery systems.’ Recently,
gelucires are widely used as carriers in drug delivery
systems in a particular controlled-release formulation.
(Wp), (Pr),

Compritol. Compitol ATO 888 (Cr), Glyceryl monostea-

For example, Witepsol Precirol and
rate (GMS) were selected in the study as a glyceride base
for control the release.® Multiple unit drug delivery sys-
tems, such as mini-tablets, proved several benefits over
monolithic ones. First, Mini-tablets appreciate the benefits
of adequate large size oral tablets, such as being easy to be
administered, cost-effective, and can be easily protected
against moisture or light.” Mini-tablets also permit the
chance to present a multiparticulate dosage form manu-
factured via compression, which is more efficient than
extrusion-spheronization, and may avoid the use of aqu-
eous or organic solvents.””® By utilizing a minitablet,
modified release profiles have been demonstrated, includ-
ing controlled or sustained release, chronotherapeutic,
enteric or colonic release, biphasic pharmacokinetic pro-
file, and floating bioadhesive dosage form to present a
sustained pharmacokinetic profile.®'® In addition, numer-
ous nano-sized particle drug delivery systems such as
polymeric nanoparticles, liposomes, solid lipid nanoparti-
cles, dendrimers, etc., techniques were used to release
drugs in a sustained manner.'"'*> Both Polymeric and
lipid-based nanoparticles have been recorded as the most
effective systems.'” Liposomes are artificial fat globules,
have a characteristic of one or more bilayers achieved by
dispersal of either natural or synthetic lipids in water.'*
Moreover, polymeric nano-carriers (PNs) were prepared
via either nanoprecipitation or emulsion method by self-
assembly of biodegradable copolymers with varying
hydrophilicity.'>'® Recently, many studies aimed to inte-
grate polymeric and liposomal systems provide a novel
drug delivery systems termed as the lipid polymer nano-
particles (LPNs).'”'® In contrast to other nano-carriers,
the LPNs offer some characteristic features, as the variety
in structural components, the higher encapsulation ability,
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Figure | Chemical structure of Amoxicillin.

controlling in drug release, improved stability, biocompat-
ibility, and the enhanced permeability.'”** Amoxicillin
(AMX) is one of the most widely used semisynthetic
aminopenicillin

(a-amino hydroxy benzylpenicillin)

drugs, [see Figure 1].2' Amoxicillin is included in all
current therapeutic regimens for H. pylori eradication.”>”
4 The most reported causes of eradication failure of H.
pylori are the patient’s poor compliance with the antibiotic
treatment regimen, antimicrobial resistance, and drug-
related side effects. For complete eradication of H. pylori,
constant concentrations of the antibiotics are required for a
prolonged time.? This can be approached by formulating
an extended-release dosage form of AMX that confirms
prolonged drug release.’®?” The present study was sup-
posed to investigate the efficacy of both Mini-tablets and
lipid/polymer nanoparticle systems as modern and repro-
ducible drug delivery systems for accepted control of
AMX release using both lipid polymers (Cr, GMS) and
chitosan (CN) in different ratios. The formulations, with
the optimal in vitro drug release, would be selected for
antimicrobial activity test and pharmacokinetic study to
investigate its advantage over the marketed tablet.

Materials and Methods
Materials

Amoxicillin  (AMX) was a gift
Pharmaceutical Industries, Egypt. Compritol® 888 ATO-
Cr- (glyceryl behenate NF, Gattefosse” s.a., Lyon, France),
Glyceryl monostearate -GMS- (Loba Chemie Pvt. Ltd.,
Mumbai, India) was purchased from Gattefosse” s.a.,

from Mash for

Lyon, France, poloxamer 188 (Brunsbiittel, Germany),
Chitosan-CN-(50 kDa, 85%degree of deacetylation) was
from Sigma-Aldrich (Sintra, Portugal). Magnesium stea-
rate, talc, and other used chemicals were of analytical
grade or equivalent and were used as received. Klavox
tablets & Chemical

(Spimaco Co., Pharmaceutical
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Industries, Al-Qassim, KSA) were used as a reference
product in the study.

Preparation of AMX Minitab Tablets (AMX-MTs)

The Composition of AMX-MT formulations is presented
in Table 1. The geometric dilution technique was used for
mixing each formula ingredients after accurate weighing.
The powder mixtures were granulated using isopropyl
alcohol. The obtained masses were passed through a 1
mm mesh sieve for granulation. The prepared granules
were dried at 60°C in a hot air oven. Dried granules
were ground sieved through a 500 pm sieve. Granules
that passed sieve (250 pum) were collected mixed with

talc (1%) and magnesium stearate (2%) then compressed

using a single punch tablet press machine fitted with a 4
mm diameter concave punch. Each dose equivalent to 250
mg of AMX and was encompassed 14 mini-tablets.

Preparation of AMX Lipid Polymer Nanoparticles
(AMX-LPNs)

AMX-LPN formulations were prepared by the solvent
emulsification evaporation technique.”® LPNs composi-
tions are expressed in Table 2. Briefly, the lipid solution
in chloroform was prepared. AMX (250 mg) was dis-
solved in 2 mL of prepared lipid solution with a different
drug: lipid ratios as shown in Table 2. Drug-loaded solu-
tion was then emulsified with 20 mL of chitosan solution
(0.5, 1, or 2mg/mL) in acetic acid solution (1% w/v)

Table 1 Composition and Physical Character of AMX-MTs Formulation, Each Dose of Tablets Contain 250 Mg of AMX

*Formula Compitrol GMS Chitosan Average Hardness (Kg/ | Average Friability | Content Uniformity
Code (mg) (mg) (mg) cm’) %) (%)
AMX-MTI 50 - 200 8.25+0.57 0.29+0.12 10041+ 1.25
AMX-MT2 75 - 200 8.16+0.62 0.31£0.24 99.62+ 2.24
AMX-MT3 100 - 200 8.05+0.82 0.15£0.11 98.60+0.95
AMX-MT 4 125 - 200 8.23+0.26 0.35%0.21 99.6+1.24
AMX-MT 5 150 - 200 8.00+0.35 0.24+0.42 101.24£1.02
AMX-MT 6 200 - 200 7.95+0.54 0.40+0.33 100.54%1.25
AMX-MT 7 - - 200 8.24+0.68 0.36+0.41 99.68+0.95
AMX-MT 8 - 50 200 8.43+0.46 0.28+0.32 101.2+1.23
AMX-MT 9 - 75 200 8.24+0.52 0.31£0.11 100.23£1.45
AMX-MT 10 - 100 200 8.10£0.25 0.42+0.05 99.5+2.35
AMX-MT I - 125 200 8.32+0.74 0.35£0.21 101.5+1.35
AMX-MT 12 - 150 200 8.45+0.22 0.42£0.15 100.7+1.85

Notes: *All floating matrix tablets contain 1% talc, and 2% magnesium stearate as a lubricant.

Table 2 Formulation Code, Drug:Lipid Ratio and Chitosan (CN) Solution Concentration (mg/mL), Pl, ZP %EE and % DL of AMX-LPN

Formulations

Formulations | AMX:Lipid Ratio (Cr) | Chitosan Solution (CN) Concentration | PI P % EE % DL
(w:w) (mg/mL) (+ mV)

AMX-LPN | 1:0.5 0.5 0.211+0.015 | 21.5 0.2 | 54.1+2.3 | 38.1%1.3
AMX-LPN 2 | 0.235+0.02 | 22.1+0.9 | 59.5+2.6 | 32.2+I.1
AMX-LPN 3 2 0.225+0.014 | 23.3 £0.2 | 62.2+1.2 | 28.5+0.9
AMX-LPN 4 I:1 0.5 0.264+0.014 | 19.8+0.3 64.1+2.5 | 41.242.3
AMX-LPN 5 | 0.229+0.09 | 20.1£0.7 | 69.7+1.5 | 39.1+0.5
AMX-LPN 6 2 0.301£0.015 | 20.9+0.1 71.1£1.8 | 36.3£1.6
AMX-LPN 7 1:2 0.5 0.251+0.011 | 17.840.2 | 73.7x1.5 | 40.1%1.7
AMX-LPN 8 | 0.33+0.023 182404 | 76.2+2.4 | 35.4+1.2
AMX-LPN 9 2 0.311£0.023 | 18.8£0.8 | 77.9+1.4 | 33.1£0.3
AMX-LPN 10 1:3 0.5 0.221+0.014 | 16.6+0.8 | 84.1xI.1 | 40.1+2.3
AMX-LPN |1 | 0.261+0.013 | 17.01+£0.6 | 86.4x1.4 | 40.3I.1
AMX-LPN 2 2 0.301+£0.003 | 17.3£0.8 | 86.9£0.5 | 39.2+0.6

Notes: Pl, ZP, %EE, and % DL Data are mean value + SD (n = 3).
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containing 25 mg of poloxamer 188 surfactant under ultra-
sonic sonication for 5 min at 300 W ultrasonic energy, and
3-second pauses at room temperature. The organic solvent
was evaporated by stirring overnight at 40°C. The pre-
pared AMX-LPN formulations were separated from the
aqueous solution by centrifugation at 10,000 rpm for 15
min, the sediment was then washed three times with deio-
nized water and, freeze-dried until further work.

In vitro Evaluation of AMX-MTs and
AMX-LPNs Formulations

Characterization of Both Pre-Compression and Post-
Compression Parameters of AMX-MTs Formulations
Powders mixtures were measured for the angle of repose,
compressibility index, and Hausner’s ratio of the powder
mixture. Compressed mini-tablets were evaluated for
weight variation, thickness, diameter, friability, and drug
content uniformity.*

Characterization of AMX-Loaded LNP Particles

Particle size (PZ), polydispersity index (PI), and zeta
potential (ZP) characteristics of AMX-LPNs were defined.
For particle size and zeta potential of AMX-LPN; dynamic
laser light scattering (Zetasizer Ver. 5.11 Malvern) was
used. Freshly prepared samples were diluted (1:100) with
deionized water and sonicated for 15 minutes and mea-

sured in triplicate.

Determination of Percentage of Drug Encapsulation
(% EE) and Percentage of Drug Loading (% DL) in
AMX-LPNs
The percentage of drug encapsulation (% EE) and drug
loading (% DL) of AMX in AMX-LPN formulations were
determined. Freshly prepared samples were suspended in
10 mL distilled water and centrifuged at 10,000 rpm for 15
minutes. The supernatant was separated, diluted, and the
amount of the drug was determined as reported liquid
chromatography method mentioned in Pharmacopeia.””
That reversed-phase C18 column (particle size 5 mm,;
250 X 4.6mm) was used for HPLC separation using a
mixture (96:4v/v) of acetonitrile and phosphate buffer
(pH 5) as mobile phase at a flow rate of 1.5 mL/minute
with UV detection at 232 nm.’® The investigation was
done at room temperature. The % EE and % DL were
determined as following:

EE% = [[(Drug toga- DIUg free)/Drug o] * 100

DL% = [Drug cnirappea/ Weight of particles] * 100

Fourier Transform Infrared (FTIR)

Spectroscopic Analysis

The probable interaction between AMX, lipid, and poly-
mer was examined. FTIR studies were performed using
the FTIR spectrophotometer (Shimadzu 1800, Japan). The
weighted amount of AMX and the selected sample were
mixed with Potassium bromide powder and pressed into
pellets.

Differential Scanning Calorimetry Studies
Thermal behavior of pure drug (AMX) and selected AMX-
LPN formulations representing different drug:lipid ratios
were considered using the differential scanning calorime-
try method (DSC) (Mettler Toledo, Switzerland). Five
milligram samples were packed in aluminum pans and
were heated at a scanning rate of 10°C/min over 40-250°
C temperature range under a nitrogen gas purged with a

flow rate of 30 mL/min.

Surface Morphology Study of Selected

Samples of AMX-LPNs
The surface morphology of the optimized AMX-LPNs

formula was studied by using a transmission electron
microscopy technique (TEM, Philips CM 10, Holland).
To complete the TEM test, five mL suspension of the
formula was pipetted on a 300 mesh copper grid coated
with carbon film and allowed to sit for 15 minutes for
drying. After complete drying, the sample was stained
with a phospho-tungstic acid solution (2%w/v) and left

for air drying at room temperature conditions.

In vitro Dissolution Studies

The release of AMX from MTs and LPNs was determined
using dissolution test apparatus II (USP 24). The dissolu-
tion medium was 900 mL of 0.1 M HCI (pH 1.2), the
temperature was kept at 37°C with a paddle stirrer at 50
rpm. One dose of AMX in MTs or LPN (formula was
dispersed separately in a dialysis bag) was kept in the
dissolution vessel. At each predetermined time interval,
an exactly measured sample of the dissolution medium
was withdrawn and replaced with an equal volume of a
prewarmed fresh medium. The amount of AMX in with-
drawn samples was measured by the HPLC method men-
tioned in section 2.3. All results were expressed as an
average of three trials.
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Mechanism and Kinetics of Drug Release
All release data were studied according to zero-order, first-
order, Higuchi, Hixon—Crowell, Peppas, and Weibull kinetic
equations. DDSolver, which is an add-in program for
Microsoft Excel for modeling and comparison of drug release
profiles was used. The model with the highest coefficient of

determination (R*) was considered to be the best fitting one.”!

Stability Studies

Short-term stability of optimized Formula (AMX-LPN11)
was conducted. The samples were kept at 4°C, 25°C, and
40°C for 45 days. Samples were store in sealed vials and
wrapped in aluminum foil and kept at a specified tempera-
ture. Samples were taken after 15, 30, and 45 days and any
changes in appearance, drug content, particle size, and zeta
potential were reported.

In vitro Antimicrobial Activity

Assessment

MT and LPN formulations of AMX which exhibited optimal
drug release features were selected for further evaluation of
its antimicrobial activity. H. Pylori strain (ATCC 700392/
26695) was used for assessment of antimicrobial activity of
the selected formulations. Equivalent concentration of AMX
from commercial tablets was suspended in 1 mL sterile water
and used as a control. The bacterial susceptibility to AMX
from MT, LPN, and control was performed using the agar
plate diffusion method as mentioned in Clinical and
Laboratory Standards Institute guidelines of the CLSL*
The inhibition zone was then measured in mm with a slide
caliper scale. In addition, the minimal inhibitory concentra-
tion test (MIC) was carried out by the microdilution broth test
as described in the guidelines of the CLSL* MIC was
described as the lowest concentration of the tested formula
that inhibits the growth of bacteria compared to the control
well, triphenyl tetrazolium chloride (TTC) was used as stain-
ing material. Loopfuls were taken from all wells which
showed no growth, were inoculated onto Mueller Hinton
agar plates using the streak plate method.>**> All tests were
completed three times and all the results were presented as
mean values + SD.

In vivo Pharmacokinetic Study of AMX in
Wistar Rats

Animal Dosing and Scheme of Sampling

The in vivo study was approved by the ethical committee of
bioavailability unit/Cairo University (no. N/A 161). The

experiment was conducted in accordance with the reported
principles of animal care reported by The European center
for the validation of alternative methods (Dichl et al, 2001).
Twenty-four male Wistar rats (190-220 g) were used in the
study. Rats were divided equally and randomly into three
groups (n=8). Each group was striking and housed in separate
cages. Animals were having full and free access to food and
water before and during the experiment. For the first group,
an aliquot of AMX-PLNI11 weight was suspended in deio-
nized water and an oral dose of AMX was given to each rat
via rat oral tubing. MTs with an equivalent dose of AMX
were broken and delivered with an adequate volume of water
to the second group. While equivalent weight of commercial
tablets was also broken and given with water to the third
group tablet. 0.5 mL of blood samples were collected in
graduated microtainer, with lithium heparin, at zero, 0.5, 1,
2,4, 6,8, 12, and 24 h. Plasma samples were centrifuged
(Hettich Zentrifugen, Germany) at 4000 rpm for 15 minutes
and kept at —20°C till assayed.>’

Chromatographic Analysis of AMX in Plasma Samples
The AMX concentration in each plasma sample was
assayed according to the published Matar assay.>® After
validation for the method selectivity, precision, accuracy,
linearity, and stability. Briefly, AMX and cefadroxil (IS)
were assayed using a C;g column (150 x 4.6 mm, Sum)
with a mobile phase (Methanol: 75 M potassium dihydro-
gen phosphate buffer solution) 10:90, v/v, at a flow rate of
1.5 mL/min. The assay was conducted at room tempera-
ture and a UV detector at 230 nm.

Data Calculation and Analysis

The concentrations of AMX in plasma were presented as
the mean + SD and pharmacokinetic parameters were
calculated by the model-independent method. The mean
maximum concentration (C..,) of AMX and the time
(Tmax) to reach C,.. were also calculated. The area
under the drug concentration time curve (AUCg.4, Mg
mL™" h) was calculated by the linear trapezoidal rule.
The relative bioavailability (F) with the commercial pro-
duct was also estimated.

Statistical Analysis of the Results
Calculation of statistical differences in in vitro data was
done by SPSS Statistics 20 (Armonk, NY, USA) using
one-way ANOVA with an extended LSD post hoc test
for the calculation of pharmacokinetic parameters, and P
value <0.05 was considered significant.
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Results and Discussion
Pre-Compression Parameters of Powder

Mixtures

Results showed that the angle of repose of all powder
mixtures (MT1-MT12) ranged from 24.3° to 26.7° indi-
cating an excellent flow property of all powder mixtures.*’
Bulk and tapped density of the formulations powder mix-
ture varied from 0.384 to 0.5450 gm/cm?® and from 0.532
to 0.601 gm/cm’, respectively. Hausner’s ratios and com-
pressibility indices ranged from 1.11 to 1.20 and 19.04%
to 20.98%, respectively. The flow properties results for
granules are acceptable.®® The values of compressibility
indices further confirmed the good compressibility of the
prepared granules.”

Post-Compression Parameters for AMX-
MTs

Regarding appearance, all mini-tablets formulations were
yellowish-white or buff white, all showed round concave,
smooth surface with no visible abrasions or cracks. The
mean diameter of all MTs was 4.0+ 0.0 mm while the
average thickness was ranged between 3.4 and 4.5 mm.
Mean hardness was in the range of 7.95+0.54 and 8.45
+0.22 Kg/em® proving that the MTs are of adequate
strength to tolerate physical abrasion.*” The friability test
results showed that the loss of weight in all formulations
was less than 1% which is a proof of acceptable mechan-
ical resistance of the MTs.*! The percentage of drug con-
tent (14 mini-tablets) ranged from 98.60+0.95 to 101.24
+1.02% which met the pharmacopeial requirements (90—
110%).** Since the powder mixtures were free-flowing,
All the MTs were of uniform weight owing to uniformity
in die fill. The mean weight of 20 MTs was 50+ 0.0 mg.

Characterization of AMX-Loaded LPNs

The particle size (PS), polydispersity index (PI), and zeta
potential (ZP) for all formulas were defined immediately.
The results are presented in Table 2 and Figure 2. AMX-
PLNs particle size was ranged between 235+34 nm and
390 + 28 nm for AMX-PLN1 and AMX-PLNI12, respec-
tively. The results showed a direct relationship between PS
and lipid/polymer concentration in the formula that the
largest PS was for AMX-PLN12 which has the highest
lipid and polymer content. The increase in the diameter of
lipid/polymer nanoparticles by the increase of lipid and
polymer concentrations was reported in many researches.
in glyceryl

Trotta M. mentioned that an increase

" - ° v
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: ’ "
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Figure 2 TEM image of optimized AMX-LPNs formula.

monostearate (GMS) nanoparticles size was observed
with the increase in GMS percentage.*’ Similar observa-
tions were reported by Anwer MK et al.** The PI values of
AMX-PLNs were reached between 0.21140.15 and 0.33
+0.23 for AMX-PLN1 and AMX-PLNS, respectively, no
relationship could be reported regarding lipid/polymer
content and PDI of AMX-PLNs formulations, but small
values showed that all formulations are monodispersed
particles. The ZP values were ranged between +23.3 and
+16.6 mV for AMX-PLN3 and AMX-PLNI10, respec-
tively. All formulations showed ZP less than 25 mV, so
all can be considered as a stable colloidal dispersion. The
magnitude of the charge was increased with the increase in
the chitosan content and decreasing in the lipid content
and vice versa.*> The morphology study of the optimized
formula (AMX-PLN11) showed that the particles have a
dense and rough spherical appearance with minimal parti-
cle aggregation-Figure 2.

Determination of Percentage
Encapsulation Efficiency and Drug Loading

of AMX-LPNs

The encapsulation efficiencies and drug loading of AMX
in LPN1- LPN-12 were measured and expressed as EE%
and DL%. The EE% represents the total amount of the
entrapped drug, and the DL% showed the drug content in
AMX in LPNs. The EE% of AMX-LPN1 and AMX-
LPNI12 were ranged between 54.1-86.4%, respectively,
and the DL% was ranged between 28.5+0.9 and 41.2
+2.3%, for AMX-LPN4 and AMX-LPNI3, respectively
(Table 2). A significant difference was observed in %EE
and % DL were observed between formulations at p level
<0.01, these variations can be explained based on the
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differences in the concentration of lipid and polymer. The
results showed that an increase in encapsulation efficiency
of AMX in LNPs was observed with the increase in lipid
concentrations, which could be explained based on
increasing the ability of lipids to hold the drug and
decrease the drug flow to the outer medium. Also, the
increase of CS content leads to a better hindrance to
drug diffusion.

Differential Scanning Calorimetry (DSC)
Study

DSC spectra for pure AMX and selected formulations
were characterized over 40-250°C. Figure 3. The DSC
of AMX showed a sharp endothermic peak at 136°C.
Thermograms of the selected formulations showed no
shift in the endothermic peak, but a reduction in intensity
compared to pure AMX was observed due to decreasing in
drug content in formulations.

FTIR Analysis Results

The FTIR analysis was used to study the compatibility of
amoxicillin, with lipid and polymer in the AMX-LPNs at the
four different (w/w) ratios as presented in Figure 4. The FT-
IR spectrum of amoxicillin showed a band at 3475 cm ™,
representing O-H, N-H stretching vibration and other repre-
sentative peaks at 1767 cm ' due to C=O stretching of -
lactamic, another peak was showed at 1680 cm ' due to C=0
stretching of amide and peaks at 1589 cm™ ' showing asym-
metric stretching of carboxylate.** Spectrums of AMX-PLNs
formulations revealed that there is no alternation in the main
functional groups results from the incorporation of AMX into

w

e e AVKPLNIO

\/\,_.—'\—\/_.\_/—_,—\_—fw AMX-PLN7
W AMX-PLN4

w AMX-LPN1

L 1 1 L L Il 1 1 1
60 80 100 120 140 160 180 200 220 240

Temperature (°C)

Figure 3 DSC thermograms of AMX, AMX-LPNI, AMX-LPN4, AMX-LPN7, and
AMX-LPNI0.

the lipid-polymer nanoparticles; thus, it confirms the stability
of the drug.*®

In vitro Release Study

In vitro Release Study of AMX — Mini-Tablets

In vitro drug release experiments were completed to study
the probability of extending the release of AMX using
chitosan in different concentrations, also, to evaluate the
effect of using Cr and GMS in different ratios on the delay
of drug release. The in vitro dissolution profiles of AMX
from MTs in 0.1 N HCI for 8 hours are shown in Figure
5A and B. All formulations (MT1-MT12) retained their
integrity during the release studies, with a slow shrinking
of the thickness due to polymer dissolution. It was
detected that polymers undergo synchronized swelling,
dissolution, and diffusion into the medium, resulting in a
gradual reduction of the tablet size and strength.

MT-1, MT-2 and MT-3 showed burst release since about
28.5%, 26.3%, and 23.2% of AMX released in 30 minutes,
respectively (Figure 5A). The rapid initial burst could be
interpreted on the base of the low content of Cr, the formed
protective gel layer was not able to control the release of the
drug,*’” and about 100% of the drug was released within
about 4 hours. So MT-1, MT-2, and MT-3 did not show the
estimated sustained release features. Whereas, formula MT-
4, MT-5, and MT-6 containing higher lipid polymer ratio
released 19.1%, 17.5%, and 15.2% of AMX, respectively,
in 30 min. The increase in lipid polymer content in the
Mini-tablets (MT-4, MT-5, and MT-6) leads to a significant
decline in the drug release (p<0.05) in the acidic medium by
making thicker hydrophobic insoluble mass that acts as a
better hindrance to drug diffusion and consequently, both
the initial burst and release rate were decreased.*® Near
inspection of tablets showed that the degree of their defor-
mation was greater for those of higher CN content and low
Cr content. That drug dissolution creates more holes in
matrix structure facilitated the permeation of water into
the matrix inner, helping diffusion of more drug from the
Mini-tablets. These results, strength that the main reason
why increasing Cr content in tablets, prolongs drug dissolu-
tion significantly. The in vitro release profiles of MT7-
MTI12S are shown in Figure 5B, it displays that GM-
based Mini-tablets showed higher release rates compared
with Cr based one. The difference in release between Cr,
and GM Mini-tablets might be understood on the base of
HLB value of the lipid polymers. GM has higher HLB (3.8)
and consequently had a lower ability for controlling drug
release, compared to Cr of lower HLB (2).4
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Figure 4 FTIR spectra of AMX, AMX-LPNI, AMX-LPN4, AMX-LPN7, and AMX-LPN 0.

Our study disclosed that mutual use of lipid-based poly-
mers, namely, Cr and CN extended drug release significantly.
Hydrophilic polymers depend on water absorption and gel
formation, which subsequently allow drug diffusion from the
matrix. When a lipid-based polymer is simultaneously pre-
sent in the matrix, its lipophilic character can diminish water
uptake by the matrix. Consequently, drug diffusion from
tablets is reduced to yield a sustained release profile for a
prolonged time. A similar observation was reported by
Xiaochen Gu et al* Considering the release pattern MT-6
was considered as the optimum formulation. The formula
was selected for further in vivo pharmacokinetic studies.

In vitro Release Study Results from LPNs

Figure 6A-D showed the in vitro release patterns of AMX-
PLN formulations. The dissolution rate profile of AMX from
LPNI, 2, and 3 showed (Figure 6A) that rapid release of the
drug was observed during 30 minutes that about 58.5+2.5%,
55.3142.5%, and 50.20+ 2.31% of the drug were released from
AMX-LPNI1, AMX-LPN2, and AMX-LPN3, respectively.
Rapid release of the drug was shown and more than 95% of
drug content was released within 6 hours. The results could be
interpreted on the base of the low lipid content of these for-
mulas and the ease of drug diffusion to the surrounding media.
The rapid release pattern of the drug was also observed from

LPN4, 5, and 6; that 85.1£1.5%, 80.11+2.2%, and 75.23+
1.41% of drugs were released from these formulas, respec-
tively (Figure 6B). These results revealed that using AMX and
lipid in a ratio of 1:1 was not sufficient to achieve the required
hindrance of drug release to achieve a required sustain release
profile of the drug. The increase in the drug: polymer ratio to
1:2 showed significant control of drug release at level p<0.5 as
shown in Figure 6C, that burst release of the drug was observed
due to the surface drug particles followed by slow release up to
7 h specially for AMX-LPN9 formula. The in vitro release
profile of the formulations AMX-LPN10, AMX-LPN11, and
AMX-LPN12 showed an accepted ability of LPNs to control
the release of the drug up to 8 h (Figure 6D). The release was
observed as a burst phase and a controlled release phase. In the
burst phase, the release of the drug was observed 29.4+2.1%,
22.2140.2%, and 18.13+ 2.01%, for AMX-LPN10, AMX-
LPNI11, and AMX-LPN12, respectively. Controlling of drug
release can be interpreted on the base of two factors, (a) the
presence of the coating polymer that absorbs water and swells.
Therefore, the drug is released through the formed pores,
increasing in polymer concentration will form more narrow
pores for drug flow. (b) the lipid is used for formulating
nanoparticles that have a low water-absorbing ability, so it
acts as a second barrier for drug release. These observations
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Figure 5 (A, B) In vitro dissolution profiles of AMX from Mini-tablets formula-
tions (A) for MTI-MT-6, (B) for MT-7-MT-12 in 0.IN HCI. Each point is a mean
value of three tablets.

were consistent with other literature reports that reported such a
biphasic release pattern for nano lipid-encapsulated drug
molecules.”® > The rate and amount of AMX released from
AMX-LPNI12 at all points and up to 8 hours were non sig-
nificantly higher compared to AMX-LPNI11. Based on the
results, the AMX-LPN11 formula was selected for further
investigation for its stability, in vitro antimicrobial activity,
and in vivo bioavailability study. In addition, a correlation
between in vitro release data and in vivo kinetics data was
conducted.

Study of Release Kinetics

In order to study the release kinetics of AMX from Mini-
tablets and nanoparticles system, the results of in vitro
release test of optimum formulations were studied using
the model-dependent methods, zero-order model, first-
order model, Higuchi model, Peppas model, and Hixson—
Crowell model (Table 3). Conditions for choosing the most
fitting model were based on the value of the coefficient of
determination (RZ) nearer to one.> Concerning MT6; the

highest values of R? were after fitting into Peppas equation.
Also, the value of “n” was determined to describe the release
as Fickian or non-Fickian diffusion.>® The n values for MT6
(n= 0.40) have shown a Fickian diffusion mechanism of
AMX from this mintablet.

The regression coefficient (R*) of AMX-LPNII
showed that the Peppas power law had the best fit for
the release data. The release exponent (n) was 0.43 for
AMX-LPN11, demonstrating that the mechanism of AMX
release from the LPN system is expressed by Fickian
diffusion, that the release of AMX from these systems is
controlled by diffusion through channels formed within
the hydrogels and lipid polymers. These results are in
agreement with another study stated by Zhang, L. et al.>°

Stability Studies

The selected formula (AMX-LPNI11) was subjected to
short-term stability studies at 4°, 25°, and 40°C for 45
days. After storage under these conditions, particles were
observed for changes in appearance, %EE, particle size,
and zeta potential (Table 4). Storage of the samples at 4°
and 25°C conditions did not result in considerable changes
in the physical properties of tested samples regarding color
and appearance via the visual inspection, while noticed
aggregation and darkling in color was observed for sam-
ples stored at40°C. No significant change (p<0.5) was
observed in particle size when they were stored at 4° and
25°C for 45 days, but a significant increase in the size of
particles at level p <0.5 was recorded when the particles
were stored at 40°C due to aggregation. Also, there was no
significant change between the zeta potential of fresh
particles and particles kept at 4° and 25°C but zeta poten-
tial decreased to 9.01+1.4 after 45 days For particles
stored at 40°C. This could be interpreted on the base of
lipid dissolution which leads to aggregation of particles.
Although the results showed accepted stability of LPNs;
further longer studies are required to guarantee the stabi-
lity of LPNs under different storage conditions.

In vitro Antimicrobial Test Result

Table 5 showed the in vitro antibacterial activity of the
optimum formula of AMX-MTs and LPNs in comparison
to commercial AMX product against H. pylori. MT-6 and
LPN-11 showed a significantly higher antibacterial activity
compared to control as shown by their significantly wider
zone of inhibition at level p < 0.001. The zones of inhibi-
tions were 33.2+2.5 and 34.1+1.3 for MT-6 and LPN-11,
respectively, compared with 28.5+1.8 for control. These
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Figure 6 (A-D). In vitro dissolution profiles of AMX from LPNs formulations for (A) LPNI-3, (B) LPN4-6, (C) LPN7-9, (D) LPN10-12 in 0.IN HCI. Each point is a mean

value of three trials.

results were further definite by MIC study results; the MIC
of MT-6 and LPN-11 were around two-fold lower than
those of control. It is approved that; designed formulations
of AMX as minitabs and Lipid/polymer nanoparticles
increase the ability of the drug to diffuse through the
agar media and the greater the drug uptake through
the bacterial cell wall, this was in good agreement with
the formerly reported study by Khan, A.et al.>*

In vivo Bioavailability Study Results

Pharmacokinetic study of the optimized Minitablet (MT-6)
and lipid polymer nanoparticle (LPN11) of AMX com-
pared with marketed tablet (Klavox®™ tablets 500 mg)
were investigated following oral administration to rats.
The plasma concentrations of AMX after oral administra-
tion of AMX-MT6, AMX-LPN11, and commercial tablets

are presented in Table 6 and Figure 7. All AMX dosage
forms show the same onset of action = 0.5+0.03h. Mean
peak drug concentration of AMX-LPN11 C,, (1.94£0.03
pg/mL) was higher than that of market product (1.79
+0.7ug/mL) and MT-6 (1.88+0.1pg/mL). The mean time
to reach the peak concentration (t,,.x) Was equivalent, that
no statistically significant difference (P>0.01) was
observed amongst the t,,, values of the three samples.
The AUC_,4 value was 23.61+3.20, 42.49+4.0, and 43.68
+4.3 (pghmL™") for commercial product, MT-6, and
LPN11, respectively; recommend that LPN11 exposed
both the highest rate and extent of drug absorption; how-
ever, market tablets showed the lowest rate and extent of
absorption. The relative bioavailability of MT-6 and
LPNI11 were 1.80 and 1.85, respectively. Literature has
reported that the structural integrity of the nanoparticles

Table 3 Study of in vitro Release Kinetics Data for AMX from Selected Mini-Tablets and Lipid/Polymer Nanolipid Systems

Formulation Zero Order R? First Order R?

Higuchi Model R?

Korsmeyer—Peppas Model R? n Hixson Crowel R?

MTé6
LPNII

0.881
0.616

0.670
0.714

0.891
0.970

0.978
0.988

0.40
0.43

0.376
0.412

Abbreviations: RZ, regression coefficient; n, release exponent.
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Table 4 %EE, PS, ZP of AMX-LPNI| Under Different Storage Conditions for 45 Days
Storage Temperature (°C) Time of Testing (days) %EE PS (nm) ZP(+ mV)
4 15 87.1+0.4 385+ 18 17.11£1.6
30 86.1%1.1 386 + 22 18.21+£0.9
45 86.3x1.6 385 £ 20 17.88+1.8
25 15 85.8+0.9 386 £ 8 16.61£1.26
30 85.9+1.1 388+ 10 17.21£1.5
45 86.0+0.4 390 £ | 16.88+0.6
40 15 85.8%1.3 400 + 28 10.51+2.1
30 86.1+0.5 411 £ 11 10.09+0.6
45 85.6+1.7 425 + 25 9.01+1.4

Table 5 Mean Results £SD for Microbiological Tests of Selected
AMX-PLN Formula

Test AMX- AMX- Control
LPNII MTIO (Commercial
Product)
Inhibition zone (mm) | 34.1x1.3 | 33.2+2.5 | 285+1.8
MIC (pg/mL) 15+3.2 16+3.2 32426

Table 6 Pharmacokinetic Parameters of AMX After Oral
Administration of AMX-LPNI | and Commercial Tablets in Rats

Pharmacokinetic AMX- AMX- Commercial
Parameter LPNI I MTIO Tablets
Crnaxs Mg/mL 1.941+0.3 1.8810.1 1.79+0.7
Tmax hr 2.110.1 2.0+0.05 2.0 +0.2
AUCg.54, ugml 'hr 43.68 £ 43 | 4249 £ 4.0 | 23.61 +3.20
MRT, hr 12.1 1.9 10.5

Rel F 1.85 1.80

is an important factor for enhancing the oral absorption of
the drug to its site of action.’”>® Similar results have been
mentioned in another study, where the bioavailability of
enoxaparin-loaded LPNs was 4.5-fold higher than the con-
trol solution.”® These results are also in good agreement
with Anwer et al, results who reported a significant
increase in the bioavailability of Delafloxacin-LPNs com-
pared with the normal suspension.*?

Although the higher relative bioavailability of AMX
from LPNs compared MTs, the simplicity, scalability, and
reproducibility in manufacturing Mini-tablets, will give it
higher opportunity on the industrial level.

In vitro/In vivo Correlation
In an attempted to discover the relationship between AMX
plasma concentration and drug released from selected

minitablet formula (MT6) and Lipid/polymer nanolipid
formula (LPN11) in the dissolution medium. Plasma con-
centrations of drug absorbed (FA) were plotted against the
fraction of drug released (FD) in vitro at the same time of
0.5, 1,2, 3, 4,5, 6, and 8 hours (Figure 8). The linear
regression analysis showed that a statistically significant
relationship (R*=0.9864) existed between the FD and FA
for the Mini-tablets and was best described by the follow-
ing equation: y=0.9667x —0.0267; and y= 0.9067x
—0.0204 for LPN11. The slope and intercept were close
to 1 and 0, respectively, indicating that the in vivo fraction
absorbed could be predicted from in vitro dissolution data.
Discovering a relation between the in vivo absorption and
in vitro drug release from a controlled-release dosage form
is an important part of the dosage form development
process.”’ Presented study showed a good relationship
between the in vitro dissolution data and the in vivo
pharmacokinetic data.

Conclusion

This study has confirmed the suitability of mixing hydro-
philic polymers with lipid-based polymers to extend drug
release from Mini-tablets and Lipid/polymers nanoparti-
cles systems. According to the results, optimal formula-
from both Mini-tablets
nanoparticles are able to control the release of AMX

tions and Lipid/polymers
along with significant improvement in in vitro antimicro-
bial activity. The in vitro release profiles were modified by
using different Chitosan concentrations and different ratios
of lipid polymers. Analysis of the release data showed that
drug release form optimal formulations followed diffusion
according to fickian diffusion release mechanism. Both
Mini-tablets and Lipid/polymers nanoparticles systems
showed greater relative bioavailability of AMX than the
reference tablets. An accepted correlation was defined

Drug Design, Development and Therapy 2020:14

submit your manuscript

5415

Dove


http://www.dovepress.com
http://www.dovepress.com

Gaber et al

Dove

2.5
2.25

1.75

.
0

1.25

0.75

Plasma concentration (pg/mL)
=
wn

0.25

—@i—commercial tablets
AMX-LPN11

——MT6

12

Time (Hours)

15 18

Figure 7 AMX plasma concentration (mean * SE) time profiles in rats after oral administrations MT6, AMX-LPNI |, and commercial tablets.

09 y =0.9783x+0.0187
R2=0.984 ¢

038

0.7 =2
x |
g y = 0.9667x - 0.0267
Z 06 R?=0.9864 @
o *
o
@ 0.5 y = 0.9067x - 0.0204
-4 ‘ 2
o R?=0.9957 N .
b # Market product
204 * 4]
z . u mMT6
E 03 LPN11
& * n

0.2

|
0.1 *
4]
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

FRACTION DISSOLVED OF AMX
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between the in vitro release data and the in vivo pharma-
cokinetic data. These results confirmed that both con-
trolled-released Mini-tablets and Lipid/polymers would
be encouraging the delivery system for extending drugs
action. Although the higher bioavailability of LPNs; the
simplicity and reproducibility in manufacturing Mini-
tablets will give it an advantage over the nanoparticles

system.
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