
Evaluation of Intranasal delivery route 
of drug administration for brain 
targeting

By: Franciska Erdo et al.

Presented By: Jackeline Garrido
PHS 510: Advanced Pharmaceutics
MS Pharmaceutical Science and Business
York College, The City University of New York
 



Introduction 

● Nasal Pathways are a non-invasive administration route of active 
pharmaceutical ingredients.

● The nasal cavity provides a direct entrance to the brain and results in 
beneficial pharmacokinetic/pharmacodynamics (PK/PD) profile for CNS 
acting drugs.

● This route of administration bypasses the main physiological barriers: 
blood-brain barrier (BBB) and blood-cerebrospinal fluid barrier (B-CSF-B).

● At the nasal cavity the molecular diffusion bypass these barriers and the drugs 
are oriented directly toward the brain.



Introduction (Cont.d)

● Active pharmaceutical ingredients absorbed in the nasal mucosa can not only 
have local and/or systemic effect, but they can also be used to target the brain 
directly.

● The nasal route of drug administration has several advantages over oral or 
intravenous administration. 

● This article gives an overview of the nose-to-brain route, focusing on the 
anatomy of nasal cavity and the cellular and molecular mechanisms playing an 
important role in the nasal drug administration and drug penetration to the 
brain. 



Anatomy and Cellular structure of the nasal cavity

https://www.ncbi.nlm.nih.gov/books/NBK544232/#:~:text=This%20cavity%20is%20divided
%20into,respiratory%20region%2C%20and%20olfactory%20region.



Models for testing direct nose-to brain delivery

● In vivo models models
○ For efficiently studying the nasal delivery systems, adequate in vivo 

models are essential
○ Selection of appropriate animal model is important for in vivo nasal 

absorption studies.
○ Mouse, rabbit, dog, sheep and monkey models were used as well. 
○ Different animals are used for different studies.
○ Results of studies obtained from animal models do not always correlate 

well with those of humans.
○ The olfactory region of monkeys is similar to that of humans and lies in 

the upper part of the nasal cavity







Models for testing direct nose-to brain delivery

● In vitro models
○ RPMI 2650 a cell culture model of the nasal barrier 
○ RPMI 2650 is derived from the human nasal epithelial tissue, a human 

nasal squamous cell carcinoma
○ It is commonly used for nasal metabolism studies and also for toxicity 

assays.
○ The serially passaged RPMI 2650 cells form confluent cell monolayer 

under controlled conditions. 
○ There are two types of culture conditions of these passaged monolayers.



Models for testing direct nose-to brain delivery

● In vitro models
○ These passaged monolayers can be cultured under two different types of 

conditions: liquid-covered culture (LCC) and the air-liquid interface 
(ALI) 

○ The preclinical assessment and comparison of solid formulations for 
intranasal drug delivery use RPMI 2650 cells in ALI culture as a first 
screening technique for cytotoxicity and permeability.



Models for testing direct nose-to brain delivery

● In vitro models
○ CaCO-2 cell line
○ The CaCo-2 cell line, which has been utilized for three decades and can 

be used to assess the formulations' nasal absorption.
○ Caco-2 cell culture is the most suitable model to assess the drug 

absorption and permeability through the intestinal epithelia.



Models for testing direct nose-to brain delivery

● In vitro models
○ Ex vivo models 
○ Determination of toxic effects of excipients and transmucosal transport 

of drugs are usually performed ex vivo using nasal mucosa from 
experimental or slaughtered animals.

○ Frequently utilized ex vivo excised animal tissue models are obtained 
from rats, rabbits, dogs, sheep, monkeys, but from humans as well.

○ Studies with excised tissues are useful to obtain information on 
permeation, metabolism, efflux, and toxicity



Models for testing direct nose-to brain delivery

● In vitro models
○ Ex vivo models 
○ most important limitation factor is the thickness of nasal epithelial 

tissues of animal species and the lack of interstitial flow rate underneath 
the mucosa

○ Factors that affect the extent and rate of drug absorption are metabolic 
stability, permeation mechanisms, and formulation of the drug.

○ The well-known ex vivo nasal perfusion model for drug permeability is 
the Ussing chamber. 

○  It is possible to quantify passive diffusion, active transport, efflux 
transport as well as identify and characterize (compound)-specific 
carrier-mediated routes of transport.



Intranasal application of different drugs for CNS 
indications
● Preclinical data 

○ Several CNS drugs barely pass through the BBB and even if they can 
penetrate into the brain efficiently, they cause adverse effects in the 
periphery

○ Many intranasal medications are still in preclinical phase of 
development. Some of these studies are targeting memory and learning, 
that show potential treatment for neurodegenerative disorders like AD, 
PD, epilepsy and other neurotoxic events like oxidative stress and 
ischemia and other diseases as it can be seen



Intranasal application of different drugs for CNS 
indications
● Preclinical data 

○ Learning and memory, neurodegenerative diseases
○ Eating regulation, obesity
○ Autoinflammatory diseases
○ Antibodies
○ Gene vectors tumors and stem cell therapies 





Intranasal application of different drugs for CNS 
indications
● Clinical data 



Penetration enhancer techniques at nasal drug 
delivery route
● Formulations 

○ Solutions 
○ Mucoadhesive agents
○ Nanoparticles ( nanosuspensions, nanoformulations)
○ Lipid based systems ( microemulsions, lipid based nanoparticles)
○ Co-administration with vasoconstrictors for improved delivery 
○ Permeability enhancers 

● Devices to help nasal delivery
● Transporter interactions 



Advantages and limitations of intranasal drug 
administration 



Conclusion 

● There are many factors to consider for intranasal or intra olfactory 
administration

● It is a growing area of research. 
● The olfactory route, trigeminal route and vomeronasal route might be able to 

provide access to certain regions of the brain. 
● There is still need for optimization of these routes.
● Full understanding of dosing and safety is also still needed.
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