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ABSTRACT:

Migraine, a prevalent and disabling neurological disorder, remains inadequately managed by conventional oral therapies due to
challenges like slow onset, low bioavailability, and significant first-pass metabolism. By enabling direct medication administration
from the nose to the brain and avoiding the blood-brain barrier and hepatic metabolism, the intranasal route presents an appealing
option. This review critically examines the application of nanoparticle-based systems for the enhanced intranasal delivery of
antimigraine drugs. We explore the mechanistic pathways involved in neuronal transport via the olfactory and trigeminal nerves,
which enable rapid and targeted drug delivery to the central nervous system. The focus of this article is advanced nanocarriers, such
as polymeric nanoparticles, solid lipid nanoparticles (SLNs), nanostructured lipid carriers (NLCs), and mucoadhesive in situ gels,
which together enhance drug stability, extend nasal residence time, and offer controlled release profiles. Compared to conventional
oral formulations, these nanotechnological techniques can achieve a surprisingly fast start of action (within 15-30 minutes) and
much better brain bioavailability (up to 80-90%), according to substantial data from recent preclinical and clinical investigations.
Beyond that, this delivery system's personalized design reduces systemic medication exposure, which lowers peripheral side effects
and improves patient compliance. In conclusion, intranasal administration facilitated by nanoparticles is a potential and
revolutionary approach to improving migraine treatment, bridging the gap between cutting-edge formulation research and
observable patient benefits.

Keywords: Drug targeting, Intranasal delivery, Migraine, Nanoparticles, Nose-to-brain transport.
INTRODUCTION:

Migraine is a complex neurobiological disorder affecting about 15% of women and 6% of men. It is characterized by a unilateral,
pulsating headache, often accompanied by nausea, vomiting, and light sensitivity. Reduced serotonin (5-hydroxytryptamine, 5-HT)
causes cerebral vasodilation and activation of trigeminovascular pathways, driving the intense pain of migraine attacks. The
condition imposes a significant burden on quality of life and healthcare systems. 1]

Oral medications, including triptans and NSAIDs (Nonsteroidal Anti-Inflammatory Drugs), remain the primary therapy but are
limited by poor gastrointestinal absorption, hepatic metabolism, delayed onset, and systemic side effects. These constraints highlight
the need for faster, more targeted drug delivery strategies. Intranasal administration offers a promising alternative. The nasal cavity
provides rapid systemic absorption and direct access to the brain via olfactory and trigeminal nerves, bypassing the gastrointestinal

tract and first-pass metabolism. This nose-to-brain route can achieve faster and more consistent relief compared to oral therapies.
[2113]

However, conventional nasal sprays are often cleared rapidly by the mucociliary system, reducing drug absorption. Nanoparticle-
based in-situ gels address these limitations by encapsulating drugs within nanoscale carriers and undergoing sol-to-gel transition in
the nasal cavity. This approach enhances stability, prolongs residence time, allows controlled release, and facilitates targeted
transport to the central nervous system, improving therapeutic efficacy and patient compliance. 15!

Despite their promise, challenges remain in optimizing particle properties, mucoadhesion, safety, and clinical translation. Systematic
studies are needed to establish standardized protocols and fully realize the potential of nanoparticle-enabled nose-to-brain delivery
for migraine management. Nose-to-brain drug delivery provides a promising alternative to conventional drug delivery systems for
brain disorders like migraine, offering enhanced brain targeting, rapid onset, and reduced systemic side effects. HI6I7]
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Advantages of Nose-to-Brain Drug Delivery (¥

e Bypasses the blood-brain barrier (BBB) and hepatic first-pass metabolism, ensuring higher drug concentrations reach the brain
than oral or intravenous routes.

¢ Enables non-invasive, patient-friendly administration, particularly suitable for unconscious, paediatric, and geriatric populations.
e Reduces peripheral (systemic) side effects by minimizing drug exposure to non-targeted organs.

e Novel carriers (e.g., nanoparticles, liposomes) protect drugs from enzymatic degradation and promote controlled, prolonged
brain drug release.

Challenges in Nasal Drug Delivery ©

e Mucociliary clearance: The nasal cavity has its own protective mechanism that swiftly expels foreign substances, which
unfortunately leads to the rapid removal of drug formulations and reduces their contact time with the absorption surface.

o Enzymatic degradation: A variety of nasal enzymes can metabolize delicate molecules, particularly peptides and proteins
before they exert any therapeutic effect, resulting in reduced drug availability.

o Limited residence time: Because of constant mucus movement and physiological turnover, most formulations remain in the
nasal cavity only briefly, restricting effective absorption.

o Restricted absorption surface: The nasal cavity offers a relatively small surface area compared to other routes, limiting the
total amount of drug that can be absorbed.

e Physicochemical barriers: Drugs with poor solubility, low lipid affinity, or chemical instability struggle to permeate the nasal
epithelium effectively.

Significance of Nanoparticle-Based Nose-to-Brain Delivery ['01111112]

o Protection of sensitive molecules: Nanoparticles can encapsulate therapeutic agents, shielding them from enzymatic
degradation and maintaining their structural integrity.

e Improved solubility and penetration: By enhancing solubility and promoting interaction with the nasal membrane,
nanocarriers facilitate efficient transport of drugs that would otherwise show poor absorption.

o Prolonged mucosal residence: Surface-modified nanoparticles exhibit strong mucoadhesion, allowing them to stay longer at
the nasal site and increase the window for absorption.

o Targeted brain delivery: The nanoscale size enables nanoparticles to access olfactory and trigeminal pathways, providing a
direct route to the brain while bypassing the blood—brain barrier.

e Controlled and sustained release: These systems can be engineered to release the drug gradually, maintaining consistent
therapeutic levels over an extended period.

o Enhanced bioavailability: The combined effects of protection, retention, and efficient transport result in significantly improved
drug bioavailability within the central nervous system.

MECHANISM OF NOSE-TO-BRAIN DRUG DELIVERY
The nasal cavity provides a direct anatomical link to the central nervous system (CNS), offering a non-invasive route that bypasses

the restrictive blood-brain barrier. Drugs administered intranasally follow distinct transport pathways that deliver them either directly
into the brain or indirectly through systemic circulation ['*), as shown in Figure 1.
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Nose-to-Brain Drug Delivery Mechanism

Qa:; Drug Administration

C\ Deposition on Epithelium
Absorption
Direct Neuronal Transport

Diffusion into Brain Regions

Figure 1: Nose-to-Brain Drug Delivery Mechanism
I. Deposition and Initial Absorption ['4I3]

After administration, drug particles deposit on two regions: the olfactory epithelium in the upper nasal cavity and the respiratory
epithelium covering the majority of the surface. The epithelial layer is thin and highly vascularized, allowing rapid absorption.

II. Direct Neuronal Transport [61161l7]

1. Olfactory Pathway: Drugs administered intranasally can penetrate the olfactory epithelium and reach the olfactory bulb via
sensory neurons, followed by diffusion into cortical and subcortical brain regions. The olfactory pathway, located in the upper nasal
cavity, serves as a key route for brain targeting. This region contains olfactory receptor neurons (ORNs) along with supporting cells,
also known as sustentacular, basal, or microvillar cells. ORNSs transmit sensory information from the nasal environment to the CNS.
Beneath the epithelium lie Bowman's glands (mucus-secreting), axons, lymphatic and blood vessels, and connective tissue.
Dendrites of olfactory neurons extend into the mucus layer, while their axons pass through the cribriform plate into the subarachnoid
space containing CSF and then project to brain regions such as the olfactory tract, piriform cortex, anterior olfactory nucleus,
amygdala, and hypothalamus.

Drug transport across the olfactory epithelium generally occurs via three pathways: [16117]

Transcellular pathway: Mainly through sustentacular cells, involving endocytosis or passive diffusion. This route primarily favors
lipophilic drugs.

Paracellular pathway: Between sustentacular cells, facilitating transport of hydrophilic drugs. The absorption rate depends on the
drug’s molecular weight, with effective bioavailability for molecules up to ~1000 Daltons or higher when absorption enhancers are
used.

Olfactory nerve pathway: Drugs are internalized by neurons through endocytosis and transported intracellularly along axons to
the olfactory bulb.

2. Trigeminal Pathway: The trigeminal nerve innervates both the olfactory and respiratory regions. Drugs absorbed here travel
via trigeminal branches to the brainstem and higher pain-processing centers, making this pathway particularly relevant for migraine
therapy. The respiratory region differs from the olfactory region in cellular composition, consisting mainly of ciliated epithelium
interspersed with goblet cells that clear mucus and foreign particles. The trigeminal nerve transmits sensory information from the
oral and nasal cavities, eyelids, and cornea to the CNS through its ophthalmic, maxillary, and mandibular divisions. Unlike the
olfactory nerve, trigeminal fibers from the respiratory region enter the brain at two points: near the olfactory bulb via the cribriform
plate and at the pons. Other cranial nerves and sensory structures in the nasal cavity may also serve as additional entry routes.
Overall, the trigeminal nerve provides a key route for nasal drug delivery to the CNS. PI[8]

II1.Paracellular and Intracellular Routes ['°!

Small hydrophilic drugs primarily traverse the nasal epithelium through paracellular pathways, passing between cells via tight
junctions. Lipophilic compounds and nanoparticles are mainly absorbed through transcellular mechanisms, which include passive
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diffusion across cell membranes or active vesicular transport such as endocytosis and exocytosis. Additionally, axonal transport
along neuronal pathways and perineural diffusion allow direct access to the brain, bypassing systemic circulation.

IV.Systemic Absorption 116
A fraction of the intranasally administered drug enters the rich network of nasal blood vessels, rapidly reaching systemic circulation
while avoiding first-pass hepatic metabolism. This systemic uptake supports both central nervous system and peripheral effects,
enhancing the overall efficacy of anti-migraine agents.

V.Blood-Brain Barrier and Migraine Pharmacotherapy 292!
The BBB is a dynamic interface composed of endothelial cells, astrocytes, pericytes, and a basement membrane, collectively
restricting paracellular transport and expressing efflux pumps like P-glycoprotein (P-gp). This limits the brain uptake of many
antimigraine drugs, including sumatriptan and rizatriptan, which have low BBB (Blood-Brain Barrier) permeability.

Migraine and BBB Permeability (%]

Migraine attacks may transiently disrupt the BBB due to neuroinflammation and vasodilation, creating a therapeutic window for
nanoparticle delivery. However, this disruption is unpredictable and not reliable for consistent drug delivery.

Nanoparticle Strategies to Cross the BBB [21[!]

Nanoparticles can cross the BBB via:

e Receptor-mediated transcytosis: Using ligands like transferrin or lactoferrin.

e Adsorptive-mediated transcytosis: Cationic nanoparticles interact with negatively charged cell membranes.

o Tight junction modulation: Borneol and chitosan can reversibly open tight junctions. These mechanisms enhance brain targeting
while minimizing systemic exposure.

VI. Distribution within the Brain ['22]
Once drugs reach the CNS, they disperse through cerebrospinal fluid and interstitial fluid, targeting key structures involved in
migraine pathophysiology, including trigeminal nuclei, the thalamus, and cortical pain-processing centers. Together, these
mechanisms account for the faster onset of action, lower dosing requirements, and improved therapeutic outcomes observed with
nasal anti-migraine formulations compared to conventional oral therapies.

Comparative Efficacy with Other Drug Delivery Methods ['8133]

Table 1: Comparative Efficacy with Other Drug Delivery Systems

Delivery Method Onset Time Bioavailability Patient Compliance
Oral 30—60 min 40-60% Moderate

Injectable 10—15 min 90-100% Low

Transdermal 60—90 min 70-80% Moderate

Nasal Nanoparticles 15-30 min 80-90% High

STRATEGIES USED TO DEVELOP SUSTAINED-RELEASE MIGRAINE FORMULATIONS

Sustained-release formulations for migraine are developed using several innovative strategies that enhance drug retention, prolong
therapeutic effects, and improve brain targeting, particularly via the intranasal (nose-to-brain) route [2), as shown in Figure 2.
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Figure 2: Nanoparticle Strategies for Sustained-Release Migraine Therapy
I. Polymeric Nanoparticles
1. PLGA Nanoparticles >’
Poly (lactic-co-glycolic acid) (PLGA) nanoparticles are biodegradable, biocompatible, and FDA -approved for drug delivery. They
provide sustained release of drugs like topiramate and ubrogepant, with studies showing brain concentrations 2.5-fold higher than

oral administration. PLGA nanoparticles embedded in thermosensitive in situ gels offer controlled release over 24 hours, ideal for
migraine prophylaxis.
2. Chitosan Nanoparticles 4

Chitosan, a natural polysaccharide, exhibits mucoadhesive properties and enhances nasal residence time. Sumatriptan-loaded
chitosan nanoparticles show high entrapment efficiency (75-85%) and sustained release over 28 hours, with an improved brain
targeting index (Drug Targeting Efficiency (DTI) > 2.3).

II. Lipid-Based Nanoparticles

1. Solid lipid nanoparticles (SLNs) [>°]

SLNs are developed to encapsulate migraine drugs, offering biocompatibility, controlled release, prolonged drug action and
protection of drugs from degradation and improving bioavailability. Rizatriptan-loaded SLNs demonstrated a Maximum
Concentration (Cmax) of 473.56 ng/mL and an Area Under the Curve (AUC) of 3706.95 ng/mL, significantly outperforming oral
formulations.

2. Nanostructured lipid carriers (NLCs) [2°

NLCs are composed of a blend of solid and liquid lipids to improve drug loading and stability, surpassing the limitations of
conventional SLNSs.

III.Mucoadhesive In Situ Gelling Systems [“127]
Mucoadhesive in situ gels incorporate nanoparticles or dissolved drugs and undergo sol-to-gel transition upon contact with the nasal

mucosa, providing extended residence time and sustained release.
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These gels ensure constant and higher drug absorption over a prolonged period, as demonstrated in drug-loaded SLN gels for
migraine therapy.

IV.Liposomes and Nanoemulsions [28][29]

Liposomes (phospholipid vesicles) and nanoemulsions increase drug stability, enhance brain targeting, and provide
controlled/sustained release while protecting drugs from enzymatic degradation.

Mucoadhesive nanoemulsions also enhance brain delivery of antimigraine drugs, showing prolonged presence and efficacy.
V. Dendrimers and Inorganic Nanoparticles [11][30]

Dendrimers are highly branched, multifunctional polymers that enable high drug loading, controlled release, and improved brain
targeting. They can be incorporated into mucoadhesive gels to further sustain release.

Inorganic nanoparticles such as gold- or silica-based carriers are being explored for their controlled release properties, though safety
and mucosal irritation must be assessed.

VI.Additional Strategies

1. Surface Functionalization [11][30][31]

PEGylation reduces immunogenicity and enhances circulation time. Ligands such as borneol, transferrin, or lactoferrin can target
specific receptors to increase nose-to-brain transport efficiency. Borneol-modified nanoparticles have demonstrated opening of tight
junctions and enhanced penetration across the BBB.

Surface modification (e.g., with ligands or polymers) enhances mucoadhesion, uptake, and targeted release.

Incorporation of enzyme inhibitors and permeation enhancers helps protect drugs from degradation and extends their effective
presence.

2. Patient-Centric Perspective and Compliance [25][31][32]

Nasal nanoparticle delivery systems offer a practical, non-invasive alternative to painful injections and slow-acting oral tablets,
which is especially beneficial during acute migraine episodes when nausea and gastric stasis compromise drug absorption. Devices
optimized for nasal drug deposition, such as breath-powered nasal powders, improve precision and user acceptability. Clinical trials

indicate patient preference, improved adherence, and faster onset of relief with nasal nanoparticles compared to traditional forms.

Proper patient education on device usage and administration techniques is essential to maximize treatment compliance and efficacy.
These advantages suggest that nasal nanoparticle delivery aligns well with patient-centered care paradigms in migraine management.

EXPLORATION OF FORMULATIONS [18][20][21]

Recent formulations include PLGA nanoparticles embedded in thermo-responsive in situ gels maintaining stability and controlled
drug release over 24 hours, enhancing brain accumulation after nasal administration in animal models. Chitosan-based
nanoemulsions and borneol-modified lipid carriers have demonstrated significant improvement in permeability and neuroprotective
effects targeting migraine-relevant pathways. Particle size (ideally <200 nm), positive zeta potential, and high drug encapsulation
efficiencies remain critical formulation parameters.

Recent advances include:

e Insitu gels: Thermo-responsive systems for sustained release.

¢ Borneol-modified nanoparticles: Enhanced BBB penetration.

e Hybrid systems: Lipid-polymer nanoparticles for dual functionality.
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Table 2: Nanoformulation-Based Strategies for Intranasal Migraine Therapy

Tmax 1 hr, AUC 3706.95 ng/ml, and T1/2 of 5.7 hr.

Formulation Type Study Findings Examples
Polymeric Nanoparticles sustained release for up to 24 hours and their easy penetration of | Sumatriptan [2]
Nanoparticles the nasal mucosa due to their formulation and particle size may assist in cutting

down the number of daily doses to just one.

Intranasal medication delivery may be a useful tool for migraine treatment, | Zolmitriptan [34]

according to ex vivo drug permeation experiments that show regulated drug

release for up to 24 hours.

decreases the first-pass metabolism and increases bioavailability following | Eletriptan

nasal medication administration for migraine treatment Hydrobromide [35]
Solid lipid Nasal SLN was observed to be preferable to the commercial oral formulation | Rizatriptan Benzoate
nanoparticles (SLN) and drug solutions administered by the IV route, with Cmax 473.56 ng/ml, | [36]

The findings showed that the drug was delivered to the brain quickly within 10
minutes, and the safety of the nano-formulation for nasal administration was
validated by toxicological studies.

Almotriptan [37]

Nasal Emulsions/
Nanoemulsions

The drug's brain targeting was greater with intranasal nanoemulsions
(AUC=302.52 pg min/g) than with intranasal gels (AUC=115 nug min/g) and
intravenous treatment (AUC=109.63 ug min/g).

Rizatriptan Benzoate
[38]

In nasal drug administration for the treatment of migraines, nanoemulsion
demonstrated a high drug loading, a repeatable drug release profile, a reduced
droplet size, and a good zeta potential.

Flunarizine
Dihydrochloride [12]

The drug's solubility and release in a simulated nasal fluid are enhanced by
solid-liquid nanoemulsion. The mixture as a whole was determined to be
appropriate for nasal medication administration.

Flunarizine
Dihydrochloride [39]

Nanostructured lipid
carriers (NLCs)

Adequate drug deposition in the brain. For NLCs delivered intranasally, the
DTE and DTP were determined to be 258.02% and 61.23%, respectively.

Sumatriptan [26]

Nasal Sprays (MDI /

Rapid and efficient migraine symptom alleviation was achieved with

Sumatriptan nasal

Pump sprays) sumatriptan nasal spray, particularly the 20 mg dosage. Notable pain reduction | spray [40]

was observed as early as 15 minutes, and 62—63% of patients reported minimal

or no pain at 2 hours, compared to 29-35% for a placebo. Overall, the treatment

was favourably received.
Polymeric Polymeric nanoparticles help deliver drugs to the CNS by crossing the blood- | PLGA nanoparticles
Nanoparticles brain barrier safely and providing controlled release. They are biodegradable, | for CNS drugs
(PLGA, Chitosan, can carry diverse drugs, and show promise in treating neurological disorders, | [2][24]
etc.) though clinical use is still developing.

Micellar nanocarriers

When compared to the drug's intravenous and nasal solutions, in vivo
biodistribution experiments demonstrated the superiority of the created
nanocarrier for brain targeting. A potential nose-to-brain transport channel for
the labeled medication was identified by brain localization experiments.

Zolmitriptan [41]

Nanoparticle-based
In-Situ Gel/ In-Situ
Gel

The nasal ubrogepant nanoparticle gel achieved rapid and sustained brain
delivery, improving migraine relief and reducing inflammation more effectively
than oral or plain formulations.

Ubrogepant [4]

The optimized nasal in-situ gel of rizatriptan showed rapid gelation, sustained
release, and significantly improved brain bioavailability, providing faster and
more effective migraine relief than oral formulations

Rizatriptan [42]

KEY CONSIDERATIONS AND

FORMULATION

Design factors and development priorities are as follows:

1. Choice of active and dosage form [43]

STRATEGIES WHEN DEVELOPING A NASAL NOSE-TO-BRAIN MIGRAINE

It’s critical to select a drug with enough potency and chemical stability to be effective in the small volumes allowed by nasal delivery.
Molecules like zavegepant, Ubrogepant, etc. were specifically engineered for this, making them suitable as a nasal administration.
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2. Maximizing absorption and residence time [38][44]

For a drug that needs quick relief, the formulation should enable fast uptake through the nasal mucosa. In contrast, if longer-lasting
exposure is needed, strategies such as in situ gelling systems or mucoadhesive excipients can help the drug stay in contact with the
nasal lining for extended periods.

3. Droplet size and delivery mechanics [6][45]

Precise particle or droplet size matters for targeting the upper nasal cavity, especially the olfactory region, which provides a more
direct pathway to the brain. Formulation design should be paired with delivery devices capable of depositing the drug in the
superior/posterior nasal vault, where nose-to-brain transport is most effective.

4. Minimizing irritation and adverse local effects [10][46]

Side effects like nasal burning, irritation, an unpleasant taste, or nosebleeds may discourage use. This makes careful excipient
selection, preservative design, and patient-friendly sensory properties essential.

5. Stability and manufacturability [3][47]

The drug must remain stable under formulation and storage conditions. For APIs that are unstable in liquid form, dry-powder nasal
formulations may offer a viable alternative. Consider pH adjustments, ionic strength, or stabilizing excipients to enhance shelf life.

6. PK/PD and regulatory expectations [48][49]

If the formulation is meant for rapid systemic relief, demonstrating fast plasma exposure is key. If the therapeutic target is central,
biomarkers or clinical endpoints showing CNS activity should be included. Regulatory agencies also expect robust safety and
tolerability data, especially with repeated dosing and interaction studies (e.g., with common migraine rescue therapies).

7. Clinical endpoints and populations [51][52]

For acute migraine studies, the gold-standard primary outcomes are pain relief or complete pain freedom at 2 hours. Additional
endpoints may include sustained relief, the ability to function normally, and tolerability measures (like absence of taste disturbances).
For preventive indications, endpoints typically focus on reducing Monthly Migraine Days (MMDs).

8. Drug interaction and safety monitoring [52][53]

New migraine molecules, particularly gepants, require thorough evaluation of liver safety, cardiovascular risk, and compatibility
when used alongside preventive treatments or rescue medications. Most gene therapies have shown acceptable safety profiles, but
careful monitoring during trials is key.

CONCLUSION

Nanoparticle-enabled nose-to-brain delivery represents a promising breakthrough in migraine management by enabling rapid relief
with minimal side effects. These advanced systems overcome key barriers such as the blood-brain barrier and first-pass metabolism,
ensuring efficient brain targeting. Polymeric nanoparticles, lipid carriers, and mucoadhesive in-situ gels enhance drug residence
time within the nasal cavity and enable controlled, sustained release. Clinical studies demonstrate superior performance compared
to conventional oral therapies, with onset times of 15-30 minutes and bioavailability reaching up to 80-90%.

The direct nose-to-brain pathway supports precise delivery to migraine-relevant regions while limiting systemic exposure, resulting
in improved therapeutic efficacy and patient compliance. Continued research should focus on optimizing safety profiles,
manufacturing scalability, and regulatory compliance to enable clinical translation. The convergence of nanotechnology and
intranasal delivery holds immense potential to redefine migraine therapy and significantly enhance patient’s quality of life.

ACKNOWLEDGEMENT: We sincerely express our heartfelt gratitude to our guide for their valuable guidance, encouragement,
and continuous support throughout the preparation of this review article. We also extend our sincere thanks to our institution for
providing the necessary facilities and a supportive research environment. Lastly, we are deeply thankful to our families for their
constant motivation, understanding, and encouragement during the completion of this work.

Page | 437



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 12, December 2025 ijppr.humanjournals.com ISSN: 2349-7203

CONFLICT OF INTEREST: No conflict of interest
REFERENCES

1. Dong L, Dong W, Jin Y, Jiang Y, Li Z, Yu D. The Global Burden of Migraine: A 30-Year Trend Review and Future Projections
by Age, Sex, Country, and Region. Pain Ther. 2025 Feb 1;14(1):297-315.

2. Gulati N, Nagaich U, Saraf SA. Intranasal delivery of chitosan nanoparticles for migraine therapy. Sci Pharm. 2013;81(3):843—
54.

3. Tardiolo G, Bramanti P, Mazzon E. Migraine: Experimental models and novel therapeutic approaches. Int J Mol Sci. 2019 Jun
2;20(12).

4. Mohan V, Pethe AM. A Nasal Gel Formulation of Ubrogepant Nanoparticles for Enhanced and Rapid Brain Delivery in the
Treatment of Migraine. J Pharmacol Pharmacother. 2025;

5. Pellesi L, Jedie B, Barhum F, Al-Abdullah S, Martelletti P, Xiao Z. Head-to-head relief: ubrogepant, rimegepant, and zavegepant
in migraine treatment. Vol. 15, Pain Management. Taylor and Francis Ltd.; 2025. p. 279-84.

6. Jha S, Jalwal P. The Pharma Innovation Journal 2020; 9(12): 248-253 Nose to brain drug delivery of nanoformulations in the
treatment of migraine. The Pharma Innovation Journal [Internet]. 2020; Available from: http://www.thepharmajournal.com

7. Sherafudeen SP, Viswanadhan Vasantha P. Development and evaluation of in situ nasal gel formulations of loratadine. Vol. 10,
Research in Pharmaceutical Sciences. 2015.

8. Hanson LR, Frey WH. Intranasal delivery bypasses the blood-brain barrier to target therapeutic agents to the central nervous
system and treat neurodegenerative disease. BMC Neurosci. 2008 Dec 10;9(S3): S5.

9. Djupesland PG, Messina JC, Mahmoud RA. The Nasal Approach to Delivering Treatment for Brain Diseases: An Anatomic,
Physiologic, and Delivery Technology Overview. Ther Deliv. 2014 Jun 4;5(6):709-33.

10. Santosh Thorat. Formulation and Product Development of Nasal Spray: An Overview. Scholars Journal of Applied Medical
Sciences (SJAMS). 2016;4(8):2976-85.

11. Rana P, Kaur G, Chirayimmel AJ, Rajput A, Rath SK, Dwibedi V. Nanocarriers and Nano Drug Delivery Therapy in Neuro
Diseases. In: Nanomaterials for Drug Delivery and Neurological Diseases Management. Singapore: Springer Nature Singapore.;
2024. p. 219-51.

12. Harjot K, A.M. John N, Reeta BSP. Nanoemulsion for Migraine Prophylaxis Nasal Drug Delivery: Preparation, Characterization
and in vitro Evaluation. Pharm Nanotechnol. 2016 Sep 22;4(3):229-41.

13. Trevino JT, Quispe RC, Khan F, Novak V. Non-Invasive Strategies for Nose-to-Brain Drug Delivery. 2021 Jan.

14. Drath I, Richter F, Feja M. Nose-to-brain drug delivery: from bench to bedside. Vol. 14, Translational Neurodegeneration.
BioMed Central Ltd; 2025.

15.Nguyen TTL, Duong VA. Advancements in Nanocarrier Systems for Nose-to-Brain Drug Delivery. Vol. 18, Pharmaceuticals.
Multidisciplinary Digital Publishing Institute (MDPI); 2025.

16. Johnson NJ, Hanson LR, Frey WH. Trigeminal pathways deliver a low molecular weight drug from the nose to the brain and
orofacial structures. Mol Pharm. 2010 Jun 7;7(3):884-93.

17. Huang Q, Chen X, Yu S, Gong G, Shu H. Research progress in brain-targeted nasal drug delivery. Vol. 15, Frontiers in Aging
Neuroscience. Frontiers Media SA; 2023.

18. Seung-Hyun Jeong, Ji-Hun Jang, Yong-Bok Lee. Drug delivery to the brain via the nasal route of administration: exploration of
key targets and major consideration factors. Journal of Pharmaceutical Investigation. 2022 Jul 24;53(1):119-52.

19.Dhuria S V., Hanson LR, Frey WH. Intranasal delivery to the central nervous system: Mechanisms and experimental
considerations. J Pharm Sci. 2010 Apr;99(4):1654—73.

20. Hougaard A, Amin FM, Christensen CE, Younis S, Wolfram F, Cramer SP, et al. Increased brainstem perfusion, but no blood-
brain barrier disruption, during attacks of migraine with aura. Brain. 2017 Jun 1;140(6):1633-42.

21.Edvinsson L, Tfelt-Hansen P. The blood-brain barrier in migraine treatment. Vol. 28, Cephalalgia. 2008. p. 1245-58.
22.Yamanaka G, Suzuki S, Morishita N, Takeshita M, Kanou K, Takamatsu T, et al. Role of neuroinflammation and blood-brain
barrier permutability on migraine. Vol. 22, International Journal of Molecular Sciences. MDPI AG; 2021.

23. Bahadur S, Jha MK. Emerging nanoformulations for drug targeting to brain through intranasal delivery: A comprehensive review.
J Drug Deliv Sci Technol. 2022 Dec; 78:103932.

24. Salve PS, Rakesh Gupta R. Ex-vivo skin permeation studies of sumatriptan succinate using different solvent systems and its
comparison with PLGA nanoparticles. Journal of Drug Delivery and Therapeutics [Internet]. 2019; Available from:
http://jddtonline.info

25.Youssef NAHA, Kassem AA, Farid RM, Ismail FA, EL-Massik MAE, Boraie NA. A novel nasal almotriptan loaded solid lipid
nanoparticles in mucoadhesive in situ gel formulation for brain targeting: Preparation, characterization and in vivo evaluation. Int J
Pharm. 2018 Sep;548(1):609-24.

26.Masjedi M, Azadi A, Heidari R, Mohammadi-Samani S. Nose-to-brain delivery of sumatriptan-loaded nanostructured lipid
carriers: preparation, optimization, characterization and pharmacokinetic evaluation. Journal of Pharmacy and Pharmacology. 2020
Oct 1;72(10):1341-51.

Page | 438



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 12, December 2025 ijppr.humanjournals.com ISSN: 2349-7203

27. Aabid PK, Ashwani M. Formulation and evaluation of nasal insitu gel of sumatriptan succinate for the treatment of migraine.
Journal of Drug Delivery and Therapeutics. 2019 Jul 15;9(4):389-94.

28. Chettupalli AK, Katta S, Fateh MV, Haque MA, Kothapally D, Damarasingu P, et al. Design, optimization, and characterization
of Zolmitriptan loaded liposomal gels for intranasal delivery for acute migraine therapy. Intelligent Pharmacy. 2025 Feb 1;3(1):11—
25.

29. David Lee, Andrew M Shen, Olga B Garbuzenko, Tamara Minko. Liposomal Formulations of Anti-Alzheimer Drugs and siRNA
for Nose-to-Brain Delivery: Design, Safety and Efficacy In Vitro. The AAPS Journal. 2024 Sep 4;26.

30. Arab Iram Saba Gaus Mohammed, Victor Hmingthansanga, Sivakumar Manickam, V. Ravichandiran, Subramanian Natesan.
Potential of Dendrimers as Nanocarriers for Brain Drug Delivery. 1st ed. CRC Press; 2024. 1-20 p.

31. Laffleur F, Bernkop-Schniirch A. Strategies for Improving Mucosal Drug Delivery. Nanomedicine. 2013 Dec 26;8(12):2061—
75.

32.Qian L, Cook MT, Dreiss CA. In Situ Gels for Nasal Delivery: Formulation, Characterization and Applications. Vol. 310,
Macromolecular Materials and Engineering. John Wiley and Sons Inc; 2025.

33.Martin V, Hoekman J, Aurora SK, Shrewsbury SB. Nasal Delivery of Acute Medications for Migraine: The Upper Versus Lower
Nasal Space. J Clin Med. 2021 Jun 2;10(11):2468.

34. Sunena, Mishra D, Singh SK, Kumar Anil. Development and characterization of zolmitriptan thiolated chitosan nanoparticles
for intranasal drug delivery. Pharma Innov. 2016 Jul;5(7 Part A):19-23.

35.Esim O, Savaser A, Ozkan CK, Oztuna A, Goksel BA, Ozler M, et al. Nose to brain delivery of eletriptan hydrobromide
nanoparticles: Preparation, in vitro/in vivo evaluation and effect on trigeminal activation. J Drug Deliv Sci Technol. 2020 Oct 1;59.
36.Singh A, Ubrane R, Prasad P, Ramteke S. Preparation and Characterization of Rizatriptan Benzoate Loaded Solid Lipid
Nanoparticles for Brain Targeting. Mater Today Proc. 2015;2(9):4521-43.

37. Youssef NAHA, Kassem AA, Farid RM, Ismail FA, EL-Massik MAE, Boraie NA. A novel nasal almotriptan loaded solid lipid
nanoparticles in mucoadhesive in situ gel formulation for brain targeting: Preparation, characterization and in vivo evaluation. Int J
Pharm. 2018 Sep;548(1):609-24.

38.R S Bhanushali, M M Gatne, R V Gaikwad, A N Bajaj, M A Morde. Nanoemulsion based Intranasal Delivery of Antimigraine
Drugs for Nose to Brain Targeting. Indian J Pharm Sci. 2009 Dec;71(6):707-9.

39.J. Newton M, Harjot K. Fabrication, Characterization, In vitro Evaluation of Solid Lipid Nanoemulsion of Flunarizine
dihydrochloride for Nasal Delivery. Antiinflamm Antiallergy Agents Med Chem. 2017 Apr 20;15(3):204-20.

40.Ryan R, Elkind A, Baker CC, Mullican W, DeBussey S, Asgharnejad M. Sumatriptan nasal spray for the acute treatment of
migraine. Neurology. 1997 Nov;49(5):1225-30.

41.Ratnesh Jain, Swapna Nabar, Prajakta Dandekar, Vandana Patravale. Micellar Nanocarriers: Potential Nose-to-Brain Delivery
of Zolmitriptan as Novel Migraine Therapy. Pharm Res. 2010 Feb 12; 27:655—64.

42. Suhagiya K, Borkhataria CH, Gohil S, Manek RA, Patel KA, Patel NK, et al. Development of mucoadhesive in-situ nasal gel
formulation for enhanced bioavailability and efficacy of rizatriptan in migraine treatment. Results Chem. 2023 Dec; 6:101010.

43. Dhillon S. Zavegepant: First Approval. Drugs. 2023 Jun 1;83(9):825-31.

44.Singh M, Kumar S, Vinayagam R, Samivel R. Thermosensitive Mucoadhesive Intranasal In Situ Gel of Risperidone for Nose-
to-Brain Targeting: Physiochemical and Pharmacokinetics Study. Pharmaceuticals. 2025 Jun 11;18(6):871.

45.Chiang H, Martin HL, Sicard RM, Frank-Ito DO. Olfactory drug delivery with intranasal sprays after nasal midvault
reconstruction. Int J Pharm. 2023 Sep; 644: 123341.

46. Varshney J, Varshney H, Dutta S, Hazra A. Comparison of sensory attributes and immediate efficacy of intranasal ciclesonide
and fluticasone propionate in allergic rhinitis: A randomized controlled trial. Indian J Pharmacol. 2012;44(5):550.

47.Trenkel M, Scherlie R. Nasal Powder Formulations: In-Vitro Characterisation of the Impact of Powders on Nasal Residence
Time and Sensory Effects. Pharmaceutics. 2021 Mar 13;13(3):385.

48.Ge Y, Xu X, Cao M, Liu B, Wang Y, Liao P, et al. Nasal Drug Delivery and Nose-to-Brain Delivery Technology Development
Status and Trend Analysis: Based on Questionnaire Survey and Patent Analysis. Pharmaceutics. 2024 Jul 11;16(7):929.

49.Ge Y, Xu X, Cao M, Liu B, Wang Y, Liao P, et al. Nasal Drug Delivery and Nose-to-Brain Delivery Technology Development
Status and Trend Analysis: Based on Questionnaire Survey and Patent Analysis. Pharmaceutics. 2024 Jul 11;16(7):929.

50. Silberstein SD, Newman LC, Marmura MJ, Nahas SJ, Farr SJ. Efficacy endpoints in migraine clinical trials: the importance of
assessing freedom from pain. Curr Med Res Opin. 2013 Jul 22;29(7):861-7.

51. Tfelt-Hansen P, Diener HC. Pain freedom after 2 hours should be the primary outcome in controlled trials treating migraine
attacks. Cephalalgia. 2020 Oct 13;40(12):1331-5.

52.Liang Q, Liao X, Wu H, Huang Y, Liang T, Li H. Real-world study of adverse events associated with gepant use in migraine
treatment based on the Vigi Access and U.S. Food and Drug Administration’s adverse event reporting system databases. Front
Pharmacol. 2024 Jul 31;15.

53.Rissardo JP, Caprara ALF. Gepants for Acute and Preventive Migraine Treatment: A Narrative Review. Brain Sci. 2022 Nov
24;12(12):1612.

Page | 439



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 12, December 2025 ijppr.humanjournals.com ISSN: 2349-7203

How to cite this article:
Pranali V Lende et al. Ijppr.Human, 2025; Vol. 31 (12): 430-440.

Conflict of Interest Statement: All authors have nothing else to disclose.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.

Author Name — Pranali V. Lende

Author Affiliation — Student Department of Pharmaceutics

Author Address/Institute Address- Anurag College of Pharmacy
Warthi, Bhandara-441905

Author Name- Vijaya K. Parihar

Author Affiliation- Student Department of Pharmaceutics

Author Address/Institute Address- Anurag College of Pharmacy
Warthi, Bhandara- 441905

Author Name- Kumudini N. Dhurvey

Author  Affiliation- Assistant Professor, Department of
Pharmaceutics

Author Address/Institute Address- Anurag College of Pharmacy
Warthi, Bhandara-441905

Author Name- Sachin W. Lohe

Author Affiliation- Head of Department, Department of
Pharmaceutics

Author Address/Institute Address- Anurag College of Pharmacy
Warthi Bhandara-441905

Page | 440




