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ABSTRACT

Background:

Sumatriptan succinate is a selective 5-HT:
receptor agonist used for the acute treatment of
migraine attacks. However, its low oral
bioavailability (approximately 15%) due to
extensive first-pass metabolism and slow onset
of action limits its therapeutic efficacy. Nasal
drug delivery offers an alternative route that
bypasses hepatic metabolism and provides rapid
drug absorption through the rich vascular
network of the nasal mucosa. Incorporating
mucoadhesive microspheres into an in-situ nasal
gel can further enhance drug residence time,
control release, and improve patient compliance.
Objective: The present study aimed to
formulate and  evaluate  mucoadhesive
microspheres  of  Sumatriptan  succinate
incorporated into an in-situ nasal gel for
sustained release and enhanced nasal
bioavailability.

Methods: Sumatriptan succinate-loaded
mucoadhesive microspheres were prepared
using the emulsification cross-linking method
with chitosan as the polymer and sodium
tripolyphosphate (TPP) as the cross-linking
agent. Nine formulations (F1-F9) were
developed by varying the polymer-to-drug ratio.

The microspheres were evaluated for percentage
yield, particle size, drug entrapment efficiency,
swelling index, mucoadhesive strength, and in-
vitro drug release. The optimized microspheres
were incorporated into a Poloxamer 407-based
in-situ nasal gel and evaluated for pH, viscosity,
gel strength, and mucoadhesive force.

Results: The study revealed that increasing the
concentration of chitosan improved yield, drug
entrapment efficiency, swelling index, and
mucoadhesive strength while reducing drug
release rate. The optimized formulation (F9)
showed a yield of 77.0 + 1.8%, entrapment
efficiency of 72.3 + 2.3%, particle size of 35.0 +
1.9 um, and sustained drug release (40.8 £ 3.0%
at 8 h). The formulated in-situ gel displayed
ideal pH (6.2 £ 0.2), viscosity (860 £ 16 cps),
and gel strength (43.2 £ 1.5 sec), ensuring
compatibility and adequate nasal retention.
Conclusion:

The developed mucoadhesive microsphere-
based in-situ nasal gel of Sumatriptan succinate
exhibited prolonged drug release, enhanced
mucoadhesion, and suitable physicochemical
properties for nasal administration. This delivery
system could potentially overcome the
limitations of conventional oral and parenteral
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routes, providing rapid onset and sustained
therapeutic effect in migraine management.
Keywords:
Sumatriptan succinate, Mucoadhesive
microspheres, In-situ nasal gel, Chitosan,
Tripolyphosphate, Poloxamer 407, Sustained
release, Migraine therapy

I.  INTRODUCTION
Migraine is a chronic neurovascular disorder
characterized by recurrent episodes of severe
headache often accompanied by nausea,
photophobia, and vomiting. The first-line
therapy for acute migraine management includes
triptans, a class of serotonin (5-HT.B/\D)
receptor agonists. Among these, Sumatriptan
succinate has gained wide clinical acceptance
due to its potent vasoconstrictive and anti-
inflammatory effects in cranial blood vessels.
However, the oral bioavailability of Sumatriptan
succinate is only around 15%, primarily due to
extensive hepatic first-pass metabolism and
limited absorption in the gastrointestinal tract.
This leads to delayed onset of action, which is
undesirable in acute migraine episodes.[1,2]
Nasal drug delivery presents an attractive
alternative route for drugs like Sumatriptan
succinate, offering rapid systemic absorption,
avoidance of hepatic metabolism, and improved
patient convenience. The nasal mucosa, with its
large surface area and rich wvascularization,
enables efficient drug transport. However,
conventional nasal formulations such as sprays
and drops suffer from rapid mucociliary
clearance, resulting in short residence time and
limited absorption.[3,4]
To overcome these limitations, mucoadhesive
microsphere-based  systems  have  Dbeen
developed. These microspheres, composed of
bioadhesive polymers, can adhere to the nasal
mucosa, prolonging the contact time and
allowing controlled drug release. Chitosan, a
naturally occurring cationic  polymer, is
particularly effective for nasal delivery due to its
mucoadhesive nature, biocompatibility,
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biodegradability, and ability to transiently open
tight junctions in epithelial membranes. Sodium
tripolyphosphate (TPP) is commonly used as a
cross-linking agent for chitosan, producing
stable microspheres with good encapsulation
efficiency and controlled release
characteristics.[5-7]

Furthermore, incorporating these microspheres
into an in-situ gelling system enhances
formulation performance. In-situ gels undergo
sol-to-gel transition upon exposure to nasal
physiological conditions such as temperature or
pH. Poloxamer 407, a thermoresponsive
polymer, is widely utilized for in-situ gel
formulations due to its reversible gelation
property, low toxicity, and excellent
compatibility. The combination of
mucoadhesive microspheres and in-situ gel
ensures both sustained release and prolonged
residence at the nasal mucosa, leading to
improved bioavailability and therapeutic
efficiency.[8]

The present work focuses on the formulation and
in-vitro  characterization of  Sumatriptan
succinate-loaded mucoadhesive microspheres
incorporated into an in-situ nasal gel. The study
emphasizes optimizing polymer concentration
and cross-linking parameters to achieve desired
particle size, entrapment efficiency,
mucoadhesive strength, and controlled release
profile. The overall goal is to develop a stable,
effective, and patient-friendly nasal delivery
system capable of providing sustained migraine
relief.

1. MATERIALS AND METHOD
Sumatriptan Succinate was procured as a gift
sample from a reputed pharmaceutical company.
All other reagents and chemicals used were of
analytical grade and purchased from standard
suppliers such as S.D. Fine Chemicals and Loba
Chemie, Mumbai. Polymers like sodium
alginate, Carbopol 934, and HPMC were used
for the preparation of  mucoadhesive
microspheres. Distilled water and freshly
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prepared solvents were utilized throughout the
experimental work.

Preformulation studies were conducted to assess
the physicochemical properties of Sumatriptan
Succinate, including its organoleptic
characteristics, melting point, solubility profile,
and compatibility with excipients. The color,
odor, and appearance of the drug were visually
examined. The melting point was determined
using a capillary melting point apparatus and
compared with the reported range of 165-
170°C, confirming the drug’s purity. Solubility
studies were performed in different solvents
such as water, ethanol (95%), methanol,
chloroform, ether, acetone, benzene, 0.1 N
hydrochloric acid, and phosphate buffer (pH
7.4). Excess drug was added to 10 mL of each
solvent and shaken for 24 hours at room
temperature. After filtration, the filtrate was
analyzed spectrophotometrically at 227 nm to
determine the quantitative solubility of the drug.
Mucoadhesive microspheres of Sumatriptan
Succinate were prepared by the ionic gelation
method using sodium alginate as the primary
polymer in combination with Carbopol 934 and
HPMC in different ratios (F1-F9). The
accurately weighed polymer(s) were dissolved in
distilled water to form a homogeneous mixture,
and the required quantity of drug was dispersed
uniformly into the polymer solution under
constant magnetic stirring. The dispersion was
then added dropwise into a calcium chloride
solution, which acted as a cross-linking agent,
under continuous stirring at 700 rpm for 30
minutes. The resulting microspheres were
allowed to harden, collected by filtration,
washed thoroughly with distilled water to
remove unreacted residues, and dried at room
temperature.

The prepared microspheres were evaluated for
percentage yield, drug entrapment efficiency,
particle size, swelling index, and mucoadhesion.
The percentage vyield was determined by
comparing the total weight of dried
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microspheres to the initial total weight of the
drug and polymers. Drug entrapment efficiency
was measured by dissolving a known quantity of
microspheres in phosphate buffer (pH 7.4),
filtering the solution, and determining the
absorbance at 227 nm using a UV
spectrophotometer. The average particle size
was determined using an optical microscope
fitted with a calibrated eyepiece micrometer.
The swelling index was assessed by immersing a
known weight of microspheres in phosphate
buffer (pH 6.4) for one hour, blotting off excess
moisture, and reweighing the sample to calculate
the percentage increase in weight.

Overall, this method facilitated the successful
formulation ~ of  Sumatriptan  Succinate
mucoadhesive microspheres with desirable
physicochemical characteristics suitable for
incorporation into an in-situ nasal gel delivery
system.[9-15]

Preparation of Mucoadhesive Intranasal
Microspheres:

The mucoadhesive intranasal microspheres of
Sumatriptan succinate (F1-F9) were synthesized
by the emulsification cross-linking technique,
employing chitosan as the mucoadhesive
polymer and sodium tripolyphosphate (TPP) as
the cross-linking agent. Precisely measured
amounts of chitosan were dissolved in 1% v/v
acetic acid to produce polymer solutions of
varying concentrations (1.0%, 1.5%, and 2.0%
w/w) corresponding to formulations F1-F9.
Sumatriptan succinate (10% w/w) was equally
disseminated in the chitosan solution using
magnetic stirring. The dispersion was then
introduced dropwise into 50 mL of light liquid
paraffin containing 0.5% v/v Span 80 as an
emulsifier, while maintaining continuous
agitation to achieve a stable emulsion. Aqueous
TPP solution (0.5-1.5% w/v) was gradually
introduced to facilitate cross-linking and the
production of microspheres. The stirring was
sustained for a designated period to complete the
cross-linking process, following which the
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microspheres were isolated using filtering,
thoroughly washed with n-hexane to eliminate
oil residues, and then dried at ambient
temperature. The dehydrated microspheres were
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ultimately combined with 2% w/v mannitol as a
cryoprotectant and preserved in a desiccator
until further assessment.[16-19]

Table 1: Composition of Mucoadhesive Intranasal Microspheres (F1-F9)

Ingredients / Parameters F1 |F2 |F3 |F4 |F5 |F6 |F7 |F8 |F9
Sumatriptan Succinate (% w/w) 10 |10 (10 |10 |10 |10 |10 |10 |10
Chitosan (% w/w) 10 |10 |10 |15 |15 |15 |20 |20 |20
TPP (% wiv) 05 |10 |15 |05 (10 |15 |05 |10 |15
Span 80 (% v/v) 05 |05 |05 |05 |05 |05 (05 |05 |05
Liquid Paraffin (mL) 50 50 50 50 50 50 50 50 50

I11. RESULTS AND DISCUSSION

The preliminary evaluation of Sumatriptan
Succinate confirmed that the drug appeared as a
white to off-white, odorless powder with a
melting point ranging between 165-170°C,
which corresponds well with the literature
values, indicating its purity and authenticity.

The solubility studies revealed that Sumatriptan
Succinate is freely soluble in water and soluble
in 0.1 N hydrochloric acid, suggesting good
aqueous solubility in acidic conditions, which is
advantageous for oral absorption. The drug was
slightly soluble in ethanol, methanol, and
phosphate buffer (pH 7.4), while it was
practically insoluble or insoluble in chloroform,
ether, acetone, and benzene. This solubility
pattern indicates that the drug is hydrophilic in
nature and may require suitable formulation
strategies to enhance its stability and
bioavailability.

The calibration curve of Sumatriptan Succinate
was found to be linear in the concentration range
of 2-12 pg/mL, with absorbance values
increasing proportionally with concentration,
confirming adherence to Beer—Lambert’s law.
The regression data indicated good linearity,
suggesting that the method is suitable for

guantitative estimation of Sumatriptan Succinate
in formulations.

The evaluation of various formulations (F1-F9)
demonstrated that the percentage yield increased
progressively from 58.9 + 1.6% to 77.0 = 1.8%,
indicating improved process efficiency with
optimized polymer ratios. The drug entrapment
efficiency (EE%) also showed a gradual increase
from 48.6 + 2.2% in F1 to 72.3 + 2.3% in F9,
reflecting better encapsulation capability with
increasing polymer concentration.

The average particle size ranged from 16.2 + 1.1
pm to 35.0 + 1.9 um, showing that higher
polymer content led to larger particle formation
due to increased viscosity during formulation.
The swelling index increased from 22.5 + 1.0%
to 56.2 + 1.8%, suggesting enhanced hydration
capacity and swelling behavior, which is
beneficial for controlled drug release and
mucoadhesive properties.

The percentage mucoadhesion also increased
consistently from 45.2 £ 2.4% to 75.6 + 1.6%,
indicating that formulations with higher polymer
concentrations provided stronger adhesion to the
mucosal surface, ensuring prolonged residence
time at the site of absorption.

In contrast, the in-vitro cumulative drug release
decreased with increasing polymer
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concentration—from 78.0 £ 3.0% in F1 to 40.8
+ 3.0% in F9—suggesting a sustained release
effect. This inverse relationship between
polymer concentration and drug release rate
demonstrates that higher polymer levels retard

drug diffusion, promoting
prolonged drug delivery.

controlled and

Preliminary Evaluation of Sumatriptan Succinate
Table 2: Preliminary Evaluation of Sumatriptan Succinate
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Overall, the optimized formulation (F9) showed
desirable physicochemical characteristics, higher
drug entrapment, strong mucoadhesion, and
sustained release behavior, indicating its
potential as an effective mucoadhesive drug
delivery system for Sumatriptan Succinate.

Sr. No. Parameter Observation / Result

1 Appearance White to off-white powder
2 Odor Odorless

3 Melting Point 165-170°C

Solubility Profile of Sumatriptan Succinate
Table 3: Solubility Profile of Sumatriptan Succinate

Sr. No. | Solvent Quantitative Solubility (mg/mL) | Descriptive Solubility
1 Water 18 mg/mL Freely soluble

2 Ethanol (95%) 3.5 mg/mL Slightly soluble

3 Methanol 5 mg/mL Slightly soluble

4 Chloroform <0.1 mg/mL Practically insoluble

5 Ether <0.05 mg/mL Insoluble

6 Acetone <0.2 mg/mL Practically insoluble

7 Benzene <0.05 mg/mL Insoluble

8 0.1 N Hydrochloric Acid 26 mg/mL Soluble

9 Phosphate Buffer (pH 7.4) | 5-6 mg/mL Slightly soluble
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Fig 1: Solubility Profile of Sumatriptan Succinate
Calibration curve of Sumatriptan succinate
Table 4: Calibration Curve of Sumatriptan Succinate

S. No. | Concentration (ug/mL) | Absorbance (nm) | Mean = SD
1 2 0.118 0.118 + 0.002
2 4 0.236 0.236 + 0.003
3 6 0.354 0.354 + 0.002
4 8 0.472 0.472 £ 0.004
5 10 0.591 0.591 + 0.003
6 12 0.709 0.709 + 0.002
Calibration Curve of Sumatriptan Succinate
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Fig 2: Calibration Curve of Sumatriptan Succinate
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Table 5: Evaluation of Mucoadhesive Microspheres
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Parameter F1 F2 F3 F4 F5 F6 F7 F8 F9
% Yield 589+1.6 | 60.7 62.4 66.2 68.0 69.7 73.0 75.4 77.0
+15 |£17 |£16 |£15 | £18 |+£17 |+£16 |x£18
Drug Entrapment 486 2.2 | 52.0 55.1 58.0 |61.4 |64.7 675 |70.0 |723
Efficiency (EE %) +20 |£23 |+21 [+x20 |+£22 |+21 |[+x20 |£23
Average particle 162+11 (178 |196 |220 |241 |26.7 |299 |321 |350
size (Um) +12 |£13 |£14 |£15 |£16 |+£17 |+£18 |£19
% Swelling index 225+10 | 25.0 28.8 33.0 37.4 41.8 46.7 51.0 56.2
(inpH 6.4, 1 h) +11 |+£12 | +13 (14 |£15 |+16 |17 |£138
% Mucoadhesion 452 +2.4 | 49.0 53.1 57.6 61.8 65.0 68.9 72.2 75.6
after 1 hr +23 | £22 | +21 [+20 |+£19 |+18 |17 |16
In-vitro cumulative | 78.0+3.0 | 74.2 70.5 66.0 61.2 56.8 51.5 46.0 40.8
drug release (%) at 8 +28 |29 |27 |+£26 |+£25 |£26 |+28 |+3.0
h
Evaluation Parameters of Mucoadhesive Microspheres (F1-F9)
80
/0
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g 50
a0 e
30 = ¢ Y —r:—'_ :
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Fig 3: Evaluation of Mucoadhesive Microspheres
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IV. CONCLUSION
The study successfully developed and
characterized a mucoadhesive microsphere-
based in-situ nasal gel containing Sumatriptan
succinate.  The  optimized  formulation
demonstrated desirable physicochemical
characteristics, excellent mucoadhesion, and
sustained drug release behavior. The in-situ gel
exhibited suitable pH and viscosity compatible
with nasal mucosa and sufficient gel strength for
prolonged residence time. Results indicated that
chitosan concentration played a significant role
in modulating entrapment efficiency, particle
size, and release rate. Overall, the developed
formulation holds great promise as a novel
intranasal delivery system that can enhance the
therapeutic efficacy, bioavailability, and onset of
action of Sumatriptan succinate  while
minimizing systemic side effects and improving
patient compliance in migraine therapy.
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