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Abstract

Lornoxicam is a member of oxicam family and nonsteroidal anti-inflammatory drug (NSAID),
possessing short half-life. This study was opted to fabricate, optimize and evaluate lornoxicam bilayer
tablets, which exhibit initial burst release of the drug inside the stomach and adhere to the release
specifications of sustained release pharmaceuticals. The suggested bilayer tablets consist of two
layers i.e. immediate release (IR) and sustained release (SR), in anticipation of initial drug release
that begins inside the stomach to quickly relieve the symptoms with persistent action in the intestine
to continue extended analgesic efficacy. Various formulations of bilayer tablets were produced using
direct compression technique by altering the concentration of polymers, like guar gum, Carbopol
940P and HPMC K4M. The drug excipients compatibility was confirmed by FTIR scans. The
formulations displaying the necessary flow characters were subjected to compression after the
micromeritic characteristics of powder mixes were assessed. Various physico-chemical
characterization tests were evaluated, and the multiple point in-vitro drug dissolution was achieved
at pH 7.4. In-vitro drug release behavior demonstrated a profile of biphasic release, suggesting
lornoxicam release from IR layer within 15 min while SR layer maintained drug release control for
up to 24 hours. Model dependent as well as independent approaches were put in place to compare
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Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

dissolution profiles of formulations. F9 was chosen as the best trial formulation based on controlled
release pattern and physico-chemical characterization, including stability determination. The trial
lornoxicam bilayer tablet formulations (F1-F9) complied with Fickian diffusion mechanism and zero-
order release kinetics (n = 0.364-0.445). ANOVA statistical analysis revealed that the cumulative
quantity of drug released after 15 min did not change significantly from optimized formulation,
however the amount released after 24 h did differ significantly (p<0.05). Thus, the outcomes clearly
indicated that the natural polymer guar gum was preferred for ensuring a biphasic release profile of
lornoxicam.

Keywords: Lornoxicam, direct compression, FTIR analysis, guar gum, biphasic release.

1. Introduction

The administration of active pharmaceutical substances to achieve optimum pharmacological or
therapeutic response in humans or animals is termed as drug delivery (1). While considering drug
delivery, the oral route is regarded as the most convenient, practical and appropriate approach, with
several advantages including self-administration, cost effectiveness, non-invasiveness, safety and
enhanced patient compliance (2). The development of dosage forms for the controlled release of oral
formulations is of paramount importance in novel drug delivery systems (3). Literature suggests that
more than 90% of drugs are meant to be taken orally. This demonstrates the widespread acceptance
of this formulation type; hence, the bulk of studies prefer to concentrate on it (4).

Lornoxicam, a non-steroidal anti-inflammatory drug (NSAID), has been used to treat colonic and
inflammatory bowel diseases (5). It works by preventing prostaglandins formation, just as other
NSAIDs (6). Both tablets for oral usage and injections for intravenous use of lornoxicam are readily
available. Drug is often taken in doses of 4 mg TID or 8 mg BID, with 0.2 L/kg volume of distribution
(7). After oral administration, it undergoes significant and variable first pass hepatic metabolism with
a shorter half-life of 3 to 5 h, as compared to other oxicams. Rapid and complete gastrointestinal
absorption characterizes lornoxicam. In about 2 to 2.5 hours, the drug's plasma concentration reaches
its peak (8). The plasma concentration of drug increases linearly with the dose and frequency of
administration. In plasma, lornoxicam can be found either in its unmodified form or as its inactive
hydroxylated metabolite (9). Additionally, lornoxicam is also associated with various gastrointestinal
side effects such as ulceration and local gastric irritation.

Tablets have many advantages over other pharmaceutical dosage forms because of their ability to
mask taste, improved stability, method of administration, and cost effectiveness (10). Even though
immediate release tablets have many benefits, they also have some drawbacks. It may be challenging
for elderly people with co-morbidities to take immediate release tablets three or four times per day
(11). Based on these factors, a novel oral drug delivery system in the shape of a tablet was suggested,
known as bilayer tablet.

Bilayer tablets have been designed to provide controlled drug delivery with preset release patterns
(12). The objectives of opting for such dosage form include prevention of chemical incompatibilities
between active drug substances by means of physical separation as well as investigation of various
drug release patterns i.e. immediate release along with extended release (13). Such type of drug
delivery systems is intended to release the drug at two different times and rates (either slow/quick or
quick/slow). One portion is designed to achieve a rapid release of the double component drug in order
to quickly attain a high serum concentration. The second part is a sustained release layer, which
ensures that the drug release takes place over a long time period. Because a quick increase in blood
concentration results from drug release from a fast-releasing component, therefore the
pharmacokinetic advantage depends on the plasma level. The drug release from sustained layer is
responsible to maintain the drug plasma concentration at a steady state level (14). This kind of
approach is typically employed when rapid attainment of relief is required, which is then controlled
by sustained release phase to prevent repeated administration. According to reports, NSAIDs
represent ideal choice for such type of drug delivery systems (15). Utilizing various ethocel and
methocel concentrations, Noreen et al. successfully developed and assessed sustained release
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lornoxicam tablets using the direct compression method (5). Similarly, Tung et al. formulated unique
biphasic delivery system for lornoxicam by integration of drug nanocrystals into a sustained release
matrix based on HPMC (16).

The challenge of drug administration has certainly benefited from polymers application in
pharmaceutical as well as medicinal fields. Polymers are termed as sophisticated pharmaceutical
excipients which can delay the release of a drug for the desired time period (17). Therefore, the type
and quantity of the retardants are key factors in the formulation of controlled release dosage forms
(18). Researchers have used a variety of polymers, such as natural, synthetic, semi-synthetic, pH
dependent, hydrophilic and hydrophobic, to develop a variety of controlled release products. To
develop water soluble matrices, hydrophilic retardants such as natural gums, cellulose esters, sodium
carboxymethyl cellulose, and hydroxyl propyl methyl cellulose (HPMC) are widely used. Water
insoluble matrices are generally formed from hydrophobic retardants which include stearic acid, ethyl
cellulose, glyceryl monostearate and methacrylic resin (19). Taking altogether, the current study was
proposed to design, develop and characterize a biphasic delivery system as a bilayer lornoxicam tablet
by employing numerous hydrophilic polymers of natural (guar gum), synthetic (carbopol) and semi-
synthetic (HPMC) origin.

2. Materials & Methods

2.1. Materials

Lornoxicam was received as a gift by Wilshire Pharma Private Limited, Lahore. Polymers employed
were carbopol, guar gum and HPMC K4M (Sigma Aldrich, USA). Starch 1500, microcrystalline
cellulose, carboxymethyl cellulose, magnesium stearate and talc (Sigma Aldrich, USA) were used as
disintegrant, diluent, binder, lubricant and glidant, respectively. The chemicals were of analytical
grade and were used without being further purified.

2.2. Methods

2.2.1. Pre-formulation Studies

2.2.1.1. Solubility Studies

As the drug bioavailability is highly reliant on absorption and dissolution parameters after oral
administration, the solubility of the active component plays a significant role in pre-formulation
investigations. The particle size, surface area and morphological characteristics are the main factors
influencing drug dissolution, hence it is crucial to take solubility into account throughout the pre-
formulation process (20).

To ascertain the solubility of lornoxicam in different solvents at varied pH, a saturated solubility
experiment was conducted. In this case, an excessive amount of the drug i.e. 1 g was introduced into
various selected solvents (10 ml) to obtain saturated drug solutions in closed containers. They were
introduced in a shaking water bath at 25 + 1 °C for 24 h. After a predetermined time interval, aliquots
from the clear supernatants were removed and diluted with distilled water for spectrophotometric
analysis at a maximum wavelength of 378 nm (21).

2.2.1.2. FTIR Analysis

The careful excipient selection is crucial for the effectiveness, success and stability of solid dosage
forms. Finding suitable excipients that show compatibility with the active drug substance and don't
interfere with its stability are the main goals of compatibility studies (22). The samples of pure drug
and its physical mixtures with polymers were subjected to FTIR analysis (Spectrum 100, Perkin
Elmer, USA) by placing them on KBr discs. Scans were recorded from 4000 — 625 cm™, and the
produced spectra were compared to look for any discernible variations (23).

2.2.1.3. Micromeritical Characteristics

The flow properties of drug, polymer and excipients blend should be within the acceptable official
limits in order to produce satisfactory formulations. These characteristics include angle of repose,
bulk and tapped densities, compressibility index and Hausner’s ratio. Before initiating the formulation
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development, these micromeritical parameters should conform to the pharmacopeial standards. The
angle of repose was determined by noting the height (h) and radius (r) of powder bulk and fitting in
the following equation (24):

Angle of repose (0) =tan™* h/r

Bulk and tapped densities are important to calculate compressibility index. Both type of densities
were calculated according to following equation by graduated cylinder method (25):

Bulk Density (pouik) = W / Vbuik

Tapped Density (ptapped) = W / Viapped

Carr’s Index = (prapped - Pbulk / Ptapped) * 100

Finally Hausner’s ratio was obtained by the ratio of taped density to bulk density (26).

Hausner’s Ratio = prapped / pbulk

2.2.2. Preparation of Lornoxicam Bilayer Tablets

For the formulation of immediate release and controlled release layers, 4 mg and 12 mg of lornoxicam
were used, respectively. The formulation of immediate release (IR) layer was accomplished by
passing the precisely weighed drug through sieve number 40, together with starch 1500 and CMC as
a dry binder. The sieved mixture was put in a plastic bag and stirred for five minutes. The resulting
mixture was lubricated using magnesium stearate for 2 minutes that had been processed through a
sieve number 60 (27). The formulation of controlled release (CR) layer was achieved by the addition
of drug with CR polymers like guar gum, carbopol and HPMC K4M, along with CMC (dry binder)
and MCC (diluent). The resultant mixture was then passed through sieve number 40 and thoroughly
blended in a plastic bag. Talc and magnesium stearate that had been processed through sieve 60 were
used to lubricate the resultant mixture (28). Tables 1 and 2 list the composition of IR and CR layers,
respectively:

Table 1. Formulation chart of IR layer of lornoxicam bilayer tablets

Constituents Quantity / tablet (mg)

Lornoxicam 4

Starch 1500 44

CMC 1.5

Magnesium 0.5

stearate

Total 50

Table 2. Formulation chart of CR layer of lornoxicam bilayer tablets

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9
Lornoxicam 12 12 12 12 12 12 12 12 12
Carbopol 60 75 90 - - - - - -
HPMC K4M - - - 60 75 90 - - -
Guar gum - - - - - - 60 75 90
MCC 70 55 40 70 55 40 70 55 40
CMC 5 5 5 5 5 5 5 5 5
Magnesium Stearate 15 15 15 15 15 15 15 1.5 1.5
Talc 15 15 15 15 15 15 15 1.5 1.5
Total 150 150 150 150 150 150 150 150 150

2.2.3. Bilayer Tablet Compression

Initially, the CR layer blend was introduced into the die, followed by its pre-compression by means
of single punch tablet machine (AR 400, Erweka, GMBH, Germany). Then specific quantity of IR
layer blend was added to pre-compressed CR layer blend manually and compressed directly to
produce bilayer tablets with appropriate hardness of 6-8 kgcm2 (14).
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2.2.4. Characterization of Bilayer Tablets

2.2.4.1. Dimensional Specifications

The thickness and diameter of produced batches of bilayer tablets were specified in terms of
dimensions. After careful calibration, a vernier caliper (Erweka, Germany) determined the thickness
and diameter of the bilayer tablets (29). The results were averaged in the form of mean = SD.

2.2.4.2. Hardness Test

Bilayer tablets should be strong enough to withstand breaking while being handled normally, but they
should also be soft enough to enable appropriate dissolution profile after oral administration. A
hardness tester (Erweka, Germany) was used to quantify each tablet's hardness. The experiment was
triplicated and averaged (30).

2.2.4.3. Friability

Friability of bilayer tablets was determined by Roche friabilator, according to the pharmacopeial
procedure (31). The equation shown below was used to compute the percentage decrease in weight
or friability.

Friability (%) = (Wo— W / Wo) * 100

2.2.4.4. Weight Variation Test

For weight uniformity, the randomly selected tablets (20) were individually weighed, mean weight
determined, and then the individual weights were compared to the average. The produced bilayer
tablets pass the test if no more than two of the individual weights differ by more than 7.5 % from the
average weight (200 mg), and no weights differ by more than twice that amount (32).

2.2.4.5. Content Uniformity Test

A validated technique was used to measure the quantity of lornoxicam at 378 nm using a UV
spectrophotometer (UV-1601, Shimadzu, Japan) after the appropriate dilutions were produced using
pH 7.4 phosphate PBS. Triplicate readings were recorded and shown as mean = SD (33). The
following equation was used to compute the drug content.

Drug Content (%) = Absorbance of sample / Absorbance of standard * 100

2.2.4.6. In-vitro Drug Release

Rotating basket method was employed to assess the in-vitro drug release profile of compressed
bilayer tablets. The tablets were introduced into PBS pH 7.4 (900 ml) as dissolution medium kept at
37 £ 0.5°C, and the baskets were allowed for rotation at 50 rpm speed. At specified intervals, aliquots
(5 ml) were removed using a syringe equipped with a pre-filter (0.45 um) and promptly refilled with
equal volume of fresh medium kept at the same temperature. Using a UV spectrophotometer (UV-
1601, Shimadzu, Japan), the samples were examined for the presence of lornoxicam at 378 nm. The
percent drug release was determined through the equation generated from standard calibration curve
(34). Triplicate readings were taken and averaged.

2.2.4.7. Kinetic Modeling

The dissolution data was fitted to various well-known release models, including zero-order kinetics,
first-order kinetics, Hixon-Crowell model, Higuchi model and Korsemeyer Peppas equations, as part
of a model dependent strategy. Using zero or first orders kinetics, drug release order from matrix
systems was characterized, and the drug release mechanism was defined using the Higuchi, Hixon-
Crowell and Peppas equations (35).

2.2.4.8. Model Independent Approaches

2.2.4.8.1. Difference and Similarity Factors

The total of the vertical distance values between the test and standard values at each point of
dissolution time is essentially expressed using the difference factor (f1). It is determined using the
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following equation. The dissolution behavior of two brands is said to be different by a value of f;

between 0 and 15.
n
1= {(Z Rt)}* 100

t=1

The similarity factor (f2) is defined as the log reciprocal square root of one plus the mean squared
difference in percent drug dissolution between the test and reference products. The following equation
may be utilized to compute f2. In order to measure f2, it should be close to 100, however a value of f>
greater than 50 is also acceptable (28).

n
1
f2 =50+log log [1+ [E] 2 (Rt — Tt)?]7%% % 100
t=1

The F9 formulation, which exhibited outstaﬁding physicochemical features and release
characteristics, was chosen as the reference to determine f; and f, for all formulations because
sustained release dosage forms were not readily accessible in the local market.

2.2.4.9. Stability Determination

Lornoxicam bilayer tablets that had been chosen for optimization were subjected to storage at 25 °C
and 40 °C, in accordance with ICH guidelines. The stability chamber (Ti-Sc-THH-07-0400
Faisalabad, Pakistan) was employed for this purpose. The percent humidity readings at 25 °C
(ambient) and 40°C (accelerated) were 65 % and 75 %, respectively. The matrices had to be heated
to 25 °C and 40 °C for this test in order to assess the effects of ambient temperature and accelerated
temperature, respectively. Bilayer tablets were exposed to different quality control (QC) tests, like
thickness, diameter, hardness, friability, weight variation, content homogeneity and in-vitro
dissolution, at predetermined intervals of 0, 1, 2, 3 and 6 months (36).

2.2.5. Statistical Analysis

All the tests were conducted in triplicates and findings were shown in the form of mean + SD. One
way ANOVA and student’s t-test were used for statistical analysis and p value less than 0.05 was
deemed significant.

3. Results & Discussion

3.1. Solubility Experiment

A drug's solubility is essential for ensuring optimal bioavailability. The most frequent challenge in
the formulation of new pharmacological moieties is low water solubility. Most medications have
either an acidic or a basic nature and have very little water solubility (37). Moreover, lornoxicam has
a poor solubility in water. To ascertain the solubility of lornoxicam in different solvents, a saturated
solubility experiment was conducted. Figure 1 shows experiments on the solubility of lornoxicam in
a variety of solvents, including water, 0.1 N HCI, 0.1 N NaOH, and PBS (pH 6.8, 7.2 and 7.4)
maintained at 25 °C, 37 °C and 40 °C. It is evident that lornoxicam is least soluble in water and most
soluble in PBS at pH 7.4. These results concurred with those of Hashmat et al. who discovered that
PBS at pH 7.4 displayed the maximum drug solubility. Also, it has been discovered that, generally
speaking, as temperature rises, so does drug solubility; as a result, lornoxicam's solubility in all
solvents increased at a higher temperature i.e. 40 °C. The majority of pharmaceuticals have positive
integer values for their heat of solution, which might lead to a better solubility profile whenever the
system's temperature is raised. This may be the origin of the heat absorption phenomena (21).
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Figure 1. Solubility study of lornoxicam in various solvents carried out at different temperatures.

3.2. Micromeritic Characteristics

Direct powder compression requires better powder flow characteristics and a higher compressibility
index than granulation technique, hence excipients for direct compression method must have these
qualities. In order to analyze the flow characteristics and compressibility of a powder mass, the
micromeritic properties were evaluated. Formulations with acceptable to good flow performance
were compressed based on their micromeritic characteristics before further characterization (38).
For lornoxicam trial batches i.e. F1-F9, it was demonstrated that the Hausner’s ratio, angles of repose
and Carr’s index were all less than 1.2, 30° and 15%, respectively, suggesting the free-flowing
character of the powder mixes for F1 to F9 trial batches (Table 3). Findings from this analysis were
comparable to those from Noreen et al., who produced lornoxicam sustained release tablets by means
of ethyl cellulose and methyl cellulose as polymers (5).

Table 3. Micromeritic properties of lornoxicam trail formulations (F1-F9) (mean + SD, n=3)

Formulation  Angle of Repose (°) Carr’s Index (%) Hausner’s Ratio
s

F1 26.3+0.17 12.63 £ 0.25 1.13+0.01
F2 27.9+0.63 11.13+0.12 1.14 £0.03
F3 25.8£0.52 12.96 + 0.66 1.12 +0.07
F4 26.9 +0.89 13.43+0.41 1.10£0.05
F5 28.3+0.99 14.89 £ 0.21 1.14 +0.04
F6 24.7 £ 0.47 13.58 £0.09 1.15+0.01
F7 25.9£0.63 12.47 £ 0.52 1.16 +0.08
F8 27.1+0.23 11.32+0.14 1.10+0.03
F9 25.3+0.12 14.11+£0.31 1.11+0.01

3.3. FTIR Study

The interactions between the active moiety (lornoxicam) and polymers utilized in the formulation of
lornoxicam bilayer tablets were examined using FTIR analysis. The pure lornoxicam showed
characteristic band peaks at 3062.32 cm™ (N-H stretching), 1645.23 cm™and 1625.02 cm™ (primary
amide stretching), 1589.63 cm™ and 1528.58 cm™ (secondary amide stretching), 1375.59 cm™ and
1140.23 cm™ (R-SO2-R stretching) (39). As with individual FTIR spectra of lornoxicam, the FTIR
spectra of the physical drug mixture in combination with polymers displayed all the major
representative peaks as detected in those spectra, rejecting the likelihood of any conceivable
interaction. The detected peaks agreed with the data of an earlier work conducted by Naseem et al.
while developing the metronidazole floating effervescent tablets (40). No pharmacological
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interaction with the excipients was found when FTIR spectra were examined since no extra peak was
found (Figure 2).
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Figure 2. FTIR spectra of (A) lornoxicam and (B) physical drug mixture with polymers

3.4. Post-Compressional Characteristics

The tablet's physical characteristics were deemed to be good. There were no signs of common tablet
flaws such capping, chipping, or picking. The features of each batch of bilayer tablet formulations,
including hardness, friability, diameter, thickness, weight variation and drug content, are shown in
Table 4. The trial formulations' weight variation findings showed minor standard deviation, which
was found to be within acceptable limits (7.5 %) due to the drug's outstanding flowability and proper
mixing with other formulation excipients (41). The fact that all batches had < 1 % friability shows
that tablet surfaces are robust enough to survive mechanical stress or attrition while being stored,
transported and up until consumption (42). The tablets were determined to have hardness between
6.5-7.5 kgecm™. It was found that the hardness rose in direct proportion to the polymer content. By
entanglement, polymers would likely improve the binding abilities of active moiety and other
adjuvants (43).

All testing batches of tablets were determined to have dimensions that were within the limitations,
including thickness and diameter. It was discovered that thickness and diameter, measuring 3.5 mm
and 6 mm, respectively, remained constant throughout the compression cycle. All batches' drug
content was confirmed to be within the acceptable range i.e. 90-110 %. Low standard deviation
values for the drug content suggested that the drug was distributed uniformly across all of the
produced tablets (44). As a result, it was determined that the lornoxicam bilayer tablets were of high
quality and met all approved tablet official compendia.

Nagesh et al. demonstrated similar outcomes while preparing lornoxicam bilayer tablets by utilizing
excipients such as Kyron 314 and Polyox 303 (45). Our findings also corroborate with those of Pagar
et al. who formulated lornoxicam sustained release tablets by utilizing ethyl cellulose and HPMC
K100M as matrix formers (6).

Table 4. Micromeritic characteristics of various formulation batches of lornoxicam bilayer tablets

F.Code Hardness Friability*  Thickness Diameter  Weight Variation Percent Drug

(kg/cm?)* (mm)* (mm)* (mg) ** Content *
F1 6.2+0.21 0.41+0.01 3.65+0.12  6.24+0.11  203+6.39 95.21+3.96
F2 6.8+0.20 0.78+0.13 3.68+0.23  6.43+x0.09 207+5.48 98.09+2.89
F3 7.4+0.15 0.83+0.10 3.52+0.45  6.55+0.42  199+6.47 98.63+6.41
F4 6.1+0.36 0.73+0.34 3.45+0.09  6.14+0.07 201+9.87 96.13+4.59

Vol.31 No.04 (2024): JPTCP (84-98) Page | 91


https://jptcp.com/index.php/jptcp/issue/view/79

Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

F5 6.3+0.23 0.95+0.10 3.67+0.10 6.33+0.16 210+6.16 96.71+4.12
F6 6.9+0.39 0.67+0.13 3.70+0.22  6.48+0.52 212+5.87 99.03+3.87
F7 6.5+0.19 0.54+0.21 3.54+0.13  6.74+0.47  214+9.26 98.13+2.99
F8 6.9+0.20 0.62+0.22 3.63+0.41  6.82+0.34  206+9.36 99.01+6.29
F9 7.3+0.17 0.55+0.24 3.87+0.20  6.31+0.19  204+5.22 98.56+5.33

* values shown as mean + SD, n=10 and ** values shown as mean + SD, n=20

3.5. In-vitro Drug Dissolution

Several retarding polymers (carbopol 934P, HPMC K4M and guar gum) were used in varied
concentrations (5 %, 6.25 % and 7.5 % w/w) to develop bilayer tablets. All of the tablets released
more than 99 % of the drug. When solid matrices come into contact with aqueous environment,
carbopol 934P polymer has a tendency of hydration, generating a thin gel that progressively erodes
as the polymer dissolves (46). This is because the polymer can make strong hydrogen bonds with
water upon contact. Fresh surfaces are exposed to the dissolving media as the polymer dissolves;
however, the gel layer does not begin to restrict the polymer's diffusion until after it has formed (18).
The carbopol 934P prepared tablets (F1, F2 and F3) released greater than 99 % of the medication in
4 h, 8 hand 12 h, respectively. More than 99 % of the medication was released after 4, 12 and 16 h,
respectively, in the formulations F4, F5 and F6 using HPMC K4M as a retarding polymer. The
findings also indicated that additional polymer at the surface caused a gel layer to instantly develop
upon contact with the medium, preventing the first burst release of drug (47). This indicates that
polymer dissolution has a significant role in controlling drug release for HPMC grades with lower
viscosities and/or relatively water insoluble pharmaceuticals (48).

Maximum drug release was seen in 8 h, 16 h and 24 h, respectively, when guar gum was utilized in
formulations F7, F8 and F9. Formulation F9 was chosen as an optimized formulation having the
largest quantity of rate retarding polymer (guar gum) needed to control drug release for 24 h. The
loading dosage of lornoxicam was seen to be released from the IR layer in all formulations during the
first 15 minutes of the dissolving trial. Lornoxicam's continued release was monitored for 24 hours.
Figure 3 shows the respective dissolution profiles for each formulation. All of the polymers utilized
in this study were hydrophilic, but the polymers' tendency to swell explained the variation in percent
drug release. The capacity to delay the release of the drug increased in proportion to the polymer's
propensity to expand (49). Drug release percentages for all polymers reduced as polymer
concentration rose. Guar gum was ranked higher than HPMC K4M and carbopol 934P in terms of
the polymers' ability to retard drug release, which also indicates that guar gum had a higher swelling
capacity than the other polymers (50).
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F9
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Figure 3. In-vitro drug release from bilayer tablet formulations (F1-F9)
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3.6. In-vitro Drug Release Kinetics

All the formulations (F1- F9) of lornoxicam released the drug. according to zero order kinetics, which
was demonstrated by greater 'r' values for the zero order as compared to the first order release. Table
5 displays the rate order values and the 'r' values, which varied from 0.9527 to 0.9942. The results of
using the Higuchi model and the Hixon Crowell model to the dissolution data further supported the
respective roles of drug diffusion and erosion to drug release. Diffusion usually plays a role in the
release of the drug from a matrix tablet containing hydrophilic polymers (51). The 'r' values (0.9572
to 0.9943) were found to be greater than for erosion release, indicating that all formulations (F1 to
F9) used a diffusion process. All of the formulations followed the Fickian diffusion process, as
evidenced by the fact that the measured diffusion release's "n" value was smaller than 0.5 (52). All
formulations from F1 to F9 used a Fickian diffusion mechanism with zero order release. Formulation
F9, formulated using guar gum in a drug to polymer ratio of 1:7.5, achieved the desired targeted
release over a 24-hour period, is regarded as the best formulation because it has many advantages
over synthetic and semi-synthetic polymers like carbopol 934P and HPMC K4M due to the polymer's
natural origin. Analysis of variance (ANOVA) revealed that there was no significant difference in
drug amount for any of the formulations after 15 minutes, but after 24 hours, the optimized
formulation (F9) was significantly different from the other formulations (p <0.05).

Table 5. Fitting of in-vitro drug release data to various kinetic models

F. Zero order First order Higuchi  Hixon Crowell Korsemeyer-
Codes model model Peppas model
r Ko r K1 R r n r

F1 0.9527 1324 0.8650 1.29 0.9932 0.9265 0.4344  0.9913
F2 0.9829 7.89 0.8123 0.45 0.9924 0.8962 0.3757 0.9924
F3 0.9685 7.75 0.8219 0.39 0.9859 0.9299 0.4451 0.9835
F4 0.9536 13,51 0.9034 1.05 0.9943 0.9613 0.4237 0.9683
F5 0.9798 7.89 0.9264 0.29 0.9816 0.8917 0.4136 0.9751
F6 0.9942 5.45 0.8713 0.13 0.9572 0.8166 0.3642 0.9472
F7 0.9847 14.15 0.8900 0.96 0.9897 0.9658 0.4158 0.9695
F8 0.9684 6.80 0.8415 0.21 0.9862 0.9077 0.4356 0.9741
F9 0.9893 4.26 0.8672 0.24 0.9850 0.9672 0.4018 0.9852

3.7. Model Independent Approach

3.7.1. Difference and Similarity Factors

In a model independent study, DD-Solver® software (Microsoft Excel add-in) calculated the
difference (f1) and similarity (f2) factors by comparing formulations to the reference (F9) because
of its favorable quality characteristics and release profile. Table 6 contains indexes.

The drug release pattern for formulation F8 was remarkably similar to the reference formulation (F9),
with the lowest f1 value (7.57) and the highest f2 value (95.53). Most sustained release formulations
compare dissolution characteristics using the similarity test (f2) (53).

Table 6. Difference (f1) and similarity (f2) factors of various formulation batches of lornoxicam
bilayer tablets

Formulation Codes fl 2

F1 24.96 38.45
F2 25.68 33.98
F3 27.99 39.43
F4 14.59 49.92
F5 13.62 47.33
F6 12.99 50.13
F7 10.81 74.63
F8 7.57 95.53
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3.8. Stability Studies

During the stability investigation, an optimized lornoxicam loaded bilayer tablet formulation (F9)
having guar gum at a drug to polymer ratio of 1:7.5 was used. For this, the formulation was stored
for six months at both ambient (25 °C, RH=65%) and accelerated (40 °C, RH=75 %) temperatures.
The bilayer tablets were examined at pre-selected time intervals, 0, 1, 2, 3 and 6 months, for hardness,
friability, dissolution, content uniformity and weight variation. Tables 7 and 8 demonstrate that tests
conducted at the time intervals listed above revealed no significant changes in weight variation,
hardness, friability, percent drug content and percent drug release. Similar outcomes were seen
following storage at accelerated temperature, and tests done at various time intervals after storage at
0, 1, 2, 3 and 6 months, respectively found no significant changes in weight variation, hardness, drug
content, friability, or drug release. It may be stated that lornoxicam bilayer tablets were stable, reliable
and reproducible because there is no noticeable difference in the % drug release.

Table 7. Stability testing of optimized (F9) lornoxicam bilayer tablet formulation under ambient
conditions (mean £ SD, n=3)

Time points Hardness Friability Weight Drug Drug
(months) (kg/cm?) (%) variation (mg) content (%) release (%)
0 7.3+£0.22 0.55+0.32 204+0.41 98.56+2.91  99.74+4.36
1 6.9+0.45 0.5440.02 201+1.54 97.45+3.46  98.47+2.33
2 6.7£1.35 0.68+0.57 199+1.63 95.23+2.31  98.23+4.56
3 6.5+1.40 0.7340.69 188+1.22 94.51+1.33  97.47+8.42
6 6.2+3.62 0.7940.03 202+1.61 92.74+4.12  96.10+6.33

Table 8. Stability testing of optimized (F9) lornoxicam bilayer tablet formulation under accelerated
conditions (mean £ SD, n=3)

Time points Hardness Friability Weight Drug Drug
(months) (kg/cm?) (%) variation (mg) content (%) release (%)
0 7.3£0.22 0.55+0.32 204+0.41 98.56+£2.91  99.74+4.36
1 6.8+0.21 0.63+0.01 202+2.58 96.66+4.12  98.56+3.21
2 6.7+2.65 0.68+0.48 200+2.64 95.01+3.22  97.89+4.67
3 6.6+1.52 0.77+0.96 199+1.97 93.32+1.45  96.64+5.26
6 6.4+0.67 0.80+0.47 200+2.01 91.17£2.64  95.22+2.34

4. Conclusion

The sole accessible dosage form of lornoxicam is an immediate release tablet, which does not meet
the requirements for treating chronic pain. Neither a controlled release dosage form nor a bilayer
dosage form is commercially available. This is accomplished by producing a biphasic release system,
in the form of bilayer tablet characterized by an initial rapid release by the immediate release layer,
followed by controlled drug release from CR layer of bilayer tablet from the optimized formulation
(F9) composed of guar gum, a natural origin polymer utilized in a 1:7.5 ratio of drug and polymer.
The guar gum being natural in origin convincingly delayed the release for 24 hours. The type and
quantity of polymer in the formulation affects the release of the drug. Its biphasic release overcomes
the main drawbacks of controlled release matrix tablets by offering initial burst release (i.e., loading
dosage from the IR layer) within 15 min, followed by a sustained release from the controlled release
layer over a predetermined length of time. It could be inferred that bilayer tablet approach may be
effectively employed to treat chronic painful disorders.

5. References

1. LiC, Wang J, Wang Y, Gao H, Wei G. Recent progress in drug delivery. Acta Pharm Sin B.
2019 Nov 1;9(6):1145-62.

2. Hua S. Advances in Oral Drug Delivery for Regional Targeting in the Gastrointestinal Tract -
Influence of Physiological, Pathophysiological and Pharmaceutical Factors. Front Pharmacol.
2020 Apr 28;11:1-22.

Vol.31 No.04 (2024): JPTCP (84-98) Page | 94


https://jptcp.com/index.php/jptcp/issue/view/79

Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kaur G, Grewal J, Jyoti K, Jain UK, Chandra R, Madan J. Oral controlled and sustained drug
delivery systems: Concepts, advances, preclinical, and clinical status. In: Drug Targeting and
Stimuli Sensitive Drug Delivery Systems. William Andrew Publishing; 2018. p. 567-626.
Akhtar M, Jamshaid M, Zaman M, Mirza AZ. Bilayer tablets: A developing novel drug delivery
system. J Drug Deliv Sci Technol [Internet]. 2020;60:1-10. Available from:
https://doi.org/10.1016/j.jddst.2020.102079

Noreen M, Farooq MA, Ghayas S, Bushra R, Yagoob N, Abrar MA. Formulation and in vitro
characterization of sustained release tablets of lornoxicam. Lat Am J Pharm. 2019;38(4):701-11.
Pagar R, PATIL DM, PAWAR PA, GHULE RS, BAIRAGI VA. FORMULATION AND
DEVELOPMENT OF SUSTAINED RELEASE MATRIX TABLETS OF LORNOXICAM. J
Drug Deliv Ther [Internet]. 2018 Mar 14 [cited 2022 Sep 2];8(2):102-6. Available from:
http://www.jddtonline.info/index.php/jddt/article/view/1693

Vishal M, Anuj K, Pankaj P, Deepti P, Shraddha S, Mansee S, et al. Formulation development
and evaluation of Bilayer tablets of Lornoxicam. Int J Drug Dev Res. 2012;4(2):173-9.
Marzouk M, Ammar A, Darwish M, Ali H. Preformulation, Development and in-vitro Study of
Bilayer Tablets of Lornoxicam. Asian J Pharm Heal Sci. 2017;7(4):1769-79.

Tawfeek HM, Abdellatif AAH, Abdel-Aleem JA, Hassan YA, Fathalla D. Transfersomal gel
nanocarriers for enhancement the permeation of lornoxicam. J Drug Deliv Sci Technol. 2020 Apr
1;56:101540.

Arshad MS, Zafar S, Yousef B, Alyassin Y, Ali R, AlAsiri A, et al. A review of emerging
technologies enabling improved solid oral dosage form manufacturing and processing. Adv Drug
Deliv Rev. 2021 Nov 1;178:113840.

Rahane R, Rachh PR. A REVIEW ON FAST DISSOLVING TABLET. J Drug Deliv Ther
[Internet]. 2018 Sep 6 [cited 2022 Sep 2];8(5):50-5. Awvailable from:
http://www.jddtonline.info/index.php/jddt/article/view/1888

Panda S, Mishra B, Behera S. Bi-Layer Tablets: An Emerging State of Art Technology in Dosage
Form Design. J Adv Nanotechnol its Appl [Internet]. 2021 [cited 2022 Sep 2];3(2):1-14.
Available from: https://doi.org/10.5281/zenodo.5515151

Annapurna U, Priyanka KS. Bilayer Tablets-A Review. Res J Pharm Tech [Internet]. 2019 [cited
2022 Sep 2];12(1):385-90. Available from: www.rjptonline.org

Rao AL, Sandhya T, Mahalakshmi PS, Raasi KM, Durga SJSL, Teja N. Formulation and
evaluation of sustained release bilayer tablets of losartan potassium. Asian J Pharm.
2021;15(2):268-77.

Usnale V, Nadiwade N, Bendsure A. BILAYER TABLET: REVIEW. World J Pharm Res
[Internet]. 2017 [cited 2022 Sep 2];6(10):337-57. Available from: www.wjpr.net

Tung NT, Dong THY, Tran CS, Nguyen TKT, Chi SC, Dao DS, et al. Integration of lornoxicam
nanocrystals into hydroxypropyl methylcellulose-based sustained release matrix to form a novel
biphasic release system. Int J Biol Macromol. 2022 Jun 1;209:441-51.

Debotton N, Dahan A. Applications of Polymers as Pharmaceutical Excipients in Solid Oral
Dosage Forms. Med Res Rev [Internet]. 2017 Jan 1 [cited 2022 Sep 2];37(1):52-97. Available
from: https://onlinelibrary.wiley.com/doi/full/10.1002/med.21403

Sharma D, Dev D, Prasad DN, Hans M. Sustained Release Drug Delivery System with the Role
of Natural Polymers: A review. J Drug Deliv Ther [Internet]. 2019 Jun 15 [cited 2022 Sep 2];9(3-
5):913-23. Available from: http://www.jddtonline.info/index.php/jddt/article/view/2859

Kumar AR, Aeila ASS. SUSTAINED RELEASE MATRIX TYPE DRUG DELIVERY
SYSTEM: AN OVERVIEW. World J Pharm Pharm Sci [Internet]. 2019 [cited 2022 Sep
2];9(1):470-80. Available from: www.wjpps.com

Zhang X, Xing H, Zhao Y, Ma Z. Pharmaceutical Dispersion Techniques for Dissolution and
Bioavailability Enhancement of Poorly Water-Soluble Drugs. Pharmaceutics [Internet]. 2018 Jun
23 [cited 2023 Mar 12];10(3):74. Available from: https://www.mdpi.com/1999-
4923/10/3/74/htm

Hashmat D, Shoaib MH, Ali FR, Siddiqui F. Lornoxicam controlled release transdermal gel

Vol.31 No.04 (2024): JPTCP (84-98) Page | 95


https://jptcp.com/index.php/jptcp/issue/view/79

Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

22.

23.

24.

25.

26.

27.

28.

29.

30.

patch: Design, characterization and optimization using co-solvents as penetration enhancers.
PLo0S One. 2020;15(2).

Dudhat KR. The Overview of Oral Solid Dosage Forms and Different Excipients Used for Solid
Dosage Formulation. Glob Acad J Pharm Drug Res [Internet]. 2022 [cited 2023 Mar 9];4(3):66—
72. Available from: https://www.gajrc.com

Burki IK, Khan MK, Khan BA, Uzair B, Braga VA, Jamil QA. Formulation Development,
Characterization, and Evaluation of a Novel Dexibuprofen-Capsaicin Skin Emulgel with
Improved In Vivo Anti-inflammatory and Analgesic Effects. AAPS PharmSciTech. 2020 Aug
1;21(6):1-14.

Ovenseri AC, Uhumwangho UM, Obarisiagbon AJ, Umechukwu CP. Formulation of non-
effervescent floating matrix tablets of metronidazole using Abelmoschus esculentus gum as
binder and 2-camphanone as sublimating agent. J Phytomedicine Ther. 2020;19(1).

Rashmitha V, Rao MY, Pavani S. FORMULATION AND EVALUATION OF FENOVERINE
FLOATING TABLETS. Asian J Pharm Clin Rsearch [Internet]. 2021 [cited 2023 Feb
3];14(4):175-80. Available from: http://dx.doi.org/10.22159/ajpcr.2021v14i4.40999.

Jatav R, Singh D, Rathore P, Prakash Jain N, Goswami RB, Jatav Students of MPharm R.
FORMULATION AND EVALUATION OF FLOATING PELLETS OF AMOXICILLIN
TRIHYDRATE FOR ERADICATION OF H.PYLORI. World J Pharm Res [Internet]. 2021
[cited 2023 Feb 14];10(9):1024-47. Available from: www.wjpr.net

Mubeen I, Zaman M, Farooq M, Mehmood A, Azeez FK, Rehman W, et al. Formulation of
Modified-Release Bilayer Tablets of Atorvastatin and Ezetimibe: An In-Vitro and In-Vivo
Analysis. Polymers (Basel) [Internet]. 2022 Sep 9 [cited 2023 Jan 3];14(18):3770. Available
from: https://www.mdpi.com/2073-4360/14/18/3770/htm

Israr M, Pugliese N, Farid A, Ghazanfar S, Di Cerbo A, Muzammal M. Preparation and
Characterization of Controlled-Release Floating Bilayer Tablets of Esomeprazole and
Clarithromycin. Molecules [Internet]. 2022 May 18 [cited 2023 Jan 3];27(10):3242. Available
from: https://www.mdpi.com/1420-3049/27/10/3242/htm

Agrahari P, Singh N, Shende S. FORMULATION AND DEVELOPMENT OF MATRIX
TABLET OF THIOCOLCHICOSIDE. World J Pharm Res [Internet]. 2021 [cited 2022 Oct
21];10(14):1109-24. Available from: www.wjpr.net

Sikdar YKKM, Ahamed A, Mahbubul Alam M, Raihan Sarkar M, Sajeeb BK. Formulation and
In-vitro Evaluation of Bilayer Tablets of Atenolol and Amlodipine. Bangladesh Pharm J
[Internet]. 2019 Jul 21 [cited 2023 Jan 3];22(2):153-69. Available from:

https://www.banglajol.info/index.php/BPJ/article/view/42299

31.

Valte YB, Sangale HA, Kathuria HS, Talele SG, Jadhav AG. Formulation and evaluation of
gastro retentive extended release formulation of metformin hydrochloride. GSC Adv Res Rev
[Internet]. 2020 Feb 28 [cited 2023 Feb 3];2(2):008-17. Available from:

https://gsconlinepress.com/journals/index.php/gscarr/article/view/120

32.

33.

34.

35.

Soni H, Ghulaxe C, Upadhyay S, Pillai S. DEVELOPMENT AND IN VITRO EVALUATION
OF AN ORAL FLOATING TABLET OF METRONIDAZOLE. J Drug Deliv Ther.
2018;8(2):83-6.

Lopez KJS, Vasquez SLG, Vasquez YAG, Suarez AIT, Barranco PG, Gutiérrez MLY, et al.
Formulation and evaluation of gastroretentive floating tablets of metformin hydrochloride based
on effervescence and swelling. Farma J. 2019;4(1):305.

Patel DM, Trivedi R, Patel H. Formulation and Evaluation of Bi-Layer Tablets of Ketorolac
Tromethamine. J Drug Deliv Ther [Internet]. 2021 Jan 15 [cited 2023 Jan 3];11(1):36-41.
Available from: http://jddtonline.info/index.php/jddt/article/view/4487

Elsayed MMA, Aboelez MO, Mohamed MS, Mahmoud RA, EI-Shenawy AA, Mahmoud EA, et
al. Tailoring of Rosuvastatin Calcium and Atenolol Bilayer Tablets for the Management of
Hyperlipidemia Associated with Hypertension: A Preclinical Study. Pharmaceutics [Internet].
2022 Aug 4 [cited 2023 Jan 3];14(8):1629. Available from:

https://www.mdpi.com/1999-4923/14/8/1629/htm

Vol.31 No.04 (2024): JPTCP (84-98) Page | 96


https://jptcp.com/index.php/jptcp/issue/view/79

Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

36. Iffat W, Shoaib MH, Yousuf RI, Qazi F, Mahmood ZA, Muhammad IN, et al. Use of Eudragit
RS PO, HPMC K100M, Ethyl Cellulose, and Their Combination for Controlling Nicorandil
Release from the Bilayer Tablets with Atorvastatin as an Immediate-Release Layer. J Pharm
Innov [Internet]. 2022 Jun 1 [cited 2023 Jan 3];17(2):429-48. Available from:

https://link.springer.com/article/10.1007/s12247-020-09513-6

37. Georgy KR, Farid RM, Latif R, Bendas ER. A new design for a chronological release profile of
etodolac from coated bilayer tablets: In-vitro and in-vivo assessment. J Adv Res. 2019 Jan
1;15:37-47.

38. Eswaraiah CM, Jaya S. DESIGN AND IN VITRO CHARACTERIZATION OF FLOATING
TABLETS OF METRONIDAZOLE. Asian J Pharm Clin Res. 2019;

39. He Y, Majid K, Magbool M, Hussain T, Yousaf AM, Khan 1U. Formulation and characterization
of lornoxicam-loaded cellulosic-microsponge gel for possible applications in arthritis. Saudi
Pharm J. 2020 Aug 1;28(8):994-1003.

40. Naseem F, Shah SU, Rashid SA, Farid A, Almehmadi M, Alghamdi S. Metronidazole Based
Floating Bioadhesive Drug Delivery System for Potential Eradication of H. pylori: Preparation
and In Vitro Characterization. Polymers (Basel) [Internet]. 2022 Jan 27 [cited 2022 Jan
28];14(3):519. Available from: https://www.mdpi.com/2073-4360/14/3/519/htm

41. Rashid R, Zaman M, Ahmad M, Khan MA, Butt MH, Salawi A, et al. Press-Coated Aceclofenac
Tablets for Pulsatile Drug Delivery: Formulation and In Vitro Evaluations. Pharmaceuticals
[Internet]. 2022 Mar 8 [cited 2023 Mar 12];15(3):326. Available from:

https://www.mdpi.com/1424-8247/15/3/326/htm

42. Clénet D, Hourquet V, Woinet B, Ponceblanc H, Vangelisti M. A spray freeze dried micropellet
based formulation proof-of-concept for a yellow fever vaccine candidate. Eur J Pharm Biopharm.
2019 Sep 1;142:334-43.

43. Aanisah N, Wardhana YW, Chaerunisaa AY, Budiman A. Review on Modification of
Glucomannan as an Excipient in Solid Dosage Forms. Polymers (Basel) [Internet]. 2022 Jun 23
[cited 2023 Mar 12];14(13):2550. Available from:

https://www.mdpi.com/2073-4360/14/13/2550/htm

44. Farquharson A, Gladding Z, Ritchie G, Shende C, Cosgrove J, Smith W, et al. Drug Content
Uniformity: Quantifying Loratadine in Tablets Using a Created Raman Excipient Spectrum.
Pharmaceutics [Internet]. 2021 Feb 27 [cited 2023 Mar 12];13(3):309. Available from:
https://www.mdpi.com/1999-4923/13/3/309/htm

45. Nagesh DR, Jat RK, Ahmed SM. FORMULATION AND DEVELOPMENT OF
LORNOXICAM BILAYER TABLETS. J Drug Deliv Ther [Internet]. 2017 Nov 28 [cited 2023
Jan 3];7(6):132-8. Available from: http://jddtonline.info/index.php/jddt/article/view/1534

46. Patil S, Rathi M, Misra A. Applications of Polymers in Gastric Drug Delivery. In: Applications
of Polymers in Drug Delivery. Elsevier; 2021. p. 77-104.

47. Vrettos NN, Roberts CJ, Zhu Z. Gastroretentive Technologies in Tandem with Controlled-
Release Strategies: A Potent Answer to Oral Drug Bioavailability and Patient Compliance
Implications. Pharmaceutics [Internet]. 2021 Sep 30 [cited 2023 Mar 12];13(10):1591. Available
from: https://www.mdpi.com/1999-4923/13/10/1591/htm

48. Maskova E, Kubova K, Raimi-Abraham BT, Vllasaliu D, Vohlidalova E, Turanek J, et al.
Hypromellose — A traditional pharmaceutical excipient with modern applications in oral and
oromucosal drug delivery. J Control Release. 2020 Aug 10;324:695-727.

49. Patel SK, Khoder M, Peak M, Alhnan MA. Controlling drug release with additive manufacturing-
based solutions. Adv Drug Deliv Rev. 2021 Jul 1;174:369-86.

50. Igbal DN, Tarig M, Khan SM, Gull N, Sagar Igbal S, Aziz A, et al. Synthesis and characterization
of chitosan and guar gum based ternary blends with polyvinyl alcohol. Int J Biol Macromol. 2020
Jan 15;143:546-54.

51. Vlachou M, Siamidi A, Anagnostopoulou D, Christodoulou E, Bikiaris NN. Modified Release
of the Pineal Hormone Melatonin from Matrix Tablets Containing Poly(L-lactic Acid) and Its
PLA-co-PEAd and PLA-co-PBAd Copolymers. Polymers (Basel) [Internet]. 2022 Apr 1 [cited

Vol.31 No.04 (2024): JPTCP (84-98) Page | 97


https://jptcp.com/index.php/jptcp/issue/view/79

Fabrication, Optimization And Characterization Of Lornoxicam Bilayer Tablets For Biphasic Release

2023 Mar 12];14(8):1504. Available from: https://www.mdpi.com/2073-4360/14/8/1504/htm

52. Permanadewi I, Kumoro AC, Wardhani DH, Aryanti N. Modelling of controlled drug release in
gastrointestinal tract simulation. J Phys Conf Ser [Internet]. 2019 Sep 1 [cited 2023 Mar
12];1295(1):012063.  Available  from:  https://iopscience.iop.org/article/10.1088/1742-
6596/1295/1/012063

53. Huang J, Lin H, Peng B, Huang Q, Shuai F, Xie Y. Design and Evaluation of Hydrophilic Matrix
System for pH-Independent Sustained Release of Weakly Acidic Poorly Soluble Drug. AAPS
PharmSciTech [Internet]. 2018 Jul 1 [cited 2023 Mar 12];19(5):2144-54. Available from:
https://link.springer.com/article/10.1208/s12249-018-1008-1

Vol.31 No.04 (2024): JPTCP (84-98) Page | 98


https://jptcp.com/index.php/jptcp/issue/view/79

