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Herein, we designed a novel gastroretentive drug delivery system as floating matrix tablets based on a
polysaccharide material from linseeds (Linum usitatissimum L.) for fluoroquinolone antibiotics. A number
of formulations were designed with a combination of linseed hydrogel (LSH) and different excipients to
obtain a desired sustained release profile of moxifloxacin. The drug release study was performed basically
at pH 1.2. However, the tablet may pass through the stomach to intestine due to certain reasons then it
also offered sustained drug release at intestinal pH 4.5, 6.8 and 7.4, as well. Results indicated that sus-
tained moxifloxacin release was directly proportional to the concentration of LSH and the release of drug
followed non-Fickian diffusion. SEM of the tablets indicated porous nature of LSH with elongated chan-
nels which contributed to the swelling of the tablet and then facilitated the discharge of moxifloxacin
from the core of the tablet. In vivo X-ray study was performed to assess disintegration and real-time float-
ing of tablet that confirmed its presence for 6 h in the stomach. These findings indicated that LSH can be
used to develop novel gastroretentive sustained release drug delivery systems with the double advantage
of sustained drug release at all pH of GIT.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction ent techniques are employed to retain the dosage forms in the

stomach (Waterman, 2007), i.e., floating or low-density dosage

In the orally administered dosage forms, the pH of the gastroin-
testinal tract (GIT) has played a major role in the absorption of the
drugs. Most of the drugs are absorbed from the upper part of the
GIT (stomach, duodenum and jejunum), therefore, the retention
time of the dosage form in these parts plays a vital role in the ther-
apeutic efficacy of the drugs (Awasthi and Kulkarni, 2016). One
approach to increase the absorption and bioavailability of the drug
is to increase the retention time in the upper part of the GIT. Differ-
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forms (Rao et al, 2013; Singh and Kim, 2000), mucoadhesive
(Mansuri et al., 2016), high-density forms (Mandal et al., 2016),
expansion of dosage forms by swelling or unfolding of the excipi-
ents (Klausner et al., 2003) and modified shape systems
(Urguhart et al., 1994), etc. These gastro-retentive drug delivery
systems have shown many pharmacodynamics and pharmacoki-
netics advantages (Hwang et al., 1998; Hoffman and Stepensky,
1999).

Naturally occurring polysaccharides exhibited high swelling
indices at various physiological pH and stimuli-responsive swel-
ling/deswelling against different solvent systems (Haseeb et al.,
2016; Muhammad et al., 2016; Ashraf et al., 2017), hence, drawn
the attention of the researcher to use these polysaccharides in var-
ious biomedical fields (Lodhi et al., 2019; Ashraf et al., 2018; Shelke
et al., 2014; Imre and Pukanszky, 2015). Flax is one of the oldest
crops and its seeds (flaxseeds/linseeds) are the rich source of car-
bohydrates (15-20%) (Barbary et al., 2009; Kaewmanee et al.,
2014). Upon soaking in hot water, linseeds excreted mucilage
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which is mainly composed of rhamnogalacturonans (higher molec-
ular weight fraction (1510 kDa) and lower molecular weight frac-
tion (341 kDa)) and arabinoxylan (Cui et al., 1994; Qian et al,,
2012a; Qian et al., 2012b). Hot water extracted linseed hydrogel/-
mucilage (LSH) is considered a safe excipient (Haseeb et al., 2018)
as well as exhibiting diverse biomedical applications such as
reducing and capping agent for the synthesis of silver nanoparti-
cles and incorporated in wound healing dressing (Haseeb et al.,
2017a), stimuli-responsive oral sustained release drug delivery
system (Haseeb et al., 2017b), development of nanoparticle carrier
system for anticancer drug (Hseeb et al., 2019), mucoadhesive
beads (Hasnain et al., 2018), nasal gel (Basu et al., 2007) and micro-
spheres (Nerkar et al., 2011).

Literature (Haseeb et al.,, 2016, 2017) indicates that LSH has
shown negligible swelling at pH 1.2, therefore, our aim was to
design LSH-based sustained release gastroretentive drug delivery
system for fluoroquinolone antibiotics with the help of a channel-
ing agent (pB-cyclodextrin) and swelling agent (HPMC). Fluoro-
quinolones are soluble at acidic pH and may precipitate at
neutral or slightly basic pH of the intestine which adversely affects
the absorption and bioavailability of these drugs. To overcome
such problems associated with acidic soluble drugs, we selected
moxifloxacin as a model drug for the development of gastroreten-
tive controlled/sustained release drug delivery system with a main
focus to release the active ingredient in the acidic environment
(upper part of the GIT, i.e., stomach) for a maximum period of time.
Furthermore, our focus was also on the evaluation of floating and
swelling properties of the formulations and effect of the concentra-
tions of excipients on drug release from the formulations. In vivo
behavior of the tablet formulation in the stomach was also the
focus of this research. In some cases, floating tablets may pump
to the intestine, therefore, we are reporting a novel and precise
gastro-retentive formulation with the double advantage of sus-
tained release at all pH of GIT.

2. Materials and methods
2.1. Materials

Linseeds were procured from Pansari inn, Pakistan. Linseeds
were de-dusted and cleaned from physical impurities, and stored
in an airtight container at ambient temperature. Microcrystalline
cellulose (Avicel® PH 102) and HPMC K100M were procured from
Merck, Germany. Moxifloxacin used in this research was according
to the specification of United States Pharmacopoeia (USP). The KCI,
NaOH, n-hexane, potassium dihydrogen phosphate and HCI were
purchased from Riedel-de Haén, Germany. Magnesium stearate,
polyvinylpyrrolidone K30 (PVP K30), talcum, sodium bicarbonate
and p-cyclodextrin were procured from Sigma-Aldrich, USA. Lin-
seeds hydrogel (LSH) was separated from linseeds using a nylon
mesh. Deionized water was used for the entire study.

2.2. Isolation of LSH

LSH was isolated as per a previously reported method (Haseeb
et al., 2016). Briefly, linseeds (200 g) were washed thoroughly with
deionized water and then soaked in 1000 mL deionized water.
After 48 h, soaked seeds were heated at 80 °C for 30 min. Mucilage
extruded from seeds were separated by nylon mesh and washed
thoroughly with n-hexane to remove lipophilic components and
then deionized water. To isolate LSH, mucilage was centrifuged
at 4000 rpm for 30 min and dried at 60 °C in a vacuum oven for
24 h. Finally, dried LSH was milled, passed through mesh no. 40
and stored at ambient temperature in an airtight container.

2.3. Drug-excipient compatibility study

In order to characterize LSH and find any potential incompati-
bility with other ingredients of tablet formulation, Fourier trans-
form infrared (FT-IR) spectroscopy was used. KBr pellet
technique was employed for FTIR analysis and spectra were
recorded on IR Prestige-21 (Shimadzu, Japan) from 4000 to
400 cm~ .

2.4. Preparation of tablets

For each tablet formulation (Table 1), all ingredients except tal-
cum and magnesium stearate were passed through sieve no. 40
and mixed thoroughly before kneading with 5% (w/v) solution of
PVP K30 in isopropyl alcohol. Damp mass was granulated by pass-
ing through sieve no. 10 and dried at 40 °C for 8 h. Dried granules
were further passed through sieve no. 20 and lubricated with tal-
cum and magnesium stearate. Lubricated granules were evaluated
through pre-compression parameters. Granules were then com-
pressed using 15 mm flat surface punch with the hardness of
7.5-9.0 kg/cm?. Prepared tablets were evaluated through post-
compression parameters.

2.4.1. Pre-compression evaluation

Before feeding into tablet compression machine, lubricated
granules of each formulation were evaluated for flow properties
and compressibility by determining the angle of repose, loose
and tapped bulk density, Hausner ratio and compressibility index
(Lachman et al., 1987).

The angle of repose (0) was determined by the fixed funnel and
cone method. The funnel was adjusted at a specific height from a
flat plane surface. Granules were allowed to flow freely through
the funnel until the top of the heap formed just touched the lower
tip of the funnel. The angle of repose was calculated using Eq. (1):

h
—tan~! -
0 =tan - (1)

where 0 is the angle of repose, h is the height of heap (cm) and r is
the radius of the heap base (cm).

Weighed lubricated granules (W) were taken in a graduated
cylinder and volume (V;) was noted. Loose bulk density (D;) was
determined using Eq. (2):

w
Dip = v (2)

Tapped bulk density (D) was calculated by tapping the gradu-
ated cylinder filled with a measured amount of lubricated granules
(W) until no further change in the volume of these granules was
observed. The final volume of granules (Vy) was noted and tapped
bulk density was calculated using Eq. (3):

w
Drg = —
=y, 3)
Values of loose bulk density (D;3) and tapped bulk density (Drg)
were used to determine the compressibility index (C;) and Hausner
ratio (H,) as shown in Eqgs. (4) and (5), respectively.

C = D — Dis % 100 (4)
Drg
_Dn
H =D (5)

2.4.2. Post-compression evaluation of LSH tablets
Compressed tablets were evaluated for diameter, thickness,
hardness, friability, and weight variation (Lachman et al., 1987).
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Table 1

Composition of formulations to study the effect of ingredients on the release of moxifloxacin from LSH based tablets.
Formulations composition (mg) FO FF F1 F2 F3 F4 F5 F6 F7 F8
Moxifloxacin 400 400 400 400 400 400 400 400 400 400
Linseed hydrogel (LSH) - 30 20 40 30 30 30 30 30 30
B-cyclodextrin 130 130 130 130 100 160 130 130 130 130
Sodium bicarbonate 100 100 100 100 100 100 70 130 100 100
HPMC K100M 20 20 20 20 20 20 20 20 10 30
Avicel® PH 102 105 75 85 65 105 45 105 45 85 65
PVP K30 10 10 10 10 10 10 10 10 10 10
Magnesium stearate 20 20 20 20 20 20 20 20 20 20
Talcum 15 15 15 15 15 15 15 15 15 15
Weight of each tablet 800 800 800 800 800 800 800 800 800 800

Uniformity of moxifloxacin
determined.

Prepared tablets were assessed for diameter, thickness, and
hardness using a hardness tester (Pharma Test, PTB 311E, Ger-
many). Each test was performed on randomly selected ten tablets
from each formulation and mean value was reported along with
standard deviation (SD).

To determine weight variation in each formulation, twenty
tablets were selected randomly and carefully weigh each tablet
on an analytical balance (Shimadzu, Japan). The mean weight and
SD were calculated and reported.

Ten tablets from each formulation were randomly selected,
accurately weighed, placed in a chamber of friability tester
(Pharma Test, PTF 10E, Germany) and allowed to rotate at
25 rpm for 4 min. Tablets were removed from the chamber, gently
cleaned from dust particles and accurately weighed. Friability was
calculated in terms of percentage weight loss using Eq. (6):

in prepared tablets was also

Weight loss(%) = w x 100

1

(6)

where W; and W are the weight of the tablet before and after fri-
ability test, respectively.

To determine the amount of moxifloxacin in the formulations,
ten tablets from each formulation were picked randomly and sep-
arately crushed in pestle and mortar. Crushed powder (800 mg) of
each formulation was mixed vigorously with methanol in a volu-
metric flask, filtered, diluted (if required) and analyzed on UV spec-
trophotometer (UV PharmSpec 1700, Shimadzu, Japan) at 295 nm.
The amount of moxifloxacin was calculated from the calibration
curve. Procedures were repeated three times and the mean value
was reported.

2.5. Swelling study

The swelling study was carried out to determine the swelling
capacity of the prepared formulation (El-Zahabay et al., 2014;
Awasthi and Kulkarni, 2012). Tablets from each formulation were
enclosed in Tea bag and placed in separate beakers filled with a
buffer of pH 1.2 (900 mL) maintained at 37 + 0.5 °C. After 12 h,
Tea bags containing swollen tablets were removed from the bea-
kers, hung for some time to drain out the excessive media, accu-
rately weighed and calculated the swelling capacity using Eq. (7):

Swelling capacity(g/g) = W (7)
1
where W;, W, and W, represented the weight of wet Tea bag having
swollen tablet, weight of empty Tea bag and initial weight of the
tablet, respectively (Haseeb et al., 2017).
The swelling capacity of all these formulations was also deter-
mined at pH 4.5 and 6.8, and in deionized water. To observe the

swelling behavior of tablet at different time intervals, swelling

capacity of optimum formulation (FF) was determined at pH 1.2,
4.5, 6.8 and in deionized water using Eq. (7).

2.6. Tablet density

The density of tablets of all formulations was calculated using
Eq. (8) (Fukuda et al., 2006).

v
(d/2)> xhxm
where D is the density of the tablet, w is the weight of the tablet, d is
the diameter of the tablet, h is the height of the tablet and 7 is the

circular constant. This experiment was performed thrice and the
average values are reported.

(8)

2.7. In vitro buoyancy study

In vitro buoyancy study was carried out to determine the buoy-
ancy lag time and the duration of buoyancy. Tablet was placed in a
buffer of pH 1.2 and time taken by the tablet to come at the top of
the medium was noted which was the buoyancy lag time. The
duration of the buoyancy was also determined (Yang et al., 1999).

2.8. In vitro drug release study

In vitro drug release study was performed in USP Dissolution
Apparatus Type II (Pharma Test, PT-DT7, Germany). Drug release
study was performed in two steps. First, the pH change method
was adopted to observe the release of drug mimicking the transit
time and pH of the GIT, i.e., 2 h at pH 1.2, 3 h at pH 4.5 and remain-
ing time at pH 6.8 (Wang, 1978; Chavanpatil et al., 2005). Further,
it is not possible to find the drug release kinetics and release mech-
anism through transit time and pH change method, therefore, a
drug release study was carried out at pH 1.2 for a maximum period
of 24 h (Chavanpatil et al., 2006). Dissolution media of pH 1.2, 4.5
and 6.8 (900 mL) were prepared according to USP 37, maintained
at 37 £ 0.1 °C and 100 rpm. After selected time intervals, an aliquot
(5 mL) was withdrawn from vessels, filtered and diluted (if
required) and determine the concentration of moxifloxacin using
UV spectrophotometer at a wavelength of 295 nm. Dissolution
media was replenished immediately with freshly prepared buffer.

2.9. Drug release kinetics and mechanism

Moxifloxacin release from tablet formulation was analyzed
using different kinetic models, i.e., Zero-order (Eq. (9)), First-
order (Eq. (10)), Higuchi (Eq. (11)) and Hixon-Crowell (Eq. (12)).
For Zero-order, a graph was plotted between time and cumulative
drug release. A graph between log of cumulative drug release and
time was plotted for First order. In Hixson-Crowell and Higuchi
models, a graph between cube root of percentage remaining and
time, and cumulative drug release and the square root of time
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was plotted, respectively. The coefficient of determination (R?) was
calculated from the graph and maximum value (~1) was consid-
ered as the best-fitted model.

Q; = Kot )

where K is the Zero-order rate constant and Q; is the amount of
drug released from the tablet in time t.

logQ = log Qo - (2"3—02) (10)

where K; is the First-order rate constant, Q is the remaining amount
of drug in the tablet after time t and Qy is the initial amount of drug
in the tablet (Gibaldi and Feldman, 1967; Wagner, 1969).

0,2 - Q"% = Kyt (11)

where Kyc is the Hixson-Crowell release constant (Hixson and
Crowell, 1931). Qg and Q; is the initial amount of drug in the tablet
and the amount of drug released from the tablet in time ¢,
respectively.

Q= Ku(t)'"? (12)

where Ky is the Higuchi rate constant and Q; is the amount of drug
released in time t (Higuchi, 1963).

Drug release from a polymeric matrix is best explained using

Korsmeyer-Peppas model and expressed in Eq. (13) (Korsmeyer
et al.,, 1983; Ritger and Peppas, 1987).
MKL = Kpt" (13)
where M/M, is the fraction of drug release at time t, K, is the
Korsmeyer-Peppas constant and n is the release exponent. The
value of n is calculated from the slope of a graph plotted between
log M,/M., and log t. The value of n indicates the drug release mech-
anism from a polymeric matrix system. In case of cylindrical geom-
etry (tablets), the drug release mechanism is considered Fickian,
non-Fickian (anomalous transport), case II transport and super case
Il transport if n < 0.45, 0.45 <n < 0.89, n = 0.89 and n > 0.89, respec-
tively (Korsmeyer et al., 1983; Ritger and Peppas, 1987).

Furthermore, a modified Akaike Information criterion called
Model Selection Criterion (MSC) was adopted as expressed in Eq.
(14) (Igbal et al., 2011).

n _ 2
Z Ww;. <yi—obs - y—abs)
MSC =In| = (14)

n

Z} w;. (yi—obs - y—pre)2
i=

where y; ops is the it" observed value of y, ¥ o»s is the mean of
observed data points of y and y; .. is the it" predicted value of y.
w; is the weighting factor and its value is usually equal to 1 for fit-
ting the dissolution data, n is the number of all data points and p is
the number of parameters in the model.

All calculations related to drug release kinetics and mechanism
were performed using the software, DDSolver (Zhang et al., 2010).

2.10. Scanning electron microscopy

The surface morphology of LSH containing tablet formulations
(LSHF and FF) was evaluated through scanning electron micro-
scopy (SEM). For this purpose, a scanning electron microscope
(FEI Nova, NanoSEM 450) fortified with low energy Everhart-
Thornley detectors (ETD) was used. The microscope was operated
at 10 KV to observe the surface texture of the tablets as well as
porosity of these tablets before and after swelling in deionized
water. Tablets were allowed to swell in deionized water (10 mL)
for 60 min followed by sonication for 30 min to remove entrapped

air bubbles. These tablets were freeze-dried at —20 °C and cut into
longitudinal and transverse sections with the help of a sharp stain-
less steel blade. These sections were coated with gold using sputter
coater (Denton, Desk V HP) operated at 40 mA and observed with
SEM after mounted on an aluminium stub. For the preparation of
LSHF, LSH (400 mg) was kneaded using a PVP K30 solution and
granules were prepared by passing the damp mass through sieve
no. 20. After drying, granules were compressed using 11 mm flat
surface punches.

2.11. In vivo radiographic evaluation

2.11.1. Preparation of tablets

In vivo X-ray study was performed to observe the effect of phys-
iological conditions and environment of GIT on tablet during float-
ing in the stomach. For better visualization of tablet in an X-ray
image, an opaquant barium sulphate (BaSO4) was used in a tablet
formulation (FF) by replacing 100 mg (25%) of moxifloxacin. The
remaining composition of formulation FF was the same as men-
tioned in Table 1 (Patil et al., 2014). It was assured that the addition
of BaS0O, did not affect any pre- and post-compression parameters
along with density, buoyancy time, swelling and drug release
behavior. The formulation FF prepared for an X-ray study was
assigned as FFX.

2.11.2. In vivo X-ray study

For in vivo X-ray study, four healthy beagle dogs (9-10 Kg each)
were selected and kept under fasting overnight before the experi-
ment (Baumgartner et al., 2000). Formulation FFX was adminis-
tered to stray dogs using a gavage tube followed by ordinary tap
water (100 mL). Dogs were only allowed to take water ad libitum
during the course of study. X-ray radiograph was taken just before
and after the administration of tablet to ensure the absence of any
radiopaque material and reach of tablet in the stomach, respec-
tively. Radiographic images of the GIT were taken after regular
intervals using X-ray machine (Beam Limiting Device, Model TF-
6TL-6, Toshiba Corporation, Japan) until the tablet was totally dis-
appeared in GIT of the dogs. In vivo X-ray study was designed in
accordance with the National Institute of Health’s Guidelines for
the Care and Use of Laboratory Animals (NIH Publications No.
85-23, revised 1985) and approved by Institutional Animal Ethics
Committee, The University of Lahore, Lahore vide letter no. IAEC-
2016-15A.

3. Results and discussion
3.1. Drug-excipient compatibility study

Results of FTIR analyses of formulations have shown that the
characteristic peaks of each ingredient are well defined and neither
major shift nor any loss of functional peaks is observed, indicating
that they are compatible with each other (Fig. 1). Characteristic
peaks of C-C stretching in the aromatic ring and C-H deformation
in HPMC K100M can be observed at 1647 cm~! and 1456 cm ™,
respectively. In p-cyclodextrin, peak observed at 3320 cm™! is
due to O-H, absorption band at 2926 cm™~! is due to vibration of
C-H bonds in CH;, and CH groups, absorption bands of deformation
vibrations of C-H in primary and secondary hydroxyl groups at
1400-1200 cm™', vibration of C-O-C bonds are present at
1080 cm™!, absorption bands of deformation vibrations of C-H
bonds are observed between 950 and 700 cm~! are due to glycopy-
ranose cycle (Szejtli, 1998; Roik and Belyakova, 2011). FTIR spectra
of moxifloxacin have also shown its specific peaks between 1450
and 1620 cm™! due to C=C stretching and observed C-H bending
of substituted benzene at 873 cm~!. Carbonyl stretching in
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carboxylic acid, C-N stretching and monofluorobenzene stretching
were observed at 1705, 1350 and 1183 cm ™!, respectively (Pawar
et al., 2012). In the FTIR spectra of LSH, the band in the range of
1200-1000 cm™! recognized as stretching vibrations of (C-0-H)
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Formulation (FF)

Avicel PH102

Betacyclodextrin

HPMC K100M

LSH +
Moxifloxacin

Moxifloxacin

I
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I
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Fig. 1. FTIR spectra of different excipients, physical mixture of LSH and moxifloxacin, and optimized formulation (FF).

side groups and the (C-0-C) glycosidic linkage of polysaccharide respectively.

(Kacurakova et al., 2000). The bands of deprotonated carboxylic
acid group of uronic acid and CH, have observed at 1640 and
1420 cm™', respectively (Boulet et al., 2007). The bands observed
at 2900 and 3450 cm™! are assigned as C-H and O-H stretching,
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3.2. Pre-compression evaluation of formulations

Pre-compression evaluation of the tablet blend is essential to
determine the suitability for the compression process. The results
of the pre-compression parameters are depicted in Table 2. Values
of loose bulk density (1.389-1.742 g/cm?), tapped bulk density
(1.742-2.146 gjcm?), compressibility index (11.001-20.792%),
Hausner ratio (1.124-1.262) and angle of repose (24.55-29.33)
are within the standard range (Boulet et al.,, 2007; El-Zahabay
et al., 2014; Lachman et al., 1987) which indicated the good
flow-ability of the prepared granules having suitable mechanical
strength.

3.3. Post-compression evaluation of formulations

Compressed tablets were evaluated through different post-
compression parameters and results are shown in Table 2. Mean
values of weight (797.3-802.7 mg), thickness (4.46-4.55 mm),
hardness (7.52-8.72 kg/cm?) and friability (0.75-0.91%) are within
the normal range. Moxifloxacin contents in all formulations were
also in the range between 97.11 and 99.11%.

3.4. Swelling study

The swelling capability of the prepared tablet formulations was
evaluated in buffer solutions of pH 1.2, 4.5 and 6.8, and in deion-
ized water and results are shown as a graphical representation in
Fig. 2a-d, respectively. Change in the concentration of excipients
directly affect the swelling capacity of these formulations as
depicted in Fig. 2. It was observed that as the amount of LSH is
increased from 30 mg (FF) to 40 mg per tablet (F2), the swelling
capacity is decreased from 2.64 to 1.87. Upon decreasing the
amount of LSH from 30 mg to 20 mg per tablet (F1), swelling
capacity slightly increases from 2.64 to 3.03. This variation in swel-
ling capacity is due to the change in concentration of LSH indicat-
ing an inverse relationship between swelling and concentration of
LSH which is in accordance with a previous work (Haseeb et al.,
2017). LSH has a negligible tendency to swell in acidic pH, there-
fore, its presence in the tablet has rendered the swelling of tablets
(Haseeb et al., 2016, 2017). At higher concentration of LSH (F2), the
penetration of swelling media (pH 1.2 buffer) in the tablet is more
difficult as compared to the formulation with less concentration of
LSH (F1). Therefore, less swelling was observed in F2 as compared
to F1. However, the swelling ability of formulation F1 and F2
depends upon HPMC (swelling agent) and p-cyclodextrin (channel-
ing agent). In the absence of LSH, formulation FO, a slight increase
in the swelling capacity was observed as compared to FF, which
may be due to the presence of HPMC K100. In formulation F7
and F8, the effect of HPMC K100 was observed on the swelling

Table 2

index by altering its concentration. Being a slightly swellable poly-
mer, a slight difference in swelling was observed with the variation
in concentration of HPMC K100. It was observed that the change in
the concentration of g-cyclodextrin and sodium bicarbonate has
shown less effect on the swelling of tablets as indicated in formu-
lations F3 and F4, and F5 and F6, respectively. An increase in the
concentration of p-cyclodextrin also increases the swelling of the
formulation. Being a highly soluble polymer, it diffuses out of the
formulation creating microscopic channels. As a result, the pene-
tration of the media in the deep region of the tablet is being possi-
ble and relatively more swelling was observed. These results
indicated that the main component in these formulations is LSH
and its concentration has shown a marked influence on the swel-
ling of tablets which in turn will affect the release of moxifloxacin.

The swelling capacity of all these formulations were also evalu-
ated at pH 4.5 (Fig. 2b), 6.8 (Fig. 2¢) and in deionized water
(Fig. 2d). It was observed that as the pH of the solvent increased,
the swelling capacity of the tablets was also increased which was
mainly due to the high swelling ability of LSH at these pH values
and in deionized water. Swelling capacity of optimum formulation
(FF) after different time intervals at pH 1.2, 4.5, 6.8 and deionized
water is depicted in Fig. 2e. during 12 h study,

3.5. In vitro buoyancy study

Sodium bicarbonate present in the formulation when comes in
contact with an acidic media liberates CO,. Tablet absorbs and then
retains this media due to the polymeric composition of the formu-
lation. As a result, the generated gas was entrapped within the
polymeric matrix which helps the buoyancy of tablet. As long as
this gas is entrapped within the tablet, the duration of buoyancy
will be prolonged. The buoyancy lag time of all the formulations
is expressed in Table 3. All formulations have shown the buoyancy
lag time from 419 s (6.98 min) to 587 s (9.78 min) whereas formu-
lation FO has an exception with 145 s (2.42 min). The reason of less
buoyancy lag time in FO might be due to the absence of LSH. With-
out LSH, the penetration of the media was easy which initiated the
quick generation and released of CO,, hence, the buoyancy lag time
was less as compared to other formulations. Furthermore, it was
impossible for formulation FO to keep the CO, within the tablet
for a longer period of time. Therefore, the time duration of buoy-
ancy was not more than 1 h which was very short as compared
to other formulations. The duration of buoyancy is directly related
to the amount of CO, generated within the tablet. Therefore, it was
noted that with the increase in the concentration of sodium bicar-
bonate (F6), the duration of buoyancy was also increased and vice
versa (F5). Fig. 3 indicating the buoyancy duration of FF after differ-
ent time intervals.

Pre-compression and post-compression parameters of different moxifloxacin formulations (Mean + SD).

Pre-compression parameters (n = 10)

Post-compression parameters (n = 10)

Formulation  Angle of Loose bulk Tapped bulk  Hausner’s Compressibility ~ Hardness Thickness Weight Friability Drug
code repose density (g/ density (g/ ratio index (%) (kg/cm?) (mm) (mg) (%) content (%)
cm?) cm?)

FO 29.33+0.33 1.562+0.33 1.923+0.18 1.231+0.29 18.750+0.11 8.11£0.05 4.48 +0.08 802.5+244 0.82+0.11 97.11+0.82
FF 2641 +041 1.613+041 1.852+021 1.148+0.11 12.903 +0.31 845+ 007 446+0.11 801.6+3.22 0.91+0.56 98.88+0.66
F1 2718 +029 1.667 £0.51 1.873+0.18 1.124+0.17 11.001 +0.29 7.87+£0.09 449+023 7982+1.67 0.90+0.81 99.02+0.75
F2 29.29+0.19 1.515+0.17 1.792+0.19 1.183+0.09 15.454 +0.24 8.02+£0.05 4.52+0.11 799.8+229 0.82+0.31 98.15+0.59
F3 2546 +0.21 1.650+0.22 2.083+0.38 1.262+0.14 20.792 +0.14 7.95+0.01 453+008 8004+1.74 0.77+0.23 9747 +1.02
F4 2873 +042 1.389+0.18 1.742+0.67 1.254+0.15 20278 +0.18 7.88+0.05 4.55+0.17 802.7+1.59 0.83+0.31 99.11+0.77
F5 2455+ 041 1.742+0.19 2.008+0.15 1.153+0.11 13.240 +0.31 823 +£0.05 447+0.14 7982+099 0.88+0.19 98.77+0.79
F6 26.97 £0.57 1.695+0.26 1.992+0.26 1.175+0.34 14.915+0.27 8.72+£0.03 443 +0.21 801.4+256 0.91+0.19 98.34+0.96
F7 2472 +0.81 1.724+0.39 2.146+0.16 1.245+0.21 19.655 + 0.41 845+002 449+0.19 800.6+289 0.75+0.22 9897 +0.88
F8 28.51+0.92 1.661+0.08 1.887+0.18 1.136+0.19 11.960 + 0.35 7.52+0.03 451013 797.3+252 0.83+0.29 97.34+0.83
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Fig. 2. Swelling capacity of all formulations after 12 h study at pH 1.2 (a), pH 4.5 (b), pH 6.8 (c¢) and in deionized water (DW) (d), and optimum formulation (FF) at different
time intervals (e).

Table 3 3.6. Tablet density measurement

Different physical parameters of moxifloxacin tablet formulations.
Formulation  Tablet density (g/ Duration of Buoyancy lag Densities of all formulations are found ~1 indicating that all
code cm?®) buoyancy (h) time (s) formulations would float (Table 3). Therefore, all tablet formula-
FO 1.014 + 0.08 <1h 145 + 321 tions took a little bit more time (minimum 7 min.) to start floating.
FF 1.018 +0.11 >12 h 505 + 4.33
F1 1.006 + 0.07 >12 h 478 £2.93
F2 1.002 + 0.18 >12 h 545 + 4,78 3.7. Drug release study
F3 1.000 + 0.21 >12 h 513 +2.45 ) ) ) ) ) ) )
F4 0.999 + 0.22 >12h 491 +2.58 Moxifloxacin release from different formulations is depicted in
F5 1.011 £ 0.15 >11h 587 +3.11 Fig. 4 and Table S1. Prolonged and sustained release of drug from
?7; }'gég : g;? 1‘2‘ E ‘5‘;’ : g;? all formulations was observed expect formulation FO which is for-

R + 0. > * 2. . e .

Fs 1.001 £ 0.11 >12 h 188 + 3.44 mulated without the addition of LSH. Therefore, it can be con-

cluded that the sustained and prolonged release from these

Fig. 3. Photographs representing the duration of buoyancy of formulation, FF at pH 1.2.
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Fig. 4. Moxifloxacin release study from different formulations at pH 1.2.

formulations was mainly due to the presence of LSH. However, a
slightly different release pattern was observed from all these for-
mulations which was due to the variation in the concentration of
excipients. The effect of LSH, HPMC K100M, sodium bicarbonate
and p-cyclodextrin on drug release is discussed in the subsequent
section.

3.7.1. Effect of LSH on drug release

Effect of LSH on the release of moxifloxacin is shown in Fig. 5. At
the end of desired period (24 h), 92.19% of drug was released from
the optimum formulation (FF). It was also observed that the release
of drug was decreased from 99.11 to 82.87% as the concentration of
LSH increased from 20 to 40 mg per tablet in formulation F1 and
F2, respectively (Fig. 5a). Optimized formulation contained 30 mg
of LSH which prolonged the release of drug up to 24 h. Upon
decreasing the concentration of LSH to 20 mg, not only the release
retarding ability was decreased but also the formulation could not
able to release the drug up to the desired period of 24 h. This delay
release was due to the less swelling ability of the polymer. The
acidic groups present in the polymeric chains of LSH are present
in a protonated form in an acidic media and the presence of strong
bonding between these groups produce the hindrance for the pen-
etration of dissolution media. Therefore, the dissolution media was
unable to penetrate the polymeric matrix and hence retarded the
drug release. For comparison, the maximum drug release from FO
was observed after 4 h which was due to the absence of LSH. This
comparatively fast release also indicates the release retarding
behavior of LSH in the acidic environment.

In case, if the gastroretentive tablet pumps to the intestine as it
appears in some cases (Shin et al., 2019), then a study at the phys-
iological pH of different sections of the intestine should also be
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taken into the account. Therefore, a drug release study was also
carried out according to the pH and transit time of the GIT, i.e,,
at pH 1.2 for 2 h, pH 4.5 for 3 h and pH 6.8 for 7 h (Fig. 5b). It
can be seen that the sustained release of moxifloxacin was
observed at pH 1.2 and 4.5 which was mainly due to the presence
of LSH. In the acidic environment, swelling of LSH is less which
directly effect on the release of moxifloxacin. At pH 6.8, due to sub-
stantial swelling of LSH (9), more release of drug was observed.

3.7.2. Effect of B-cyclodextrin on drug release

With the passage of time, it is possible that the rate of drug
release from a polymeric system is reduced due to the greasy nat-
ure of the polymers. Due to this, it is difficult for a dissolution
media to diffuse in and out of the polymeric matrix. As a result,
the release rate at the later stage is reduced. To overcome this dif-
ficulty, a channeling agent is introduced in the formulation design
which eliminate the chances of a potential decrease in drug
release. f-cyclodextrin, a pH-independent highly soluble channel-
ing agent, was used which not only increases the drug release at
the later stage of the study but also improves the compressibility
and physical texture of the tablets (Chavanpatil et al., 2006). This
effect can be seen in Fig. 6a where the difference between the
release profiles from formulation F3 and FF was not significant dur-
ing the first 6 h and in the later stage, the difference is more promi-
nent as the concentration was increased. This increased drug
release is mainly due to the formation of channels that facilitates
the approach of dissolution media in the deep area of the tablet.
In Fig. 6b, the effect of p-cyclodextrin on the release of moxi-
floxacin at different pH and transit time of GIT.

3.7.3. Effect of sodium bicarbonate on drug release

In floating drug delivery systems, sodium bicarbonate is used as
a gas-generating agent that is liberated in contact with the acidic
media of the stomach. The generated gas was entrapped into the
viscous and greasy polymeric matrix which results in the floating
of the formulation. A decrease in drug release was observed as
the concentration of sodium bicarbonate increased from 70 to
130 mg per tablet in formulation F5 and F6, respectively
(Fig. 7a). Moxifloxacin is soluble in the acidic environment whereas
the presence of sodium bicarbonate builds a basic environment in
the tablet which not only decreases the solubility of moxifloxacin
therin, therefore, retard its release from the tablet. Therefore, the
increase in the concentration of sodium bicarbonate has put a neg-
ative impact on the release of moxifloxacin. Fig. 7b expressed the
effect of different pH and time duration on the release of moxi-
floxacin from formulations F5 and F6.

() pH pH pH
12 45 6.8

I
S
|

Cumulative drug release, %
%) oy
S S

(=)

Time, h

Fig. 5. Effect of LSH concentration on moxifloxacin release (a) and in vitro release study of moxifloxacin during transit time and pH of gastrointestinal tract (b).
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Fig. 7. Effect of sodium bicarbonate concentration on moxifloxacin release (a) and in vitro release study of moxifloxacin during transit time and pH of gastrointestinal tract

(b).

3.7.4. Effect of HPMC K100M on drug release

To achieve the desirable release pattern of moxifloxacin in
acidic pH, HPMC K100M, a swellable material, was introduced in
the formulation. After 24 h, drug release was decreased to 86%
from 99% as the concentration of HPMC K100M was increased from
10 to 30 mg per tablet in formulation F7 and F8, respectively
(Fig. 8a). This decrease in the drug release is mainly due to the
increase in the swelling of the tablet which ultimately increases
the diffusion path length. Drug release was also observed at pH
and transit time of GIT (Fig. 8b). It was observed that the drug-
releasing behavior was directly proportional to the pH of the
media. As LSH has high tendency to swell at pH 6.8, therefore, at
this pH, profound drug release was observed. However, at pH 6.8,
the release of the drug was also dependent on the concentration
of LSH and inverse relation was observed.

3.8. Drug release kinetics and mechanism

Different drug release kinetics models were applied on drug
release data and values are expressed in Table 4 (Awasthi and
Kulkarni, 2014). Results indicated that drug release followed
first-order kinetics and Korysmeyer-Peppas model as evident from
the values of R? (mostly near to 1) and MSC (having the highest
values). Korsmeyer-Peppas model was also applied to find the drug
release mechanism and the values indicated that the drug release
mechanism form all formulations followed non-Fickian diffusion,
i.e., drug release governed by swelling and erosion of polymeric
matrix.

3.9. Scanning electron microscopy

The morphology of the LSH powder, a tablet containing only
LSH (LSHF) and formulation FF was evaluated through SEM and
images are depicted in Fig. 9. LSH powder appeared as irregular
flakes having a wide range of size distribution. Upon compression
of LSH powder into the tablet, these flakes were broken and formed
an uneven and rough surface of the tablet. SEM image of a proper
formulation (FF) revealed that the surface of the tablet was smooth
with micro-cracks as indicated with white arrows in Fig. 9. Swollen
then freeze-dried tablets of the formulations LSHF and FF were
observed through SEM and images exposed the symmetrical distri-
bution of microscopic pores and channels on the surface of tablets.
These channels and pores are responsible for the intake of a large
amount of swelling or drug release media which contributed to
the swelling of LSH and sustained release of moxifloxacin,
respectively.

3.10. In vivo radiographic evaluation

X-rays images captured during the in vivo studies of formula-
tion FFX are depicted in Fig. 10. This study was performed to ascer-
tain the gastric retention of the LSH based tablet formulation and
also determined the maximum retention time in the stomach.
After 1 h of ingestion, the tablet can be seen in the stomach of
the animal. The dull appearance of the tablet indicated the non-
swelling or less swelling of the tablet which can be accessed from
the size of the tablet as the size of the tablet was not significantly
increased. After 2 h, the brightness of the tablet was increased
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Fig. 8. Effect of HPMC K100M concentration on moxifloxacin release (a) and in vitro release study of moxifloxacin during transit time and pH of gastrointestinal tract (b).

Table 4
Values of drug release kinetics models of different formulations.
FO FF F1 F2 F3 F4 F5 F6 F7 F8
Zero order R? 0.9932 0.7620 0.7448 0.8374 0.7664 0.7788 0.7743 0.8379 0.8912 0.8480
Ko 19.673 4.860 7.096 4.263 4.539 5.708 5.628 4.654 6.559 4.380
MSC 4.5845 1.2816 1.1839 1.6627 1.3001 1.3420 1.3220 1.6657 2.0368 1.7298
First order R? 0.8954 0.9962 0.9948 0.9978 0.9894 0.9943 0.9946 0.9934 0.9835 0.9946
K, 0.341 0.099 0.150 0.076 0.087 0.114 0.111 0.089 0.121 0.079
MSC 1.8573 5.4171 5.0847 5.1448 4.3892 5.0085 5.0472 4.8647 3.9226 5.0679
Higuchi R? 0.8242 0.9452 0.9542 0.9941 0.9281 0.9391 0.9435 0.9294 0.9169 0.9332
Ky 37.118 18.947 23.422 16.479 17.673 20.418 20.146 17.987 21.320 16.916
MSC 1.3381 2.7510 2.9020 2.5364 24791 2.6322 2.7066 2.4964 2.3058 2.5525
Hixson-Crowell R? 0.9573 0.9875 0.9881 0.9833 0.9727 0.9884 0.9831 0.9925 0.9933 0.9877
Kiic 0.086 0.028 0.041 0.022 0.025 0.032 0.031 0.025 0.034 0.022
MSC 2.4868 42314 4.2504 3.9403 3.4485 4.2861 3.9122 4.7413 4.8170 4.2445
Korsmeyer-Peppas R? 0.9998 0.9848 0.9955 0.9770 0.9780 0.9833 0.9799 0.9837 0.9719 0.9749
Kyp 19.230 9.545 12.551 8.101 7.815 10.117 10.146 7.697 10.067 8.585
n 1.082 0.845 0.866 0.823 0.813 0.877 0.880 0.806 0.872 0.802
MSC 7.4141 3.6839 4.7321 3.3298 3.3187 3.5219 3.3345 3.6136 3.0023 3.2409

Formulation FF tablet surface

\ v

Freeze dried tablet surface of formulation LSHE Freeze dried tablet surface of formulation FF

Fig. 9. SEM images of LSH powder, tablet surface of the formulation composed of only LSH, surface of formulation FF showing micro-cracks indicated through white arrows,
the surface of swollen then freeze-dried tablet of LSHF and swollen then freeze-dried tablet surface of formulation FF.
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Fig. 10. X-ray images of the gastrointestinal tract (GIT) captured before and after the ingestion of formulation FFX by beagle dog after different time intervals indicated the

presence of tablet at upper GIT for approximately 6 h before disintegration.

which might be due to the more exposure of radiopaque material
on the surface as a result of swelling of the tablet. The size of the
tablet was increased after 4 h which was due to more swelling of
the tablet, as well as the brightness of the tablet, which was
enhanced. Image taken after 6 h indicated the disintegration of
the tablet as evident from the fragments of tablet in the stomach.
This study also proved the retention of tablet in the stomach for
at least 6 h.

4. Conclusions

LSH based gastroretentive drug delivery system was success-
fully developed which sustained the release of moxifloxacin in
the stomach and tablets remained floating for 6 h. As well as,
sustained-release was noted at all pH of GIT indicates the worth
of this newly developed formulation. The results of in vitro drug
release at various physiological pH of GIT revealed that our newly
designed LSH based gastro-retentive formulations offered there-
fore double advantage; as in the case, if tablet pumps to the intes-
tine, even then it shows sustained release of moxifloxacin. In vitro
drug release study also proved the release of moxifloxacin in acidic
environment. In vivo X-ray study also proved the real-time floating
of tablets as well as disintegration behavior in the stomach. These
findings recommend the fitness of LSH for the development of
highly valuable gastroretentive drug delivery system with the
additional advantage of sustained release at intestinal pH if the
tablets pump to the intestine.
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