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ABSTRACT

Introduction: Pregabalin (PG) is primarily prescribed for epilepsy, painful diabetic
neuropathy, post-herpetic neuralgia, and fibromyalgia. Also, it is used in clinical practice
to treat general anxiety disorder due to its anxiolytic properties. Pectin is a water-
soluble ionic polysaccharide. As a result of the interaction of pectin with calcium ions,
a hydrophilically coated insoluble carrier system is formed by complexing between
surfaces, which provides a sustained release. In this direction, floating hydrogel pellets
containing PG were developed and characterized in our study. This study aimed to
make a sustained release of PG, reach the optimum level in characterization, and bring
a new approach to widely used oral drug therapy. Materials and Methods: PG was a
gift from llko Pharmaceuticals (Turkey) and pectin was purchased from CPKelco (USA).
The ionotropic gelation technique was used to prepare pellets. To characterize the
pellets, flotation/swelling degrees, yield, drug loading capacity/encapsulation efficiency,
particle size/distribution, in-vitro release/kinetics, and morphological studies have been
done. Also, the structural features of pellets have determined via the Fourier Transform
Infrared (FT-IR), scanning electron microscopy (SEM), Brunauer-Emmett-Teller (BET),
and X-ray diffraction (XRD) studies. Results: The formulations have been successfully
developed without using any coating agent to prolong drug release for 24 h with an
encapsulation efficiency of ~82%. Optimum results were obtained in characterization
studies. As a result of BET analysis, it has been proven that the structure is porous and
there is no change in the chemical and crystal structure of PG by FT-IR and XRD studies.
Conclusion: We anticipate that the formulation we developed will provide an alternative
to the sustained-release PG preparations in the current pharmaceutical market.

Key words: Gastroretentive drug delivery, Pregabalin, Pectin, HPLC, FT-IR, BET, XRD. Submission Date: 25-06-2021;
Revision Date: 10-09-2021;
Accepted Date: 28-12-2021.
INTRODUCTION

DOI: 10.5530/ijper.56.1s.38
Correspondence:

Oral drug delivery is the most widely used of
all the routes of administration investigated
for the systemic delivery of drugs using
different dosage forms decades.
Therefore, new carriers are being developed
for the oral delivery of drugs. Solid dosage
forms are advantageous in terms of low

for

cost, ease of administration, exact dosing,
and most importantly, patient compliance.'
However, there are also disadvantages
such as the short residence time of the
dosage the gastrointestinal
tract, unpredictable gastric emptying, and

forms in

degradation of active substances due to
the high activity of the gastrointestinal
content. Gastric emptying is a complex
process and makes the performance of
drug delivery systems uncertain in “ vivo”
studies. Floating drug systems are useful
systems that can prevent these uncertainties
by increasing the duration of drug delivery
systems in the stomach. Floating systems, or
hydrodynamically controllable systems, are
low-density systems with sufficient lifting
power that can float for an adequate time
without being affected by gastric content
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and emptying of the stomach and remain floating in the
stomach for along time.”* These systems are matrix-type
systems prepared with the help of swellable polymers
and various effervescent compounds (such as sodium
bicarbonate (NaHCO,), tartaric acid, and citric acid).
These hydrophilic systems are formulated to retain gas
and release carbon dioxide (CO,) when they encounter
acidic gastric juice. They become floatable by trapping
this gas through hydrogels that exhibit swelling.>®
Floating systems can release active ingredients at the
desired rate while floating on the surface of the gastric
contents. When the release of the active substance is
over, the residues of the system are removed together
with the stomach contents.**

PG is a white and crystalline powder that dissolves in
acidic, basic, and aqueous solutions. It has anticonvulsant
(antiepileptic)  properties.”® PG methyl
hexanoic acid) is similar to gamma-aminobutyric acid
(GABA), which is the neurotransmitter of mammals
with both structural and pharmacological properties.
It started to be used in the early 1990s. Its primary
effect is anticonvulsant, and it is used in epilepsy.”'” Its
mechanism of action is still not fully resolved, although
it has been found to bind to the calcium channel in the
central nervous system and reduce calcium flow at the
nerve endings. Thus, it is thought to change the release
of neurotransmitters that reduce the communication
between nerves and be effective in neuropathic pain
and epilepsy seizures. PG is still not registered in any
pharmacopeia.”!’ PG has many advantages compared to
other antiepileptics. It does not have pharmacokinetic
interactions with other drugs or is induced by enzymes.
PG has a variable absorption in the gastrointestinal tract
and is preferred to be absorbed from the upper parts
of the gastrointestinal tract.'" Although used in clinical
practice to treat general anxiety disorder due to its
anxiolytic properties, it is primarily prescribed for painful
diabetic neuropathy, post-herpetic neuralgia, radicular
pain, and fibromyalgia. Its doses range from 75 to 150
mg per day for neuropathic pain, and its bioavailability is
quite high (90%).">"

Pectin is a water-soluble ionic polysaccharide found
naturally in the cell walls of many plants and contains
a-D-galacturonic straight Low-
methoxylated amidated pectin (degree of esterification

<50%) forms a more robust gel structure by crosslinking
14-16

(3-amino

acid in chains.

galacturonic acid chains under the effect of calcium.
In the preparation of delivery systems containing pectin,
especially ionotropic gelation, and gel coating technique
is frequently used. Both of these techniques are safe for
the risk of toxicity."” In the ionotropic gelation technique,
polysaccharides (such as pectin) are dissolved in water or
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a weakly acidic medium. These solutions are then added
dropwise into solutions containing oppositely charged
ion, which is constantly stirred. During complexation
with oppositely charged ions, polysaccharides undergo
ionic gelation and precipitate as spherical particles. The
pellets formed are filtered, washed with distilled water,
and dried. Solvent toxicity and other undesirable effects
are prevented by crosslinking by electrostatic interaction
instead of chemical crosslinking.'!? Pectinate hydrogels
formed in the presence of calcium are stable in low pH
solutions and swell in weak basic solutions.”” Calcium
pectinate is disintegrated by pectinolytic enzymes in the
colon and delays drug release since it cannot dissolve in
the upper gastrointestinal tract (cannot be broken down
by gastric or intestinal enzymes, it is resistant to protease
and amylase enzymes). As a result of the interaction of
pectin with calcium ions, an insoluble carrier system is
formed, which is hydrophilically coated by interfacial
complexation, and this ensures sustained release.'>'*?!
Pellets are multi-unit solid drug forms, with particle sizes
generally ranging from 0.5-1.5 mm. Each particle is a
matrix obtained by dispersing the active substance in
the polymer.” Among the advantages of pellets are
that the substances forming the pellets do not separate
from each other during transportation; they can be
packaged homogeneously. They do not have a high local
concentration because they are dispersed in the stomach
immediately. With pellets, drugs with different release
properties and/or incompatible drugs or physically
opposite materials can be combined, and dissolution can
be achieved at the desired rate by controlled release or
extended release.”*

In this study, floating pellet systems, one of the new
drug delivery systems that have been studied frequently
today, were developed and characterized for PG and
bring a new approach to widely used oral drug therapy.
For the characterization of floating pellets, flotation
and swelling degrees, yield, drug loading capacity
and encapsulation efficiency, particle size and size
distribution, #z-vitro release and release kinetics, and
mortphological-organoleptic control studies have been
done. Also, the structural features of the floating pellets
were determined via the Fourier Transform Infrared
(FTIR) spectroscopy, scanning electron microscopy
(SEM), Brunauer-Emmett-Teller (BET), and X-ray
diffraction (XRD) studies. It is aimed to create a
sustained release and decrease the daily dose intake of
the patient via these formulations. It is also possible
to reduce the occurrence of side effects and/or toxic
effects and increase patient compliance with less dosing
frequency in the future.
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MATERIALS AND METHODS
Materials

PG was a gift from Ilko Pharmaceuticals (Ankara,
Turkey). Low-methoxylated amidated pectin (GENU"
LM 104) was purchased from CPKelco (Atlanta, USA).
Calcium chloride (CaCl)) and potassium chloride were
purchased from J. T. Baker (Deventer, Holland) and
Riedel-de-Haén  (Germany), respectively. Sodium
hydroxide, sodium bicarbonate, potassium dihydrogen
phosphate, and potassium hydroxide were purchased
from Merck (Darmstadt, Germany). Hydrochloric acid
(HCI) and HPLC grade solvents, including methanol,
and acetonitrile were purchased from Isolab (Germany)
and Sigma-Aldrich (Germany). Ultrapure water was
provided using Millipore® water purification system.

Methods

Development of the Quantification Method for
Pregabalin

The quantification method for PG developed by Mohan
¢t al. was modified and re-developed.” PG was quantified
using a validated High Pressure Liquid Chromatography
(HPLC-Shimadzu Prominence LC-20A) method.
Standard solutions containing PG were prepared in
ultrapure water at a concentration of 200 pg/mlL, and a
calibration curve was drawn from 11 points by making
the necessary dilutions (1-200 ug/mL). Freshly prepared
phosphate buffer was filtered using a 0.45 um Whatman
filter paper, and the mobile phase was degassed for
5 min in the ultrasonic water bath. HPLC conditions are
given in Table 1.

Validation of the Quantification Method

Analytical method validation is the verification of
the developed method. It ensures that the developed
method achieves appropriate, repeatable, and reliable
results for the desired targets. According to the rules of
ICH Q2 (R1), the developed method has been validated
for linearity, accuracy, precision, the limit of detection

Table 1: HPLC conditions.

Phosphate Buffer-USP30/NF25 (pH
Mobile Phase adjusted to 6.5 using potassium
hydroxide):MeOH:ACN, 75:10:15
) v YT
Detector PDA
Wavelength 197 nm
Column Temperature 25°C
Injection Volume 20 uL
Flow Rate 0.7 mL/min
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(LOD), the limit of quantification (LOQ), and selectivity
(specificity).*? Standard solutions of PG at 20, 80, and
160 ug/mL were prepatred for inter-day and intra-day
accuracy and precision by replicate analysis of on a day
and three consecutive days.

Preparation of Floating Pregabalin Hydrogel Pellet
Formulations

The ionotropic gelation method was used in the
preparation of floating hydrogel pellets.”?! First of
all, the different amounts of pectin were swelled
homogeneously on a multi-point magnetic stirrer (2mag,
MIX 15 eco) at 750 rpm in ultrapure water. Then, while
mixing at the same speed, PG and NaHCO, (as a source
of CO,) were added in determining amounts, and it was
completely dissolved. These prepared dispersions were
dropped with the help of a 26 Gauge syringe into the
mixing CaCl, solution at determined concentrations
(0.1, 0.2, and 0.3 M) from a certain height. In order
to form pellets in the gel structure and complete the
complexation, dispersions were mixed for a period of
more time. After the hydrogel pellets were formed,
filtration was applied. Then, the pellets were washed
several times with pure water and frozen overnight at
-20°C. The lyophilization (CHRIST Alpha 2-4 LSC plus)
was applied for 24 h, and the obtained dried pellets for
the later experiments were stored at room temperature
in the desiccator (minimum. #=3). PG-free pellets (blank
pellets-B) were also prepared without the PG addition
only, as described above.

In vitro Characterization of Floating Pregabalin
Hydrogel Pellet Formulations

Determination of Flotation Degrees

To mimic the 7 vivo gastric retention, the flotation
degree determination of hydrogel pellets with and
without PG was performed using a 50 mL pH 1.2 HCI
buffer (USP30/NF25) in a 37°C hotizontal shaker water
bath (Memmert, WNB 14). A certain number (such as
100-150 pieces) of lyophilized pellets were placed in
this medium, and those on the surface at certain time
intervals (such as 5 min, 30 min, 1 h) were counted. This
study was continued for 24 h. The flotation degree of
the formulations was determined by proportioning the
number of floating pellets over time and the number of
non-floating pellets (minimum. #»=3).” The percentage
of flotation degree was calculated by using the formula
below:

Number of floating hydrogel pellets over time <100

Flotation Degree % =
otation Degree % Number of initial hydrogel pellets

S11
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Determination of Yield, Drug Loading Capacity,
and Encapsulation Efficiency

The floating hydrogel pellets containing PG were mixed
in a 5 mL mobile phase and stirred for 2 h on a multi-
point magnetic stirrer (2mag, MIX 15 eco) at 750 rpm
for the pellets” degradation of the crosslinked structure,
and then PG came into the open. Subsequently, the
supernatant was separated, filtered through a 0.45 um
membrane filter, and quantified by using the validated
HPLC method (minimum. »=3). All dilutions were made
with the mobile phase.” The percentages of yield, drug
loading and encapsulation efficiency were calculated by
using the formulas below:

Practically obtained total amount of formulation

‘ield % =

%100
Total amount of theoretically added components

Theoretical PG amount — Practical PG amount %100

Dtllg Loading %=
£ Ameount of obtamed floating hydrogel pellets

Theoretical PG amount
Practical PG amount
Theoretical PG amount

Encapsulation Efficiency % = x 100

Determination of Swelling Degrees

For the swelling degree study, 50 mg of lyophilized
samples from the floating hydrogel pellet formulations
with and without PG were weighed and carried out for
24 hin 30 mL pH 1.2 HCI buffer (USP30/NF25) using
a horizontal shaker water bath (Memmert, WNB 14) set
at 37°C/50 rpm. Swelling pellets at the specified time
intervals (such as 30 min, 1 h, 2 h) were filtered and
weighed. The degree of swelling after the experiment
was evaluated by calculating the difference between
the dry weight before swelling and the subsequent wet
weight in %, and the increase in weight was determined
(minimum. #=3)."** The percentages of swelling degree
was calculated by using the formula below:

Weight of swollen floating hydrogel pellets
Initial weight

Swelling Degree % = %100

Initial Weight

Determination of Particle Size and Size Distribution
of Wet-Dry Pellets

The sizes of freshly prepared and lyophilized PG
containing and blank floating hydrogel pellets were
measured from each series using a manual vernier caliper
(minimum. »=30).”
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In-vitro Release Study and Determination of
Release Kinetics

Floating hydrogel pellets containing a certain amount
of PG were placed in a horizontal shaker water bath
(Memmert, WNB 14) set at 37°C/50 rpm containing
50 mL pH 1.2 HCI buffer (USP30/NF25), and the
release was carried out for 24h. An appropriate amount
of samples were withdrawn at certain time intervals
(such as 5 min, 30 min, 1 h), and subsequently, the
same amount of fresh buffer medium was added to
the samples to maintain the sink conditions. Samples
were filtered through 0.45 pm membrane filters, and
released PG amounts were determined by a validated
HPLC method.”® Release results in pH 1.2 HCI buffer
were applied to the computer program in order to
determine the kinetic model of the release from the
selected hydrogel pellets containing PG. Whether
formulations are compatible with Zero-Order, First-
Otder, Korsmeyer-Peppas, or Higuchi kinetic models
were determined by mathematical operations and

formulas.*”®

Morphological-Organoleptic Control

Properties such as shape, size, homogeneity, color,
transparency, and surface of wet and dry floating
hydrogel pellet formulations have been visually evaluated.
Digital photos were also taken. The presence of pores
in the pellets, the roughness or smoothness of their
surfaces were also investigated using a scanning electron
microscope (SEM, Zeiss Gemini Sigma 300). Since our
formulations are insulating, they were examined after
being covered with a thin layer (100 A) with gold.* This
study was performed at East Anatolian High Technology
Research and Application Center (DAYTAM, Erzurum).

Determination of Surface Area and Pore Analysis

The surface area, average pore diameter (Brunauer,
Emmett, and Teller (BET) method) and pore volume,
pore size distribution (Barrett-Joiner-Halenda (BJH)
method) for blank and PG-containing floating hydrogel
pellets were obtained by using nitrogen adsorption
isotherms using a Micromeritics 3Flex analyzer. The
system temperatutre was maintained at 77°C.* This study
was performed at East Anatolian High Technology
Research and Application Center (DAYTAM, Erzurum).

Fourier Transform Infrared Spectroscopy (FT-IR)
Study

Powder samples of PG, pectin, CaCl,, NaHCO,, and
pellet formulations were prepared to determine if there

were any unwanted interactions between the formulation
ingredients and the active ingredient. Infrared spectra
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were taken by FT-IR (ATR) spectrophotometer directly
over the powder sample in the range of 4000—400 cm™
wavenumber.” This study was performed at East
Anatolian High Technology Research and Application
Center (DAYTAM, Erzurum).

X-Ray Diffraction (XRD) Study

The crystallinities of PG and PG-containing floating
hydrogel pellet formulation were determined by the
XRD method. XRD studies were carried out using an
X-ray diffractometer (PANalytical Empyrean XRD)
fitted with a copper target, a voltage of 45 kV, and a
current of 40 mA."" This study was performed at East
Anatolian High Technology Research and Application
Center (DAYTAM, Erzurum).

RESULTS AND DISCUSSION

Development of the Quantification Method for
Pregabalin

The HPLC method has been developed successfully.
A calibration curve was drawn from 11 points (1, 5,
10, 25, 50, 75, 100, 125, 150, 175, 200 pg/mL) with
samples prepared from the stock solution so that the
measurements were more precise. In the equation
obtained, R’ was determined to be 0.9999. The
calibration curve and chromatogram of PG are given in
Figure 1 below.

Validation of the Quantification Method

All the validation parameters were found to be within
limits according to ICH Q2 (R1). After the method
quantification, validation was initiated and determined
that the method showed linearity in the PG dose range
between 0.3 pg/mlL and 200 pg/mL. It was determined
that the blank solution containing all components used
in formulations except PG was read and did not peak
at the same place as PG and the developed method
was specific for PG. The sensitivity of the method was
determined experimentally that LOD was 0.3 pg/mL
and LOQ was 1 pg/ml. As a result of the repeatability
and reproducibility studies that were carried out for
the accuracy and precision of the method, it has been

200000
1500001 5

y
1000003 ¥=2416,50x+2376,47
0] Y R*=0,9999 0

b o hec N U AL VUL

—
3.00 3.25 3.50 3.75 min

Figure 1: Calibration curve and chromatogram of PG.
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determined that the % relative standard deviation and
the % relative error do not exceed 2%. The method
developed for PG quantification is sensitive, specific,
reproducible, and allows a simple and rapid quantitative
determination of PG. Validity has been proven
with validation processes. Thus, the data obtained
(quantification, EE%, and zn-vitro release results) were
evaluated precisely (R*=0.9999).

Preparation of Floating Pregabalin Hydrogel Pellet
Formulations

Low-methoxylated amidated pectin was chosen in the
formulations due to its desirable solubility in water and
ease of cross-linkage by the ionotropic gelation method.
The ionotropic gelation method in which crosslinking
was formed between the divalent calcium ions and
the negatively charged carboxyl groups of the pectin
molecules has been used successfully in the preparation
of calcium pectinate pellets.”” These two parameters ate
essential for the spherical and rigid shape. Also, pellets
were prepared without the use of additional equipment
and organic solvent, so this technique is speedy and
cheap.® As a result of the pre-formulation studies,
different combinations were created by changing the
formulation components (CaCl: cross-linker and
NaHCO,: gas-forming agent amount). The presence of
CO, from NaHCO, molecules in the pellets decreases
the density and ensures the pellets with good floating
properties.” Pellets were prepared without the use of
additional equipment and organic solvent. 12 different
hydrogel pellet formulations (blank pellets-B and drug-
containing pellets-D) were obtained in a spherical and
rigid structure. But 100% floating pellets were preferred
for our target, and other studies were carried out on
these formulations. Used formulation components and
quantities are given in Table 2.

In vitro Characterization of Floating Pregabalin
Hydrogel Pellet Formulations

Determination of Flotation Degrees

All prepared hydrogel pellet formulations were left
to float in pH 1.2 HCI buffer for 24h. The results are
given in Table 3. Considering the results, there have
been 6B and 6D hydrogel pellet formulations that
started floating as soon as possible (in a few seconds)
and were completely floated for 24h. When the 6D and
6B formulations were examined, it was seen that the
amount of CaCl, and NaHCO, is the highest. Floating
ability is related to the NaHCO, amount.** It was also
thought that the use of pectin as a polymer contributes
positively to buoyancy. Cellulose derivatives such as
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Table 2: Formulation components and quantities.

Formulation (r:(;) P(:;i)n CaCl, N?:]g)o 3 DrAu(iquzgize.
phase
1D 10 40 0.1M 20 1:5
2D 10 40 0.1 M 40 1:5
3D 10 40 0.2M 20 1:5
4D 10 40 0.2M 40 1:5
5D 10 40 0.3M 20 1:5
6D 10 40 0.3M 40 1:5
1B - 40 0.1 M 20 1:5
2B - 40 0.1M 40 1:5
3B - 40 0.2M 20 1:5
4B - 40 02M 40 1:5
5B - 40 0.3M 20 1:5
6B - 40 0.3 M 40 1:5

Figure 2: Digital images of the floating ability of 6D formulation.

Table 4: Yield, drug loading capacity and encapsula-

tion efficiency of 6B and 6D formulations.

a . i 0, 0, 0,
Table 3: Flotation degree data of formulations (%). e aton nY % DL % EE
c 6B 10.74+1.29 - -
2 c c 6D 13.75+0.58 3.40£0.51 82.43+15.45
= £ | E = | = | = < =
g 5 8 i N ~ o N
o
5 Table 5: Swelling degree data of 6B and 6D
1D 10 10 10 - - - - formulations (%).
2D | 60 | 60 | 60 - - - - 5
3D | 125 | 125 | 125 | - | - - - 5 £ B = = = =
4D | 100 | 100 | 90 - - - - E S - o ¥ ® ~
o
5D 416 | 33.3 35 - - - - s
6D 100 100 100 100 | 100 100 100 6B | 150.00 | 150.60 | 161.80 | 195.07 | 204.40 | 247.73
1B 1.1 722 | 70.1 - - - - 6D | 144.87 | 148.21 | 162.00 | 198.33 | 182.33 | 239.87
2B 76.47 | 76.47 | 75.09 - - - -
88 | 625 |1875| 33 - - - - of over 82%, has been found extremely satisfactory in
G2 EL 2y 2y - - - - terms of PG delivery and release.
58 | 36 | 96 | 91 - - - - o _
6B 100 | 100 | 100 | 100 | 100 100 100 Determination of Swelling Degrees

HPMC and NaCMC, pectin, and sodium alginate were
used as the polymer in a floating bead study by Abou el
Ela ¢ al. In the floating study, they were used pH 1.2 HCI
buffer and observed that the most floating feature was
in the formulations containing pectin.* Digital images
of the flotation experiment of 6D formulation are given
in Figure 2.

Determination of Yield, Drug Loading Capacity,
and Encapsulation Efficiency

The yield, drug loading capacity, and encapsulation
efficiency data of the selected 6B and 6D hydrogel pellet
formulations are given in Table 4 (mean * SD). The
6D formulation, which has an encapsulation efficiency

S14

The swelling degree study was carried out on the
hydrogel pellet formulations of 6D and 6B, which had
the best flotation degree from the prepared pellets. The
swelling degrees were calculated with the formula given
above, and the results are given in Table 5 below (mean
* SD). The digital images of 6B and 6D formulations
resulting from the swelling degree study are given
in Figure 3, and the swelling degree graph is given in
Figure 4. The swelling degree of pellets describes
the amount of water contained within the floating
hydrogel pellets which is a result of the crosslinking and
hydrophilicity.* Due to the use of swellable polymers in
floating hydrogel systems, it is important that the volume
increase and density decrease due to water absorption
in aqueous mediums. The high degree of swelling also
increases buoyancy.” The ~250% swelling of the 6B

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 1 (Suppl) | Jan-Mar, 2022
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Figure 3: Swelling test results of 6B and 6D formulations
after 24 hr.

240

200

160

120

80

Swelling Degree %

40 —e—6B —e—6D

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)

Figure 4: Graph of swelling degrees of 6B and 6D
formulations.

Table 6: Sizes of formulations (minimum. n=30,

meanxSD).

Formulation | Freshly prepared (mm) | Lyophilized (mm)
6B 1.65+0.11 1.47£0.22
6D 1.85+0.12 1.77+0.14

and 6D formulations at the end of 24h compared to
their first weight also supports this theory (Figure 4).
There was no deterioration in the structure of the
pellets during the swelling study. So, this indicates that
the crosslinking is very strong and very beneficial for
prolonged release.

Determination of Particle Size and Size Distribution
of Wet-Dry Pellets

The sizes of the freshly prepared and lyophilized
hydrogel pellets of the selected 6D and 6B formulations
are given in Table 6 as the mean and standard deviation.
Since the standard deviation is very low, we can easily
say that its dimensions are very homogeneous. The
sizes of PG-containing pellets increased in both fresh
and lyophilized compared to empty pellets. In other
words, the presence of PG has increased the size. After
lyophilization, it is usual for the size to decrease due to
the removal of water in the structure of the pellets.

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 1 (Suppl) | Jan-Mar, 2022
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Figure 5: In-vitro release graph of 6D formulation.

In-vitro Release Study and Determination of
Release Kinetics

The graph for release is given in Figure 5. It has been
observed that pellets containing PG in the selected 6D
formulation show a ‘burst effect’ in the first 5 min due
to the hydrophilic structure of PG, and then release
for 24h. The burst effect seen in the eatly stages of the
release study was thought to be due to the fact that PG is
soluble in water and highly water entering the pores due
to the pellets’ porous structure. A similar situation can
be seen in the study of Whitehead ef a/. They emphasized
that the release of amoxicillin trihydrate from the pores
of the beads that they made occurs by diffusion.* This
means that we can give the starting dose to the patient
in treatment. In many of the sustained-release dosage
forms available on the market, the starting dose is
formulated separately and is placed in capsules or tablets.
In our study, this has been realized spontaneously. Our
study has also been gained value when viewed from this
angle. Approximately 80% and 99% of the PG at the
end of ~6 and 24h were released, respectively. We can
say that the network structure created by crosslinking
prolongs the release of PG because of the calcium salt
of pectin. It takes a maximum of 3h for solid dosage
forms to move from the stomach to the intestine,
depending on the stomach content and dosage form.
For this reason, gastroretentive systems such as floating
drug delivery systems are beneficial for extending the
release of drugs.”” It has been made possible for the
formulation we developed to perform PG release on the
gastric fluid surface for 24h.

The kinetic model of PG release from the selected
6D hydrogel pellet formulation was determined by
a computer program. All release kinetics data of 6D
formulation are given in Table 7 below. In the evaluation
made on the value of R? it was observed that the 6D
formulation showed a more suitable release for the
Korsmeyer-Peppas release kinetic model, which explains
the drug release behavior from polymeric systems.

S$15



Table 7: Release kinetics data of 6D formulation
(n=3).
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Table 8: BET surface area, average pore diameter

and pore volume of 6B and 6D formulations.

Figure 6: SEM images and digital photos of 6B and 6D formu-
lations freshly prepared (a, b) and after lyophilization (c, d).

This model also shows that drug release is diffusion-
controlled.”

Morphological-Organoleptic Control

After the pre-formulation development studies, all
formulations were subjected to organoleptic control.
SEM images and digital photos of 6B and 6D
formulations freshly prepared and after lyophilization
are given in Figure 6. These formulations were found to
be spherical with a smooth surface and homogeneous
size. Their color is transparent, and the surface is very
smooth, as seen in Figure 5. The surfaces of the pellets
were determined by SEM images that the 6D hydrogel
pellets were rougher and larger than 6B hydrogel pellets.
The growth of the size is also proof that PG is loaded.

$16

R? 6B 6D
q ’ ~ 2
Formulation Zero-Order glrdst Kc:Drsmeyer Higuchi BET surface area (m?/g) 1.8836 0.0569
eIty SIS Average pore diameter (nm) 13.4535 9.2726
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Figure 7: The pore size distributions and N2 adsorption-
desorption isotherms of 6B (a, b) and 6D (c, d) formulations.

Determination of Surface Area and Pore Analysis

The pore characteristics of 6B and 6D floating hydrogel
pellets formulations are shown in Table 8. BET surface
area, average pore diameter, and pore volume of
the 6B formulations were 1.8836 m*/g, 13.4535 nm,
and 0.007468 cm’/g, respectively. BET surface atea,
average pore diameter, and pore volume of the 6D
formulations values were 0.0569 m*/g, 9.2726 nm, and
0.006491 cm?®/g, respectively. The surface area of 6D
formulations is approximately 33 times smaller than
blank pellets due to the shrinkage of the pores due
to PG loading. Also, the results show that there is a
decrease in average pore diameter and pore volume after
PG loading; This confirms that PG is located inside the
mesoporous channels. Also, this is consistent with a
lower size distribution due to their shrinkage. Figure 7
shows the pore size distributions and N2 adsorption-
desorption isotherms of 6B and 6D formulations. As it
is understood from the Figure, the isotherm conforms
to type IV. Type IV shows a hysteresis loop, i.e., the
adsorption and desorption isotherms do not coincide
over a certain region of external pressures. The type
IV isotherm is typical for mesoporous materials. At
low pressures, first, an adsorbate monolayer is formed
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on the pore surface, which is followed by multilayer
formation.”’ According to the International Union of
Pure and Applied Chemistry (IUPAC) nomenclature,
potes are roughly classified into the following groups:
macropores >50 nm, mesopores in the range of
2.0-50 nm, and micropores <2.0 nm. The hysteresis loop
indicates that the mesoporous structures exist in both
6B and 6D formulations.” When the pore diameters are
examined, blank pellets have two pore size distributions
around 1.7-114 nm, the first is 1-50 nm (mesopores),
and the second one is >50 nm (macropores). But, 6D
formulations have a size distribution ranging from
1.7-46 nm. 6D formulations contain no macropore
compared to blank pellets. However, we can identify it
as mesoporous because it contains very little micropore
for the structure. The smaller pore diameters in the
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Figure 8: Spectrums of 6D (a), CaCl, (b), NaHCO, (c), Pectin
(d) and PG (e).
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Figure 9: X-ray diffractogram of PG and 6D formulation.

6D formulations also indicate that PG is placed in the
structure.

FT-IR Study

The received spectra of the PG, 6D hydrogel pellet
formulation, and formulation excipients are given in
Figure 8 below. IR spectra were taken to investigate
drug-polymer compatibility. There was no chemical
interaction, and the band voltage frequencies belong
to the PG spectrum were also detected in the 6D
formulation. 2954.96 cm™ (C—H stretch), 1643.50 cm™
(N-H bend, NH, scissoring), 1546.45 cm™ (N-O
asymmetric stretch), 1469.95 cm™ (C-H bend), 1333.74
cm™' (N-O symmetric stretch), 1277.81 em™ (C-O
stretch), and 931.09 cm™ (O-H bend) peaks are specific
for PG.""* Some characteristic PG peaks are also
included in the 6D formulation spectrum. It is observed
that the dectrease in sharp peaks in the 6D formulation
compared to the PG pure peak is entrapped within
the pectin pellets, and there appears to be a decrease
in peaks due to formulation-forming excipients. In
similar studies, this situation is observed for active

substances.”>**

XRD Study

The determination of the physical state of the drugin the
multiple unit systems is important. The X-ray diffraction
analysis helps to determine the crystal or amorphous
nature of the drugs in drug delivery systems.” X-ray
diffractogram of PG and 6D formulation are given in
Figure 9. Characteristic crystalline peaks of PG were
observed in the diffractogram prominently. The main
thermal characteristic sharp peaks of crystalline PG
were recorded between 10-50 26. In the 6D formulation
diffractogram, characteristic sharp peaks of PG crystals
were partially absent. This showed that PG might be
present in the amorphous form after its encapsulation in
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the hydrogel pectin formulation.” In a study conducted
by Arafa et al., a similar situation was encountered, and
sharp peaks were reduced as a result of PG amorphism.”’

CONCLUSION

In this research, a new drug-containing formulation
has been developed for PG, which is prescribed for
neuropathic pain, post-herpetic neuralgia, radicular pain,
and fibromyalgia. Formulations have been developed by
the ionotropic gelation method using fewer excipients
which is a simple, reproducible, and easily adaptable
method to the industry. The formulations have
been successfully characterized by evaluating many
parameters. The strong crosslinking of the pectin with
the calcium salt resulted in a prolonged release. With this
study, a sustained release has been achieved owing to
pectin pellets, which can release for 24h in the contents
of the stomach. Unlike extended-release preparations
containing PG, the
market, this release was achieved without using any

available in pharmaceutical
film coating agent. Optimum results were obtained in
characterization studies. As a result of BET analysis, it
has been proven that the structure is porous and there is
no change in the chemical and crystal structure of PG
by FT-IR and XRD studies. It is thought that this study
will be an alternative dosage form that patients with
neuropathic pain can benefit from, with fewer doses
and fewer side effects.
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ABBREVIATIONS

PG: Pregabalin; FT-IR: Fourier Transform Infrared;
SEM: Scanning Electron Microscopy; BET: Brunauer-
Emmett-Teller; XRD: X-ray diffraction; NaHCO,;:
sodium bicarbonate; CO,: carbon dioxide; GABA:
gamma-aminobutyric acid; CaCl,: calcium chloride;
HCI: hydrochloric acid; HPLC: High Pressure Liquid
Chromatography; pg: microgram; mL: milliliter; pm:
micrometer; LOD: limit of detection; LOQ: the limit of
quantification; rpm: revolutions per minute; M: molar;
°C: degree Centigrade; USP30/NF25: United States
of Pharmacopoeia/National Formulary; BJH: Barrett-
Joiner-Halenda; °K: degree Kelvin; cm: centimeter;
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kV: kilovolt; mA: miliAmper; nm: nanometer; min:
minutes; g: gram; mm: milimeter; h: hour.
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PICTORIAL ABSTRACT SUMMARY

Floating drug systems are useful systems that can
increase the duration of drugs in the stomach. Floating
systems are low-density systems with sufficient lifting
power that can float for an adequate time without
being affected by gastric content and emptying of the
stomach and remain floating in the stomach for a long
time. Pregabalin is similar to gamma-aminobutyric acid
(GABA), which is the neurotransmitter of mammals
with both structural and pharmacological properties.
Its primary effect is anticonvulsant, and it is used in

SEM images of 6B and 6D formulations

// / epilepsy. In this study, floating pellet systems, which
- have been studied frequently today, were developed
N2 adsorption-desorption isotherms of 6B and 6D formulations and characterized for pregabalin and bring a new

wnonen P

approach to widely used oral drug therapy. The strong
crosslinking of the pectin with the calcium salt resulted
in a prolonged release. With this study, a sustained
release has been obtained, which can release for 24h
in the contents of the stomach. This release profile
was achieved without using any film coating agent.
As a result of BET analysis, it has been proven that
the structure is porous, and there is no change in the
chemical and crystal structure of PG by FT-IR and
XRD studies. It is thought that these pellets will be an
alternative dosage form that patients with neuropathic
pain can benefit from, with fewer doses and fewer side
effects.

FT-IR spectrums and X-ray diffractograms of PG (a) and 6D formulation (e)

About Author

Rukiye Seving Ozakar is an Assistant
Professor. She is working in the area
of nano-sized drug delivery systems,
gastroretentive drug delivery systems,
thin film formulations and gel systems,
etc. She has a silver medal patent award
from 5th Istanbul International Inventions
Fair, ISIF-2020, TURKEY.

Cite this article: Seving Ozakar R. Development and in vitro Characterization of Gastroretentive Formulations
as Calcium Pectinate Hydrogel Pellets of Pregabalin by lonotropic Gelation Method. Indian J of Pharmaceutical
Education and Research. 2022;56(1s):s9-s20.

S20 Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 1 (Suppl) | Jan-Mar, 2022





