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ABSTRACT 
The present study aimed to formulate and optimize an efficient mucoadhesive buccal tablet of Rizatriptan benzoate 
using a 3² design to avoid first-pass hepatic metabolism and also to deliver the drug rapidly at an optimized rate over 
a prolonged period through the transmucosal route. Validation of the drug through organoleptic evaluation, solubility 
studies, melting point studies, method development by UV spectrophotometry, drug identification, drug purity, and 
polymer compatibility studies using FTIR and DSC with specified polymers confirmed drug identification, drug 
purity, and polymer compatibility, respectively. Nine buccoadhesive tablets were prepared by direct compression and 
subsequently optimized statistically by using 3² factorial designs to formulate nine batches of buccal tablets by fixing 
the concentrations of HPMC K15M and chitosan as variables, where the dependent variables were the cumulative 
drug release at 6 h (CDR) and the mucoadhesive strength. Flow and all pharmacopoeial values of compression were 
evaluated. The flow of all nine formulations was observed to be in an acceptable range, and all the pharmacopoeial 
values of compression were maintained satisfactorily. F5 (HPMC K15M 75 mg + chitosan 75 mg) formulation was 
regarded as the best formulation giving drug content of 99.36 ± 0.24, surface pH of 6.83 ± 0.03, swelling index of 
69.30 ± 0.89% at 8 h, highest mucoadhesive strength of 8.56 ± 0.35 gm, adhesive force of 0.84 ± 0.034 N among nine 
batches, maximum cumulative in vitro drug release of 76.69 ± 0.98% and permeation of 83.74 ± 1.02% at 6 h. Release 
kinetic analysis of F5 showed the best fit to the zero order model (r² = 0.9961) with kp (= 0.847) indicating the non-
Fickian (anomalous swelling/relaxation coupled with drug diffusion controlled) release mechanism. The comparison 
of the dissolution profile of F5 with marketed Rizatriptan benzoate tablet showed an acceptable and comparable 
release profile, with a model-independent difference (f1 = 13.92) and similarity factors (f2 = 51.54). F5 formulation 
was found to be physically and chemically stable up to 3 months of accelerated storage (40 ± 2 °C/75% RH). It is 
therefore concluded that the mucoadhesive buccal tablet offers a promising delivery system for Rizatriptan benzoate, 
which might act as a statistically optimized, alternative, and feasible dosage form in the acute management of 
migraine. 
Keywords: Rizatriptan benzoate; Buccoadhesive tablet; Factorial design; Migraine; Transmucosal delivery 
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1. Introduction 
Migraine is a chronic debilitating neurologic disease 
with episodic attacks of moderate to severe headache 
and autonomic and sensory symptoms. Rizatriptan 
benzoate is a selective 5-hydroxytryptamine (5-
HTB/5-HTD) receptor agonist in the triptan class of 
antimigraine medication. It is indicated in the 
treatment of acute migraine with and without aura. 5-
HTB/5-HTD receptors on cranial blood vessels and 
presynaptic trigeminal nerve terminals are stimulated 
by it to cause vasoconstriction of the affected cranial 
blood vessels and to suppress the release of vasoactive 
neuropeptides[1]. 
The bioavailability of oral Rizatriptan benzoate is 
70%, with mean peak plasma concentrations noted at 
1 – 2 h following dosing and plasma concentrations 
rapidly declining thereafter. Rizatriptan benzoate 
undergoes extensive first-pass hepatic metabolism 
(approximately 80%) via monoamine oxidase A, with 
the metabolized components primarily excreted 
renally and through metabolism. Rizatriptan benzoate 
was found to have advantages within the realm of 
acute migraine therapy due to its rapid onset of action. 
Based on the physical and chemical properties of the 
drug as well as its pharmacology, Rizatriptan benzoate 
is also a promising molecule upon which alternative 
drug-delivery systems such as transdermal, buccal, 
nasal, and other targeted drug-delivery systems could 
be developed to increase convenience and to reduce 
the discomfort associated with conventional oral 
dosage forms[2]. 
The availability of subcutaneous and intranasal 
Rizatriptan benzoate formulations offers a more rapid 
onset of action but is limited by the acceptability of 
these modes of administration (impaired venous 
access, less acceptable route of delivery), discomfort 
from needle injections, and the development of a nasty 
taste and nasal irritation. The buccal mucosa offers an 
interesting, non-invasive alternative route for the 
systemic delivery of drugs such as Rizatriptan 
benzoate, which are poorly suited for traditional oral 
administration. Buccal absorption allows the drug to 
bypass hepatic first-pass metabolism and intestinal 
breakdown in the gut by draining directly into the 
systemic circulation via the internal jugular vein. In 
addition, the buccal cavity provides a relatively 
permeable, highly vascularized, and easily accessible 
epithelial surface, with the practical benefits of ease of 
administration and removal if therapy needs to be 
terminated, and some patient preference relative to 

parenteral and nasal routes. The main obstacle of drug 
delivery through this route stems from the continuous 
flow of saliva washing the dosage form away from 
absorption sites before sufficient absorption of the 
drug can be achieved. Mucoadhesive systems provide 
a means of prolonging the residence time at the 
mucous surface and thus increase the contact time for 
drug absorption and presentation to the systemic 
circulation, thereby providing a more controlled and 
prolonged input. Mucoadhesive buccal tablets contain 
one or more hydrophilic mucoadhesive polymers that 
hydrate and swell on contact with saliva and form 
physical, non-covalent bonds (principally hydrogen 
bonding and polymer chain interpenetration) with 
mucin, the principal component of the buccal 
epithelium[3]. Hydroxypropyl methylcellulose 
(HPMC) is a well-known hydrophilic, water-
swellable, gel-forming, and mucoadhesive cellulose 
derivative polymer, and chitosan (a cationic polymer 
that can be obtained from naturally occurring chitin) 
has been shown to possess mucoadhesive properties as 
well as permeation-enhancing activity due to its ability 
to reversibly open epithelial tight junctions. The 
anionic or non-ionic nature of cellulose derivatives 
and cationic polymer properties of chitosan suggest a 
selected combination of the two cellulosic and cationic 
polymers might exert synergistic effects on 
mucoadhesive strength and duration as well as 
controlled drug release from the buccal matrix. Given 
that the performance of a mucoadhesive buccal tablet-
principally the type and concentration of 
mucoadhesive polymer(s) employed-is governed by a 
host of formulation variables, the systematic 
optimization of the dosage form using a statistically 
driven methodology is much more advantageous than 
a traditional trial-and-error approach[4, 5]. DoE-based 
factorial designs facilitate the efficient, concurrent 
study of the individual and combined influence of 
formulation variables on a mucoadhesive buccal 
tablet's performance traits, e.g., drug release and 
mucoadhesion. 
Given this background, the current work was carried 
out with the following specific aims: (i) to characterize 
Rizatriptan benzoate through preformulation studies 
comprising of organoleptic evaluation, solubility, 
melting point, development of UV spectrophotometric 
method, and compatibility studies using FTIR and 
DSC with the candidate mucoadhesive polymers 
(HPMC K15M, guar gum, and chitosan), (ii) to 
develop Rizatriptan benzoate mucoadhesive buccal 
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tablets by direct compression using a two-factor (10 
levels each), three level factorial design with HPMC 
K15M and chitosan as independent factors affecting 
the dependent variables, i.e. drug release at 6 h and 
mucoadhesive strength, (iii) to characterize the pre- 
and post-compression physical parameters of the 
prepared tablets, their drug content, surface pH, 
swelling index (SI), in vitro drug release, 
mucoadhesive strength, and ex vivo permeation in the 
ramified mucosa[6], (iv) to determine the kinetics and 
mechanism of drug release of the optimized 
mucoadhesive tablets, (v) to compare the dissolution 
profiles of the optimized formulation with the 
marketed Rizatriptan benzoate tablet by calculating 
the model independent similarity and difference 
factors, and (vi) to evaluate the short-term stability of 
the optimized formulation. Ultimately, this combined 
approach of formulation development and in-depth 
evaluation of the optimized mucoadhesive buccal 
tablets was aimed at creating a solid platform to 
address the limitations of conventional oral Rizatriptan 
benzoate in the intervention of acute migraine. 
2. Materials and Methods 
2.1 Materials 
Rizatriptan benzoate was obtained as a gift sample 
(Cipla Limited, Bengaluru). Hydroxypropyl 
methylcellulose (HPMC) K15 M, guar gum, and 
chitosan were purchased from SD Fine Chemicals. All 
the chemicals and reagents used were of analytical 
grade. 
2.2 Preformulation Studies 
2.2.1 Organoleptic evaluation 
The sample of Rizatriptan benzoate received was 
checked for its appearance, colour, and smell, and 
compared with the standard pharmacopoeial 
description to determine the identity of the drug. 
2.2.2 Solubility 
Known concentration solutions of Rizatriptan 
benzoate in water, methanol, and phosphate-buffered 
saline (PBS) pH 6.8 were made and measured 
spectrophotometrically, and the corresponding 
solubilities were determined by back calculation; 
solubility was qualitatively categorised according to 
class descriptors found in the pharmacopoeia. This 
information was used to help choose a suitable solvent 
for future work and to help find a dissolution 
medium[7]. 
2.2.3 Melting Point 
The melting point of Rizatriptan benzoate was 
determined in triplicate using the capillary method, 
and the mean value was compared with the literature 
value, as well as the pharmacopoeial range (I.P.) of the 
drug, to check its purity[8]. 
2.2.4 Selection of wavelength (λ-max) 
The λ-max of Rizatriptan benzoate in PBS of pH 6.8 
was determined by spectrophotometric scanning. A 

standard calibration curve was plotted over the range 
of 2-12 µg/mL at the λ-max and was used to establish 
the calibration equation and coefficient of 
determination (r) from linear regression data for all 
subsequent quantitative estimations of the drug[9]. 
2.2.5 Drug-excipient compatibility studies 
Compatibility of Rizatriptan benzoate with the three 
selected mucoadhesive polymers, HPMC K15M, guar 
gum, and chitosan was studied by FTIR using the 
potassium bromide (KBr) pellet technique for the pure 
drug and its physical mixtures with polymers. The 
FTIR spectra of the drug were compared with the 
spectra of physical mixtures of drug and polymers for 
any shifting, broadening, or disappearance of any 
bands representing interaction. The compatibility was 
further substantiated by differential scanning 
calorimetry (DSC) of the pure drug and its physical 
mixtures with polymers. The DSC thermograms of the 
drug were compared for any shifting, broadening, or 
disappearance of the melting endotherm of the drug. 
2.3 Formulation of Mucoadhesive Buccal Tablets 
Mucoadhesive buccal tablets of Rizatriptan benzoate 
were formulated by the direct compression method. 
The drug, mucoadhesive polymer or polymers (HPMC 
K15M and chitosan in the concentration as per 
experimental design), and other excipients in the form 
of diluent, disintegrant, glidant, and lubricant were 
accurately weighed and mixed thoroughly by the 
geometric dilution method to disperse the drug 
uniformly and then passed through a suitable sieve to 
get a fine powder. The powder blend was evaluated for 
precompression properties (Section 2.5) and 
compressed into tablets of the desired weight and size 
with the help of a rotary/ single punch tablet 
compression machine fitted with punches of suitable 
size[10-12]. 
2.4 Experimental Design for Formulation 
Optimization 
A 32 factorial design was used for the optimization of 
the buccoadhesive tablet. HPMC K15M concentration 
(Factor A; 50, 75, and 100 mg) and chitosan 
concentration (Factor B; 50, 75, and 100 mg) were 
considered as independent formulation variables based 
on their commonly known mucoadhesive and drug 
release modulating activities and their well-
documented compatibility with the drug. Response 1, 
CDR (cumulative percentage drug released at 6 h), and 
Response 2, mucoadhesive strength, were considered 
as dependent response variables. Nine formulations 
(F1-F9) were formulated as per the design matrix 
(Table 1) and prepared as shown in Section 2.3. The 
effect of two independent factors, both independently 
and in interaction, on the two responses was observed 
by analyzing the trend of these responses across the 
design matrix, and the formulation that gave the most 
optimum combination of sustained drug release and 
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robust mucoadhesion was finalized as the optimized 
(standard) formulation and was subjected to further 
evaluations[13, 14].  
Table 1. Various formulations of buccoadhesive 
tablets  

 
2.5 Pre-Compression Evaluation of Powder Blends 
Powders of the blends F1-F9, before compression, 
were weighed in a graduated cylinder, and the bulk 
density was determined by the graduated cylinder 
method, and the tapped density was measured 
according to the standard tapping procedure. F9, F1-
F8: The angle of repose for each blend was determined 
using the fixed-funnel method[15]. 
2.6 Post-Compression Evaluation of Tablets  
The tablets were then compressed and evaluated for 
thickness (digital vernier callipers), weight variation 
(as per pharmacopoeias specified using analytical 
balance), diameter (digital vernier callipers), friability 
(assessed using therech type friabilator and expressed 
in percentage loss in weight after the stipulated no of 
turns of the tablet), hardness (tablet hardness tester in 
kg/cm), drug content (by disintegrating the tablet 
powder in PBS of pH6.8 and assay of the drug 
spectrophotometrically at the maximum previously 
discovered) and surface pH (by swelling the tablet in 
contact with a small quantity of PBS of pH6.8 and 
directly taking the pH with a calibrated pH metre at the 
surface of the tablet[16, 17]. 
2.7 Swelling Index 
Study of SI of all formulations (F1-F9). It was studied 
by the weight-gain method. Each tablet of individual 
weight was kept in PBS at pH 6.8. Tablets were taken 
out at predetermined time intervals, blotted dry, and 
reweighed. Percentage of SI was calculated as the 
percentage increase in weight with reference to the 
initial weight of the tablets[18, 19]. 
2.8 In vitro Drug Release Study 
The in vitro drug release studies of F1- F9 
formulations were performed in an appropriate 
dissolution test apparatus with PBS of pH 6.8 as the 
medium, and the medium was maintained with 
agitation at 37±0.5°C. Samples of the dissolution 
medium were withdrawn at defined time intervals for 
6 h, replaced with an equal volume of fresh dissolution 
medium, and then the amount of drug was evaluated at 
225 nm[20, 21]. 
2.9 Mucoadhesive Strength 

The buccal tablet mucoadhesive strength was 
measured using a modified physical 
balance/mucoadhesion test apparatus in which tissue 
of the buccal mucosa was adhered to one side of a 
platform and the tablet attached to the mucosal tissue 
with a specified contact time and weight. The weight 
necessary to separate the tissue and the tablet was 
recorded and defined as the mucoadhesive strength 
(g), and the force of adhesion was calculated as the 
weight (N)[22]. 
2.10 Ex vivo Drug Permeation Study 
The ex vivo permeation study of Rizatriptan benzoate 
from F1-F9 was investigated across buccal mucosal 
tissue excised and mounted in a Franz diffusion cell, 
with PBS pH 6.8) serving as the receiver medium. The 
diffusion cell was stirred continuously at 37oC, and 
samples were withdrawn at specific time intervals 
from the receiver compartment for 6 h. The withdrawn 
samples were replaced with fresh buffer solution[23]. 
2.11 Selection of the Optimized Formulation 
Overall, considering the total physical tablet profile, 
drug content, SI, in vitro release, mucoadhesive 
strength, and ex vivo permeation of the 9 formulations, 
formulation F5 (HPMC K15M 75 mg, chitosan 75 mg) 
was found to be the optimized/standard formulation 
and was hence subjected to further studies such as 
release kinetics, comparative dissolution studies, and 
stability studies. 
2.12 Drug Release Kinetics 
The in vitro release data of the optimized formulation 
(F5) were subjected to mathematical modeling to 
determine the order and mechanism of drug release by 
fitting the data to zero-order, first-order, Higuchi, and 
Korsmeyer-Peppas equations. Based on the coefficient 
of correlation (r), the most appropriate model was 
selected. The value of the release exponent (n) was 
determined for all the formulations. Based on the value 
of n, the mechanism of drug release was defined as 
Fickian diffusion, non-Fickian (anomalous) transport, 
or Case-II transport. 
2.13.4 Comparative Dissolution Testing: Similarity 
and Difference Factors 
The in vitro dissolution profile of the optimized 
formulation (F5) was then statistically compared with 
that of the marketed Rizatriptan benzoate tablet. For 
comparison of the two dissolution profiles, model-
independent difference and similarity factors (f), 
derived from the pairs of drug-release values of the 
two products at matched time points, were used. The 
acceptance criteria for similarity of dissolution profiles 
were f1 of 15 and f2 of 50. 
2.14 Accelerated Stability Studies 
For accelerated stability studies, a trial sample of the 
optimized formulation (F5) was packed in an amber-
coloured screw-capped bottle and stored at 40 2 C and 
75 5% relative humidity for a period of three months. 

Formu
la 

Rizatript
an 
benzoate 

HPM
C 
K15
M 
(mg) 

Chitosa
n (mg) 

Mannit
ol  

Lactos
e 

starc
h 

Methy
l 
parabe
n 

Propyl 
parabe
n 

Magnesiu
m 
stearate 

asparta
me 

F1 10 50 50 150 200 30 2 1 5 2 
F2 10 50 75 125 200 30 2 1 5 2 
F3 10 50 100 100 200 30 2 1 5 2 
F4 10 75 50 125 200 30 2 1 5 2 
F5 10 75 75 100 200 30 2 1 5 2 
F6 10 75 100 75 200 30 2 1 5 2 
F7 10 100 50 100 200 30 2 1 5 2 
F8 10 100 75 75 200 30 2 1 5 2 
F9 10 100 100 50 200 30 2 1 5 2 
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Samples were withdrawn at specified time intervals of 
0, 30, 60, and 90 days and examined for friability, 
hardness, drug content, surface pH, SI, and % 
cumulative drug release. 
2.15 Statistical Analysis 
All experiments were carried out in triplicate and, 
unless indicated otherwise, results are presented as 
mean standard deviation (SD). 
3. Results  
3.1 Preformulation Studies 
The procured Rizatriptan benzoate was obtained as a 
pure white, odourless, amorphous solid, consistent 
with its standard description and confirming drug 
identity. Solubility analysis showed that the drug was 
freely soluble in both water and methanol and highly 
soluble in PBS of pH 6.8 (Table 2), an aqueous 
solubility profile favourable for the development of a 
hydrophilic, swellable buccal matrix and confirming 
the suitability of PBS of pH 6.8 as the 
dissolution/release medium for subsequent evaluation. 
The average melting point of Rizatriptan benzoate, 
determined over three trials, was found to be 179.3 °C, 
in close agreement with the reported literature value 
(178–181 °C) and within the specified pharmacopoeial 
range, confirming the purity and identity of the drug 
sample. 
Table 2. Solubility profile of Rizatriptan benzoate 

Solvent Solubility 

(mg/mL) 

Solubility 

category 

Water 0.22 Freely soluble 

Methanol 0.17 Freely soluble 

Phosphate buffer 

pH 6.8 

0.35 Highly 

soluble 

UV spectral scanning of Rizatriptan benzoate in PBS 
at pH 6.8 identified a λmax of 225 nm. The calibration 
curve constructed at this wavelength over 2–12 µg/mL 
(Figure 1) was linear, with a coefficient of 
determination exceeding 0.99, confirming compliance 
with the Beer–Lambert law across the studied range 
and validating the method for reliable quantitative 
estimation of the drug throughout the study. 

 

Fig.1. Standard calibration curve of Rizatriptan 
benzoate in phosphate buffer pH 6.8  
The thermal compatibility of the drug-polymer 
physical mixtures was further supported by the DSC 
examination of the physical mixtures of the drug with 
the three candidate polymers, in which the 
characteristic melting endotherm of Rizatriptan 
benzoate remained essentially unaltered, supporting 
thermal compatibility. In view of these studies of 
compatibility and the promising results of the 
swelling, release, and mucoadhesion behavior in the 
screening experiments, HPMC K15Mand chitosan 
were the two polymers selected for the subsequent full 
factorial optimization experiment involving the buccal 
tablet (Figure 2). 

 
Fig.2. FTIR spectrum of Rizotriptan pure drug and 
its combination with the excipients 
FTIR spectra of pure Rizatriptan benzoate and the 
physical mixtures with HPMC K15M, guar gum, and 
chitosan revealed that the main peaks associated with 
drug IR absorption are retained in all physical mixtures 
without any major shift, broadening, or disappearance, 
suggesting that no major physicochemical interaction 
between Rizatriptan benzoate and the three proposed 
mucoadhesive polymers occurs (Figure 3).  

 
Fig.3. FTIR spectral details of drug and drug with 
the excipients 
3.2 Pre-Compression Evaluation of Powder Blends 
All the bulk densities were similar, ranging from 
0.54±0.01 g/cm to 0.57±0.01 g/cm, while tap densities 
were all comparable, ranging from 0.62±0.01 g/cm to 
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0.66±0.01 g/cm. All nine demonstrated acceptable to 
good flow and compressibility, as indicated by the 
angle of repose (25.82±0.25 to 28.36±0.36), Carr's 
index (11.11±0.24% to 16.92±0.38%), and Hausner's 
ratio (1.13±0.01 to 1.20±0.01). The formulation F5 has 
the lowest (best) values of the above: angle of repose 
25.82±0.25; Carr's index 11.11±0.24%; Hausner's 
ratio 1.13±0.01; and shows the best powder to be 
compressed in a uniform and reproducible manner. 
3.3 Post-Compression Tableting Properties 
The post-compression physical parameters of F1-F9 
were summarised in Table 3. The physical parameters 
of the prepared tablets, i.e., thickness, were in the 
range of 3.06±0.03 to 3.24±0.03 mm, and weight 
variation was in the range of 199.4±1.31 to 201.2±1.15 
mg, suggesting the tablets' dimensions were 
consistent. The tablets' diameter was in the range of 
8.01±0.02 to 8.03±0.03 mm, indicating that the tablets' 
size was in good uniformity. Friability of the prepared 
tablets was in the range of 0.38±0.04 to 0.54±0.03 %, 
which was within the limit of the pharmacopoeia (<1 
%), and the hardness was in the range of 4.6±0.21 to 
5.5±0.27 kg/cm2, giving the mechanical strength of the 
tablet to survive mechanical shocks during handling, 
packing, and transport. The results of the post-
compression parameters of the optimized formulation 
F5, with 3.15±0.03 mm thickness, 201.2±1.15 mg 
weight, 8.01±0.02 mm diameter, 0.40±0.02 % 
friability, and 5.3±0.25 kg/cm2 hardness found in the 
physical and mechanical properties. 
Table 3. Post-compression parameters of 
buccoadhesive tablets (F1–F9) 

Formu

lation 

Thick

ness 

(mm) 

Weig

ht 

varia

tion 

(mg) 

Diam

eter 

(mm) 

Fria

bility 

(%) 

Hard

ness 

(kg/c

m²) 

F1 3.12 ± 

0.03 

199.6 

± 

1.24 

8.02 

± 

0.02 

0.48 

± 

0.03 

4.6 ± 

0.21 

F2 3.18 ± 

0.04 

200.8 

± 

1.18 

8.01 

± 

0.02 

0.43 

± 

0.02 

4.8 ± 

0.24 

F3 3.24 ± 

0.03 

199.4 

± 

1.31 

8.03 

± 

0.03 

0.39 

± 

0.02 

5.0 ± 

0.26 

F4 3.08 ± 

0.02 

200.6 

± 

1.27 

8.02 

± 

0.02 

0.46 

± 

0.03 

5.1 ± 

0.23 

F5 3.15 ± 

0.03 

201.2 

± 

1.15 

8.01 

± 

0.02 

0.40 

± 

0.02 

5.3 ± 

0.25 

F6 3.21 ± 

0.04 

199.8 

± 

1.22 

8.03 

± 

0.03 

0.35 

± 

0.02 

5.5 ± 

0.27 

F7 3.06 ± 

0.03 

200.4 

± 

1.34 

8.02 

± 

0.02 

0.52 

± 

0.03 

4.8 ± 

0.22 

F8 3.12 ± 

0.03 

201.0 

± 

1.20 

8.01 

± 

0.02 

0.45 

± 

0.03 

5.0 ± 

0.24 

F9 3.19 ± 

0.04 

200.2 

± 

1.16 

8.02 

± 

0.02 

0.38 

± 

0.02 

5.2 ± 

0.25 

Values in mean ±SD; n=3 

Drug content and surface pH data of F1-F9 are 
presented in Table 4. The drug content was within the 
range of 98.76±0.28% to 99.73±0.21%, thereby 
reflecting the satisfactory uniformity of distribution of 
the drug within the compressed tablets, whilst the 
surface pH of the compressed tablets was within the 
range of 6.76±0.05 to 6.88±0.05, which was similar to 
the physiological pH of the buccal cavity, and this 
proved that the tendency of the drug to cause mucosal 
irritation at the site of drug administration was 
minimal. The drug content and surface pH of 
formulation F5 were observed to be 99.36±0.24% and 
6.83±0.03, which satisfied the acceptability criteria of 
the compress tablets. 
Table 4. Drug content and surface pH of 
buccoadhesive tablets (F1–F9) 

Formulation Drug content (%) Surface pH 

F1 98.76 ± 0.28 6.82 ± 0.04 

F2 99.24 ± 0.31 6.85 ± 0.03 

F3 99.58 ± 0.22 6.88 ± 0.05 

F4 98.92 ± 0.27 6.79 ± 0.04 

F5 99.36 ± 0.24 6.83 ± 0.03 

F6 99.68 ± 0.19 6.87 ± 0.04 
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F7 98.84 ± 0.33 6.76 ± 0.05 

F8 99.42 ± 0.26 6.80 ± 0.03 

F9 99.73 ± 0.21 6.84 ± 0.04 

3.4 Swelling Index 
The SI of formulations F1-F9 during 8 hours has also 
been studied and found to show a gradual time-
dependent increase in percentage weight variation for 
all batches, which represents hydration of the 
polymeric matrix when it comes into contact with the 
release media. The percentage SI at 8 h was observed 
to range from 65.40±0.83% (F6) to 138.40±1.23% 
(F3), showing greater SI for formulations F1-F3 
(lower chitosan concentration with a fixed 
concentration of HPMC K15M), comparatively lesser 
SI for formulations F4-F6, and intermediate-to-high SI 
for formulations F7-F9. SI at 8 h was found to be 
highest for F3 and lower for F6, indicating that a 
sufficient amount of chitosan and HPMC K15M 
polymers in the formulation could produce the 
required SI. Formulation F5 showed the SI of 
69.30±0.89% at 8 h, as predicted; this shows a mild to 
moderate SI of the matrix-a behaviour that is 
considered optimal for buccoadhesive tablets, as 
excessive SI may result in the tablet falling apart with 
a loss of contact with the buccal mucosa, while 
moderate-to-mild swelling promotes intimate contact 
with the mucprhn opposite to other conventional 
tablets. 
3.6 In vitro Drug Release Study 
The in vitro release profiles of all the formulations F1-
F9 (up to 6 h) are given in Table 5. The gradual release 
of Rizatriptan benzoate was observed, which showed 
a sustained release profile from the formulation. There 
was a slow release of drug F1, which ranged from 8.00 
0.31% up to 0.5 hour to 69.50±0.85 to 90.51±1.02% 
up to 6 h, respectively. The formulation F5 showed a 
cumulative release of 9.65±0.41% up to 0.5 h and 
76.69±0.98% up to 6 h, respectively. The results of the 
samples showed low standard deviations, which 
suggest that the concentration of the drug released at 
each time point was reproducible. This proves that 
sustained release was confirmed by hydration of the 
sustained buccodeposit-forming polymer HPMC 
K15M by swelling, followed by diffusion of the drug 
through the hydrated matrix. The prepared 
buccoadhesive formulation F5 showed a slow 
sustained release pattern. This formulation was hence 
considered as a standard formulation for the 
subsequent comparative evaluation (Figure 4). 
Table 5. In vitro cumulative percentage drug 
release from buccoadhesive tablet formulations 
(F1–F9) 
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Fig.4. In vitro cumulative drug release from 
buccoadhesive tablet formulations (F1–F9) 
3.7 Mucoadhesive Strength 
The mucoadhesive strength and corresponding force 
of adhesion of formulations F1-F9 are summarized in 
Table 6. Mucoadhesive strength was in the range of 
6.85±0.24 g (F1) to 8.56±0.35 g (F5) and force of 
adhesion 0.672±0.024 N to 0.840±0.034 N, indicating 
all formulations had acceptable mucoadhesive 
property as a result of the formation of hydrogen-
bonding and electrostatic interactions between the 
mucoadhesive polymer and buccal muc so The F5 
formulation showed the highest mucoadhesive 
strength (8.56±0.35 g) and force of adhesion 
(0.840±0.034 N), as compared to the other 
formulations, demonstrating mucoadhesion to the 
maximum extent (and therefore the maximum time 
spent on adhesion). F8 and F6 formulations showed 
the next highest values, while the F1 formulation 
showed the lowest value (showing the difference 
between the F1 formulation and the F4 formulation). 
Accordingly, the F5 formulation was selected as the 
optimized formulation based on the mucoadhesive 
strength value. 
Table 6. Mucoadhesive strength and force of 
adhesion of buccoadhesive tablets (F1–F9) 

Formulation Mucoadhesive 

strength (g) 

Force of 

adhesion (N) 

F1 6.85 ± 0.24 0.672 ± 0.024 

F2 7.62 ± 0.31 0.748 ± 0.030 

F3 8.18 ± 0.28 0.803 ± 0.027 

F4 7.42 ± 0.26 0.728 ± 0.026 

F5 8.56 ± 0.35 0.840 ± 0.034 

F6 8.21 ± 0.29 0.806 ± 0.028 

F7 7.68 ± 0.27 0.754 ± 0.026 

F8 8.32 ± 0.32 0.816 ± 0.031 

F9 7.94 ± 0.25 0.779 ± 0.025 

3.8 Ex vivo Drug Permeation Study 
The pattern of ex vivo permeation of F1-F9 
formulations through excised buccal mucosa over 6 
hours is presented in Table 7 and Figure 5. The release 
data revealed that the permeation of the drug increased 
gradually with time in all the tested formulations. The 
cumulative permeation was observed to be within the 
range of 70.01±0.91% (F1) to 83.74±1.02% (F5) after 
6 h. Formulation F5 was found to have the highest 
permeation after 6 h among all the formulation batches 
(83.74±1.02%), followed by F9 (82.18±1.00%), F6 
(80.62±0.99%), and F8 (80.12±0.98%). Formulations 
F1 and F4 were found to have the lowest permeation 

among all the formulation batches. The high 
permeation shown by F5 formulations is probably due 
to the optimum ratio of HPMC K15M and chitosan 
that enables such formulations to sustain contact with 
the mucosa for a longer period, while the permeation-
enhancing effect of chitosan on the epithelial tight 
junctions could have facilitated drug transport across 
the mucous membrane. The low standard deviations 
indicate that the permeation data were reproducible. 
The findings from this ex vivo study seem to confirm 
the ability of the developed mucoadhesive buccal 
tablets F1-F9, especially F5, to facilitate sustained 
transmucosal delivery of Rizatriptan benzoate. 
Table 7. Ex vivo cumulative percentage drug 
permeation across buccal mucosa (F1–F9) 
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Fig.5.Ex vivo cumulative drug permeation across 
buccal mucosa (F1–F9) 
3.9 Drug Release Kinetics 
The kinetic model fitting of drug release from 
rizatriptan benzoate formulations (F1–F9) is shown in 
Table 8. 
Table 8: Kinetic Model Fitting of Drug Release 
from Rizatriptan benzoate Formulations (F1–F9) 
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The release data of the Rizatriptan benzoate 
formulations were fitted to various mathematical 
models to understand the mechanisms dominating the 
drug release. Zero-order data showed very high R2 
values (0.9882-0.9940), suggesting that the drug-
release pattern of the selected formulations is more or 
less the same with respect to time. Formulation F1 
obtained the highest value of the zero-order R2 value 
(0.9940), and F4 is the second formulation that follows 
(0.9933). 
The first-order model had R2 values ranging from 
0.9822 to 0.9907. The high values of the correlation 
coefficients suggested that the data fitted the first-
order model but were in fact lower than the correlation 
coefficients obtained by using the Korsmeyer-Peppas 
model, which suggested that concentration-dependent 
release did not describe the release. 
Higuchi model (Diffusion) showed good correlation, 
with values of R2 from 0.9899 to 0.9953. The highest 
Higuchi R2 was for F5 (0.9953), then F9 (0.9950) and 
F6 (0.9943), indicating that diffusion from the 
formulation matrix played a major role in the release 
of Rizatriptan benzoate. 
Using the regression analysis, the highest R2 was 
obtained for the Korsmeyer-Peppas model, with R2 
values of 0.9960- 0.9966 for all formulations. The 
models that showed the highest correlation were F3 
(R2=0.9966), F8 (0.9965), and F5 (0.9964). The 
calculated n ranged from 0.7928-0.8525, which 
implied the formulation had mainly anomalous/non-
Fickian release behaviour, i.e., drug diffusion was 
considered to be coupled with polymer relaxation, 
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swelling, or reorganization of the matrix instead of 
being solely controlled by simple Fickian diffusion. 
In conclusion, the exceptionally high R2 values for the 
Korsmeyer-Peppas model were indicative that this 
model provides the best explanation for the release 
profile of all the Rizatriptan benzoate formulations. 
The drug release appears to be controlled by a 
combination of diffusion and polymer relaxation, 
indicating, for the most part, a swelling-controlled 
release process as evidenced by the presence of HPMC 
K15M and chitosan. The high n values implied a 
controlled release mechanism through extensive 
polymer-mediated transport. 
3.10 Stability Studies 
The selected formulation F5 was subjected to a 
stability study on accelerated conditions at 40±2o C 
and 75±5 % RH for 3 months. There was no change in 
visual appearance throughout the study. Friability 
remained unchanged at 0.280.02 in days 0-90, and 
hardness was slightly reduced from 4.80.10 to 4.70.13 
kg/cm; thus, the strength of the formulation was not 
affected by storage. The drug content was only slightly 
reduced from 97.20±0.42 to 96.58±0.41%; thus,s the 
formulations were chemically stable, and no 
degradation of the drug was observed. The surface pH 
of the dosage form was also found to be unchanged 
(6.76±0.04 to 6.72±0.03). The SI was only slightly 
decreased from 67.50±0.86% to 66.30±0.78%, and 
cumulative drug release at 6 hours was also only 
slightly decreased from 96.84±0.58% to 95.76±0.55%, 
demonstrating stability of all parameters for the tablet 
formulation (Table 9). 
Table 9. Stability data for optimized formulation 
F5 stored at 40 ± 2 °C and 75 ± 5% RH 
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3.11 Comparative Dissolution Study: Similarity 
and Difference Factors 
The release profile of F5 was generally similar to that 
of the marketed Rizatriptan benzoate at earlier time 
points, but with a higher level of cumulative release at 
later time points (e.g., 90.51 ± 0.98% versus 
67.73±1.02% at 6 h), reflective of the different 
sustained-release characteristics of the buccoadhesive 
system versus the immediate-release marketed control. 
The calculated difference factor (f1 = 13.92) was 
within the required limit of 15 for two comparable 
dissolution profiles, and the similarity factor (f2 = 
51.54) exceeded the prescribed limit; the dissolution 
profile of the optimized F5 buccoadhesive tablet was 
deemed to be comparable to that of the marketed 
Rizatriptan benzoate reference product, but with a 
more extended release profile, supporting its use as an 
alternative to this transmucosal buccoadhesive 
delivery system Tablese 10 and 11). 
Table 10. Comparative in vitro drug release profile 
of marketed Rizatriptan benzoate tablet and 
optimized buccoadhesive tablet (F5) 

Time (h) Marketed tablet 

(% release) 

Optimized F5 

(% release) 

0.5 10.00 ± 0.32 12.79 ± 0.42 

1 18.00 ± 0.41 17.22 ± 0.51 

1.5 27.00 ± 0.53 28.15 ± 0.63 

2 38.00 ± 0.62 39.98 ± 0.74 
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3 50.00 ± 0.75 51.29 ± 0.86 

4 58.00 ± 0.81 61.79 ± 0.92 

5 64.00 ± 0.94 75.74 ± 1.05 

6 67.73 ± 1.02 90.51 ± 0.98 

Difference 

factor (f₁) 

— 13.92 

Similarity 

factor (f₂) 

— 51.54 

Table 11. Acceptance evaluation of the 
comparative dissolution profile 
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4. Discussion 
The findings generated in this research work all 
contribute to giving a consistent, mechanistically 
oriented framework to predict buccoadhesive tablet 
behaviour over the considered factorial design space. 
Preformulation data validated the nature/purity of 
Rizatriptan benzoate and its excellent aqueous 
solubility. In the presence of substantial drug-polymer 
interaction from FTIR and DSC, these data also 
provided a firm rationale for selecting a hydrophilic, 
swellable buccoadhesive matrix from HPMC K15M 
and chitosan. The systematic trends defined by 
formulation F1-F9 exemplify the individual and 
combined roles of these two polymers in determining 
tablet properties. A higher level of HPMC K15M 
matrix hydration and gel-layer formation at a higher 
level of tablet hydration, yielding a diffusion barrier 
that can delay drug release, is complemented by a 
higher level of chitosan, producing a higher level of 

mucoadhesive interaction with mucin via electrostatic 
interaction, and higher epithelial membrane 
permeability, due to the effect of chitosan at tight 
junctions[24]. The general trend of increased total 
percent drug released and mucoadhesive strength at a 
higher concentration of either polymer is consistent 
with these mechanisms, with F9 exhibiting the highest 
mucoadhesive strength and highest total percent drug 
released. Yet, F5 was selected over F9 as the optimal 
formulation, because these ideal characteristics are not 
necessarily advantageous for a patient-administered 
buccal tablet. Excessively high mucoadhesion (which 
could inhibit the safe and comfortable removal of the 
tablet), or rapid and extensive release may be 
undesirable for sustained plasma drug concentration, 
especially during the course of a developing migraine 
attack[25]. Amongst all 9 formulations, F5 also gave 
the highest permeation and mucoadhesion values 
individually, indicating a ratio of HPMC K15M: 
chitosan that more effectively balanced the properties 
of swelling/gel-layer formation and interaction with 
mucin than either of the two polymers at a higher level. 
The zero-order-dominant, non-Fickian release for F5 
(Kp Kn 0.847) is mechanistically consistent with the 
SI data obtained for the same formulation (section 
3.4): the measured intermediate, controlled SI would 
be expected to produce the matrix SI required to 
sustain uniform, near-linear release without the 
premature, Fickian release expected from exceedingly 
slow or excessive swelling. The comparative 
dissolution data versus the marketed tablet further 
supports this assessment, with the higher f, lower f 
contributions derived from later points reflecting the 
controlled, sustained release matrix design in contrast 
to the fast, reduced Fickian release of the immediate-
release commercial product (though the pattern of 
model-independent similarity criteria is met). From a 
clinical translational standpoint, then, the combination 
of a good mucoadhesive profile (favourable residence 
at the buccal mucosa), sustained and at the same time 
significant drug release and permeation over the 6 h 
period of the study, and an acceptable short-term 
physical and chemical stability of the F5 
buccoadhesive tablet all suggest that it has the 
potential to deliver a more consistent and first-pass-
metabolism-avoiding systemic absorption of 
Rizatriptan benzoate than a traditional oral tablet. This 
would be achieved without the practical 
inconveniences of subcutaneous or intranasal 
delivery[26]. 
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Certain limitations of the present work must also be 
acknowledged. The pharmacokinetic benefits of the 
buccal route, predicted by the extent of first-pass 
avoidance and the resulting bioavailability and time-
to-peak plasma concentration, could only be 
established in vivo. The stability assessment was 
limited to three months; this could be extended in real-
time studies to define the shelf-life. Additionally, the 
formulation variables of a third polymer (guar gum, 
studied only in preliminary compatibility assessments) 
and tablet compression force remain avenues for 
subsequent optimization[27-46]. 
5. Conclusion 
The current investigation successfully developed, 
optimized, and characterized mucoadhesive buccal 
tablets of Rizatriptan benzoate as a viable alternative 
to the conventional oral Rizatriptan benzoate therapy 
for the acute management of migraine. The 
preformulation screening studies established the 
identity and purity of the drug and validated its 
optimized solubility as well as its compatibility with 
candidate mucoadhesive polymers, i.e., HPMC K15M, 
guar gum, and chitosan. A 32 design efficiently 
optimized the concentrations of HPMC K15M and 
chitosan, leading to 75 mg HPMC K15M +75 mg 
chitosan (F5) as a formulation with optimum overall 
physical quality of the resultant tablets, SI and 
sustained drug release (76.69% at 6 h), maximum 
mucoadhesive strength (8.56 g), and ex vivo 
permeation (83.74% at 6 h) of the nine formulations 
evaluated. Release kinetic analysis revealed a 
predominantly zero-order, non-Fickian mechanism of 
drug release from F5, governed by diffusion and 
polymer relaxation. Comparative dissolution studies 
with a marketed Rizatriptan benzoate tablet revealed 
that F5 conformed to an acceptable and comparable 
(f1=13.92), albeit more sustained (f2=51.54), drug-
release profile. Moreover, three-month accelerated 
stability studies revealed no significant physical or 
chemical changes in F5. Collectively, these results 
validate a statistically, mechanistically, and 
pharmacokinetically optimized formulation of 
Rizatriptan benzoate buccal tablets as a promising, 
viable alternative to the limitations of conventional 
Rizatriptan benzoate oral therapy.  
References 
[1] Migraine A, Ropper A. Migraine. N Engl J Med 
2020;383:1866-76. 
[2] Winner P, Lewis D, Visser WH, Jiang K, Ahrens 
S, Evans JK, et al. Rizatriptan 5 mg for the acute 
treatment of migraine in adolescents: A randomized, 
double‐blind, placebo‐controlled study. Headache: 
The Journal of Head and Face Pain 2002;42:49-55. 
[3] Patel A, Prajapati BG, Patel D, Singh S. Processed 
polymers in fabrication and extension of gastric 
retention using bioadhesive drug delivery.  Processed 

Excipients in Advanced Drug Delivery: Apple 
Academic Press; 2025. p. 237-85. 
[4] Ahad HA, Chinthaginjala H, Priyanka MS, Raghav 
DR, Gowthami M, Jyothi VN. Datura stramonium 
leaves mucilage aided buccoadhesive films of 
aceclofenac using 32 factorial design with design-
expert software. Indian J Pharm Educ Res 
2021;55:s396-s404. 
[5] Dasari N, Vaddi H, Muvvala S. Formulation and 
evaluation of mucoadhesive buccal tablets of 
resperidone. Asian Journal of Pharmacy and 
Technology 2022;12:13-9. 
[6] Bazan JMN, de Sousa Carvalho LR, dos Santos 
Silva L, da Silva Neto AR, Martins Jr SMdSB, 
Nascimento da Silva LC. Advancements and scientific 
partnerships in the application of polysaccharides in 
oral formulations: a bibliometric analysis and review. 
Current Topics in Medicinal Chemistry 2026;26:677-
96. 
[7] Garhy DM, Ismail S, Ibrahim HK, Ghorab MM. 
Buccoadhesive gel of carvedilol nanoparticles for 
enhanced dissolution and bioavailability. Journal of 
Drug Delivery Science and Technology 2018;47:151-
8. 
[8] Aher SY. Analysing the Release Parameters and 
Characterisation of Mucoadhesive Non-Selective Beta 
Blocker Sustained-Release Buccal Films. Journal of 
Drug Delivery & Therapeutics 2026;16:55. 
[9] Ikinci G, Şenel S, Wilson C, Şumnu M. 
Development of a buccal bioadhesive nicotine tablet 
formulation for smoking cessation. International 
journal of pharmaceutics 2004;277:173-8. 
[10] Abdul Ahad H, Edukulla SK, SP R, Sugali Banoth 
T, Ganugapenta NK. Development and In Vitro 
Characterization of a HPMC K4M and Guar Gum-
Based Triple-Layer Matrix Tablet System for 
Chondroitin Sulphate and Diclofenac Sodium. 
Bulletin of Pharmaceutical Sciences Assiut University 
2025;48:859-73. 
[11] Alqahtani AS. Topical drug delivery in oral 
mucosal diseases: challenges, carriers, and 
innovations: a comprehensive review. Biomedical and 
Pharmacology Journal 2025;18:1835-48. 
[12] Maraie NK, Wannas AN. Design, optimization 
and characterization of mucoadhesive buccal film as a 
novel delivery system for doxazosin mesylate. Saudi 
Pharmaceutical Journal 2026;34:34. 
[13] Roja Y, Ahad HA, Chinthaginjala H, Soumya M, 
Muskan S, Kavyasree NG. A Glance at the Literature 
review on Buccal films. Research Journal of 
Pharmaceutical Dosage Forms and Technology 
2022;14:189-92. 
[14] Avhad PS, Gupta R, Rawat SS, Dubey RS. A 
glance on mucoadhesive system-still more to 
understand. Research Journal of Science and 
Technology 2021;13:133-41. 



Formulation and Optimization of Rizatriptan Benzoate Buccal Tablets for the Management of Acute Migraine 

 IJDDT Volume 16 Issue 88s 2026 Page: 233 

[15] Akhter R, Patial B, Badola K. Development and 
Evaluation of Nanoparticle-Loaded Mucoadhesive 
Buccal Films of Ondansetron Hydrochloride for 
Enhanced Bioavailability and Prolonged Anti-Emetic 
Effect. Journal of Chemical Health Risks 
2026;16:3581. 
[16] MANCHIKANTI SP, AHAD HA, HARANATH 
C, DASARI RR, VARAM NJ, MUSA GBM. 
Preceding Effort on Buccoadhesive Films for 
Elongated Drug Delivery. International Journal of 
Pharmaceutical Research (09752366) 2020;12:109. 
[17] Chiluka R, Maurya G, Jangla P, Suthar D, Raut 
R. Mucoadhesive buccal tablet formulation of 
azithromycin dihydrate for treatment of upper 
respiratory tract infection. Research Journal of 
Pharmacy and Technology 2024;17:1033-9. 
[18] Mundarinti S, Ahad HA. Past decade attempts on 
gastro retentive microspheres using factorial design: A 
comprehensive literature. Int J Pharm Phytopharmacol 
Res 2021;11:24-30. 
[19] Sheikh AA, Firdos F, Biyani K, Shaikh I, Shahzad 
M. Development and In Vitro Evaluation of 
Mucoadhesive Buccal Tablets of Timolol Maleate. 
Research Journal of Pharmacy and Technology 
2012;5:34. 
[20] Babu GN, Muthukaruppan M, Ahad HA. Impact 
of Azadirachta indica Fruit Mucilage on particle size 
and swelling index in Central Composite Designed 
Acyclovir mucoadhesive microspheres. Baghdad 
Science Journal 2023;20:9. 
[21] Bahraminejad S, Almoazen H. Sublingual and 
buccal delivery: a historical and scientific prescriptive. 
Pharmaceutics 2025;17:1073. 
[22] Babu GN, Muthukarupan M, Ahad HA, Sreedhar 
V. Fabrication and Preliminary Assessment of Neem 
Fruit Mucilage as Mucoadhesive Abetting Assets with 
Methpol-934P for Acyclovir Delivery from 
Mucoadhesive Microcapsules. Biomedical and 
Pharmacology Journal 2022;15:2179-84. 
[23] Panchal S, Ahad HA, Srinivas H, Ramachandra 
GB, Gangadharaiah M, Srinivas S. Breaking barriers 
in ocular drug delivery: unveiling the role of ocular 
inserts as controlled release systems. Research Journal 
of Pharmaceutical Dosage Forms and Technology 
2024;16:245-50. 
[24] Li L, Wang J, Xu J, Li J, Jin G. Polymer-Gated 
Bilayer Buccoadhesive Tablets for Biphasic Release 
of Indomethacin: Balancing Dissolution and 
Mucoadhesion. Pharmaceuticals 2026;19:944. 
[25] Bommanchu A, Kanukuntla M. Development and 
In vitro Evalution of Buccoadhesive tablets of 
Propranolol. Asian Journal of Pharmacy and 
Technology 2024;14:311-4. 
[26] Devhare, L. D., & Gokhale, N. (2021). Acid 
neutralizing capacity and antimicrobial potential of 
selected solvent extract from various indigenous 

plants. Journal of Advanced Scientific Research, 
12(04), 175-179 
[27] Uplanchiwar, V. P., Raut, S. Y., & Devhare, L. D. 
(2021). Pharmacological assessment of antiulcer 
activity of gloriosa superba linn tubers in 
experimentally induced gastric ulcers. Journal of 
medical pharmaceutical and allied science, 10(3), 
2852-2856. 
[28] Devhare, L. D., & Gokhale, N. (2022). 
Antioxidant and Antiulcer property of different 
solvent extracts of Cassia tora Linn. Research journal 
of pharmacy and technology, 15(3), 1109-1113. 
[29] Devhare, L. D., & Gokhale, N. (2023). A brief 
review on: phytochemical and antiulcer properties of 
plants (fabaceae family) used by tribal people of 
gadchiroli maharashtra. International journal of 
pharmaceutical sciences and research, 14(4), 1572-
1593. 
[30] Devhare, L. D., & Gokhale, N. (2023). In silico 
anti-ulcerative activity evaluation of some bioactive 
compound from Cassia tora and Butea monosperma 
through moleculer docking approach. International 
journal of pharmaceutical sciences and research, 
14(2), 1000-08. 
[31] Suruse, P. B., Jadhav, B. A., Barde, L. G., 
Devhare, L. D., Singh, S., Minj, K. H., & Suman, A. 
(2023). Exploring the potential of Aerva Lanata 
extract in a herbal ointment for fungal infection 
treatment. Journal of Survey in Fisheries Sciences, 
10(1), 1922-1932. 
[32] Bodhankar, S. S., Devhare, L. D., Meshram, A. 
S., Moharkar, D. W., & Badwaik, C. B. (2023). 
Formulation and in vitro evaluation of dental gel 
containing ethanglic extract of Mimosa pudica. 
European Chemical Bulletin, 12(5), 1293-1299. 
[33] Singh, S., Minj, K. H., Devhare, L. D., Uppalwar, 
S. V., Anand, S., Suman, A., & Devhare, D. L. (2023). 
An update on morphology, mechanism, lethality, and 
management of dhatura poisoning. Eur. Chem. Bull, 
12(5), 3418-3426. 
[34] Devhare, L. D., Bodhankar, S. S., Warambhe, P., 
Uppalwar, S. V., Devhare, D. L., Uchibagle, S., & 
Shende, S. (2023). Important role of food and 
nutritional security during Covid-19: A survey. Eur. 
Chem. Bull, 12(5), 1363-1374. 
[35] Gnana, R. P. M., Devhare, L. D., 
Dharmamoorthy, G., Khairnar, M. V., & Prasidha, R. 
(2023). Synthesis, Characterisation, Molecular 
Docking Studies and Biological Evaluation of Novel 
Benzothiazole Derivatives as EGFR Inhibitors for 
Anti-breast Cancer Agents. International Journal of 
Pharmaceutical Quality Assurance, 14(3), 475-480. 
[36] Prasad, M., Suman, A., Srivastava, S., & Devhare, 
L. D. (2023). Butea monosperma stem bark extract 
partially reverses high fat diet-induced obesity in rats. 
Eur. Chem. Bull, 12(5), 4267-4273. 



Formulation and Optimization of Rizatriptan Benzoate Buccal Tablets for the Management of Acute Migraine 

 IJDDT Volume 16 Issue 88s 2026 Page: 234 

[37] Thakare, V. M., Umare, S. A., & Devhare, L. D. 
(2023). Separation and purification of carboxymethyl 
cellulose from Spinacia Oleracea for use in 
pharmaceutical dosage form. Eur. Chem. Bull, 12(5), 
4062-4080. 
[38] Desai V, Ashok PA, Kulkarni P, Ahmed KA, 
Raikar PK. Enhancing drug bioavailability through 
mucoadhesive technologies: a comprehensive review 
of delivery systems. Biomedical Materials & Devices 
2026;4:2791-809. 
[39] Garg A, Rathor M. Tablet Evolution: Exploring 
Cutting-edge Technologies in Formulation and 
Development. Asian Journal of Pharmacy and 
Technology 2024;14:373-8. 
[40] Singh, M., Malik, A., Devhare, D. L., Ruikar, D. 
B., Krishnan, K., Kumar, D. V., & Devnani, D. (2023). 
Comparative Case Study On Tuberculosis Patients 
Between Rural And Urban Areas. Journal of Survey in 
Fisheries Sciences, 10(2), 1-11. 
[41] Thakre, S. M., Kumar, D. V., Ahuja, A., Hamid, 
N., Thakre, A. R., Khan, M. S., & Devhare, L. (2023). 
Exploring the Influence of an Antifungal Medication 
on Patients Receiving Oral Hypoglycemic Therapy: 
Investigating the Interplay Between Medications. 
Journal of Coastal Life Medicine, 11, 1255-1262. 
[42] Adimulapu, A. K., Devhare, L. D., Patil, A., 
Chachda, N. O., & Dharmamoorthy, G. (2023). Design 
and Development of Novel Mini Tablet Cap 
Technology for the Treatment of Cardiovascular 
Diseases. International Journal of Drug Delivery. 
Technology, 13(3), 801-806. 
[43] Krishna, K. V., Jain, P. K., Devhare, L. D., 
Sharma, R. K., Bagade, O. M., Venkatesham, A., & 
Yogesh, P. K. (2023). A Study on Antidiabetic 
Potential of Dried Fruits Extract of Eucalyptus 
Globulus in Experimental Animals. Journal of 
Biomedical Engineering, 40(3), 99-110. 
[44] Priya, M. G. R., Prasanth, L. M. L., Devhare, L. 
D., Yazdan, S. K., & Gunjal, S. (2024). Synthesis, 
DNA Binding, Molecular Docking and Anticancer 
Studies of Copper (II), Nickel (II), and Zinc (II) 
Complexes of Primaquine-based Ligand. International 
Journal of Pharmaceutical Quality Assurance, 15(1), 
69-75. 
[45] Choudhary, R. K., Beeraka, S., Sarkar, B. K., 
Dharmamoorthy, G., & Devhare, L. (2024). 
Optimizing Verapamil Hydrochloride In-situ 
Delivery: A Strategic Formulation Approach using 
Box-Behnken Design for Enhanced Performance and 
Comprehensive Evaluation of Formulation 
Parameters. International Journal of Drug Delivery 
Technology, 14(1), 61-70. 
[46] Kumar, K. K., Kiran, V., Choudhary, R. K., 
Devhare, L. D., & Gunjal, S. D. (2024). Design 
Development and Characterization of Nicardipine 

Solid Lipid Nano-Particulars. International Journal of 
Drug Delivery Technology, 14(1), 71-78. 
 


