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ABTRACT:

Non-invasive techniques called naso pulmonary drug delivery systems (NPDDS) transfer medication into the lungs through the nose. Compared to conventional
oral and injectable techniques, this strategy has a number of benefits, such as focused distribution, quick absorption, and avoidance of first-pass metabolism. For
those who struggle with other types of medication, NPDDS are a useful alternative because they are very simple to give. Usually, nasal sprays, inhalers, or
nebulizers are used to give NPDDS. The drug and the intended location of action determine which particular gadget is utilized. Nasal decongestants, asthma
meds, and hormone replacement and migraine treatments are a few typical examples of pharmaceuticals administered via NPDDS. A key factor in the efficacy of
NPDDS is the nasopulmonary system's anatomy. Drugs enter the nose through its many structures, including the nasal septum, turbinates, and a mucosal lining
that is highly vascularised. The main target for medication absorption into the bloodstream is the lungs, which have a complex network of airways and a vast
absorptive area of up to 100m$”2$. The physicochemical qualities of the drug, the nasal cavity's anatomy and physiology, and the particular delivery method
employed are some of the variables that might affect how well a drug is absorbed through the nasal route. The future of NPDDS is promising, with potential for
advancements such as increased use of nanotechnology, the development of personalized systems, and the ability to deliver complex medications like vaccines

and proteins.
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,Quick Absorption of Drugs ,Targeted Administration of Medicines ,Mucosa of the nose ,The lung's epithelium ,Nasal sprays, inhalers.

INTRODUCTION OF NASOPULMONARY DRUG DELIVERY SYSTEM (NPDDS) OVERVIEW

In the past, the Indian Ayurvedic medical system administered drugs via the nasal passage; this procedure is known as "Nasya." It is currently
acknowledged that intranasal medication administration is a practical and dependable substitute for oral and parenteral methods. Without a doubt, the
intranasal delivery of medications for the For a very long time, topical nasal problems have been utilised extensively for symptomatic relief,
prophylaxis, and therapy.1,2 The pulmonary route has become more significant in recent years because of its special qualities, which include a huge
absorptive area of up to 100m.2 The nasopulmonary medication delivery method has advanced in recent years. seen as a viable strategy for the effective
nasal administration of medications. This thorough analysis seeks to investigate the prospective uses and advantages of this cutting-edge drug delivery
method in the future. Noninvasive techniques for delivering medications through the nose and into the lungs are known as naso-pulmonary drug
delivery systems (NPDDS).Compared to conventional oral and injectable drug administration methods, these systems have a number of benefits, such
as quick absorption due to their high vascularity and vast surface area of the pulmonary and nasal mucosa enable quick drug absorption into the
bloodstream; avoidance of first-pass metabolism since medications given via the NPDDS avoid the liver, preventing first-pass metabolism, which can
lower the bioavailability of some medications; targeted delivery because the NPDDS can be used to deliver medications straight to the lungs, which is
especially advantageous for the treatment of respiratory conditions; NPDDS are a suitable choice for people who are unable or unwilling to take oral or
injectable drugs because they are very simple to administer.3,4 Usually, nebulisers, inhalers, or nasal sprays are used to give NPDDS. The medicine
being delivered and the intended site of action determine the kind of device that is employed. The multiple Commonly prescribed medications that use
NPDDS include nasal decongestants, which are nasal sprays that relieve congestion in the nose brought on by allergies or the common cold, and asthma
medications, which include inhaled corticosteroids, bronchodilators, and leukotriene inhibitors; migraine drugs, such as the nasal spray form of
Sumatriptan, which is a migraine treatment; Nasal sprays can be used to deliver oestrogen and testosterone as part of hormone replacement treatment.5-
6 These days, nasal management systems are used for a variety of purposes, such as treating vitamin B12 deficiency, nocturnal enuresis, bone
weakening, and migraine headaches. An ongoing investigation examines the potential use of nasal distribution in conditions such as insulin-dependent
diabetes, rheumatoid joint inflammation, cancer cell treatment, epilepsy, and antiemetics 8,9

ANATOMY AND PHYSIOLOGY OF NASO PULMANARY SYSTEM

Nose: The nose is the main entrance to the respiratory system and is a complex, multipurpose organ.
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FIG : 1 ANATOMY OF NOSE 53

The external nose :The external nose forms a pyramidal structure in the middle of the face. comprises cartilage material that forms its substandard area

and nasal bones that create its remarkable element. The centre third is specified by the top side cartilages, which support the underlying nasal shutoff.

Increased nasal breathing causes muscle growth, enhancing nasal respiratory tract patency during exercises and other activities.
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FIG : 2 THE EXTERNAL NOSE 54

Vestibule: The vestibule is coated with stratified squamous epithelium that is different from the breathing epithelium that covers the rest of the nasal

tooth cavity because it is the first area to experience the outside atmosphere. Changes to columnar pseudo-stratified The vestibule's epithelium contains

thermoreceptors that are necessary for detecting nasal air flow.
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Nasal Valve and Airflow: The nasal cutoff is situated directly beyond the nasal vestibule and is bounded by the septum, top side cartilage, and the

pyriform aperture's diminished margin. The nasal respiratory tract's patency is influenced by the functional addition of the nasal septal inflate body and
expansile vascular cells.

The nasal septum, which divides the nasal tooth cavity into two sections, improves the mucosal surface.

lateral nose wall

internal nasal valve

external nasal valve

FIG : 4 NASAL VALVE 56

Nasal Septum: The nasal septum improves the mucosal surface by splitting the nasal tooth cavity in half. The nasal septum, which consists of a back
bony component and an anterior cartilaginous portion supporting the nasal pointer, exhibits variations.
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Turbinates: These extend from the lateral nasal wall surface in three or occasionally four scroll-like projections. carefully, a thorough analysis of
potential justifications for improvement in a blog article.
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Histology: Deadly epithelial and submucosal layers make up the nasal cellular lining. The safety barrier is developed by pseudo stratified columnar
epithelium, which includes ciliated and nonciliated columnar cells as well as digestive tract cells. Serum or mucous secretions are produced by
seromucous glands located in the old nasal dental cavities.

Mucociliary Clearance: To eliminate secretions and particles, the nasal tooth cavity relies on mucociliary transport. The essential components of this
clearing system are ciliated epithelial cells and the mucous coating.9-18
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FIG: 7 MUCOCILIARY CLEARANCE 59

Lungs: The main components of the human respiratory system are the lungs. Two lungs are situated close to the heart in mammals and the majority of
other animals.each side of the heart's backbone. In a process known as gas exchange, they work in the respiratory system to draw oxygen from the
surrounding air and transport it into the bloodstream, as well as to expel carbon dioxide from the bloodstream into
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the atmosphere. Their shape is conical, with a broad concave base that rests on the diaphragm's convex surface and a thin, rounded apex at the top. The
lung's apex reaches just above the sternal end of the first rib and extends into the root of the neck. The lungs extend downhill from the bottom portion
of the body to the front of the chest and near the backbone in the rib cage.the diaphragm from the trachea. The cardiac notch of the left lung is an
indentation in its border that allows the left lung to share space with the heart. An indentation created on the surfaces of the lungs where they rest
against the heart is known as the cardiac impression.
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The hilum, a central recession in both lungs, is where the airways and blood arteries enter the lungs at the root of the lung. The hilum also contains
bronchopulmonary lymph nodes.

Lung regions: -The alveolar sac, located deep within the lung, is where the respiratory tract ends after beginning at the nose. There are several methods
for classifying the different sections of the respiratory system.

Right lung: Compared to the left, the right lung has more lobes and segments. It is separated by two fissures, one horizontal and one oblique, into three
lobes: an upper, middle, and lower lobe.

Left lung: The oblique fissure, which runs from the costal to the mediastinal surface of the lung both above and below the hilum, separates the left lung
into an upper and a lower lobe.
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Nasopharyngeal region: Also known as the "upper airways," this area includes the respiratory airways that go from the nose to the larynx.
The tracheo-bronchial region, also known as the "central" or "conducting airways," begins in the larynx and travels through the trachea, bronchi, and
bronchioles before terminating at the terminal bronchioles.

Nasopharynx

Oropharynx

Laryngopharynx

Alveolar region: Also known as the "pulmonary region," "peripheral airways," or "respiratory airways," this area is made up of the alveolar ducts,
alveoli, and respiratory bronchioles.
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The epithelium of the lungs: More than six of the more than 40 distinct cell types that make up the lung line the airways. Pulmonary epithelia's variety
can be demonstrated by looking at its three main levels of structure.
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FIG : 12 THE EPITHELEUM OF LUNGS 64

The Bronchi: The bronchi are primarily lined by goblet and ciliated cells. There are also a few Kulchitsky cells along with some serous, brush, and
Clara cells.

FIG : 13 THE BRONCHI 65
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The Bronchioles: The ciliated cuboidal cells that line the bronchioles constitute the main component. As the airways advance, the frequency of goblet
and serous cells declines while the number of Clara cells rises.

Respiratory zone

FIG: 14 THE BROCHIOLRS 66

Alveolar region: The alveolar region is mucus-free and has a significantly flatter epithelium that is 0.1-0.5 pm thick and of the simple squamous type.
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FIG : 15 ALVEOLAR REGION 67

Ciliated cells: A significant percentage of the epithelial cells in the trachea bronchial region are ciliated, resulting in a nearly total coverage of the
central airways Cilia. The cilia are missing in the alveolar region and less numerous towards the tracheobronchial region's perimeter. Each ciliated cell
contains 200 cilia and many microvilli, which are between 1 and 2 pm long. The cilia are hair-like projections that measure roughly 5 um in length and

0.25 um in diameter.19
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FIG: 16 CILIATED CELL 68
MAJOR FUNCTION OF THE RESPIRATORY

1. Preserving arterial blood haemostasis (acid-base balance)
2. Preserving heat exchange

3. Eliminating carbon dioxide waste from bodily tissues

4. Giving the body oxygen.

ADVANTAGES OF PULMANARY DRUG DELIVERY SYSYTEM

. The pulmonary delivery is needle-free.

. A tiny portion of an oral dose is needed.

. Less systemic side effects are linked to low concentrations in the systemic circulation.
Quick Start of Action

. Preventing gastric distress

. In pulmonary drug administration, the liver does not break down the drug.

. Compared to parenteral medication, it is more convenient for patients, particularly those undergoing long-term therapy.
. Nasal administration is used for medications that have low stability in GIT fluids.
10. Polar substances with little oral absorption might be especially well-suited for this administration method.

© 0N U AW —

DISADVANTAGES PULMONARY DRUG DELIVERY

1. Local side effects are caused by oropharyngeal deposition.
2. The patient can have trouble appropriately utilizing the pulmonary medication devices.
3. The mucus layer's physical barrier may restrict drug absorption.

4. A number of variables, such as the pharmacological and physiological barriers, influence the repeatability of drug administration in the lungs.
5. Drug delivery devices are necessary to target drug delivery, in addition to the lungs being an accessible surface for drug delivery complexes.

. Research to date suggests that the nasal route is a substitute for the parenteral route, particularly for medications containing proteins and peptides.

6. Both the drug and ingredients added to the dosage form include the risk of causing local adverse effects and permanent harm to the cilia on the nasal

mucosa.

7. At high concentrations, several surfactants utilized as chemical enhancers have the potential to destabilize and even dissolve membranes

MECHANISM OF DRUG ABSORBTION IN NASAL DELIVERY SYSTEM
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Out of the several methods that have been put out, two have received the most attention.

In the first, an aqueous transportation method is used, which is sometimes referred to as the paracellular pathway.

This mechanism's main characteristic is that it is a passive, sluggish path.The molecular weight of water-soluble substances and intranasal absorption
have an inverse log-log relationship.

A medication with a molecular weight more than 1000 Daltons showed poor bioavailability.

The second method, referred to as the transcellular process, entails transport via a lipoidal pathway and is in charge of carrying lipophilic medications
whose rate is influenced by their lipophilicity.

For instance, the natural biopolymer chitosan, which comes from shellfish, helps to deliver drugs by creating tight connections between epithelial cells.

DOSAGE FORM OF NASO-PULMONARY DRUG DELIVERY SYSTEM

1. NASAL DROP

They are the most straightforward and practical nasal medication delivery method yet created. Nose drops can be administered by pipette or bottle or by
squeezing. These drug formulations are frequently suggested for the treatment of local disorders, such as experiencing some difficulties including
mucosal malfunction, microbial growth, and non-specific loss of the nose or lower back. Nasal drops might not be helpful for prescription medications
because of this system's main drawback, which is its lack of dosage accuracy. According to reports, nasal drops are more effective than nasal sprays at
depositing human serum albumin in the nostrils.21-25

2. Sprays for the nose

Nasal sprays are made from a solution and suspension. A nasal spray can precisely provide a dosage between 25 and 200 um thanks to the availability
of metered dose pumps and actuators. The morphology

The choice of pump and actuator assembly is determined by the formulation's viscosity and the drug's particle size (for suspensions).20,26,27,28

3. Gels for the nose

There wasn't much interest in this method until the introduction of a precise dosage device. Nasal gels are thickened liquids or suspensions with a high
viscosity. A nasal gel's advantages include lowering post-nasal drip because of its high viscosity and reducing flavor. impact as a result of decreased
swallowing, less anterior formulation leaks, decreased discomfort from the use of calming/emollient excipients, and increased absorption through
mucosal targeting.22,27-30

4. NASAL POWDER

If solution and suspension dosage forms cannot be created, for instance because of poor drug stability, this dosage form may be created. The nasal
powder's benefits dose form is the lack of the formulation's improved stability and preservative. The solubility, particle size, aerodynamic
characteristics, and nasal irritancy of the active ingredient and excipients, however, determine whether the powder formulation is appropriate. Another
benefit of this approach is that the medication may be applied locally.22,28,29,31,32,33.

5. Liposomes
These phospholipid vesicles are made up of a bilayer that encloses one or more aqueous compartments, where drugs can be adsorbed or trapped.

6. Microspheres
Microspheres are crucial for nasal drug administration because they improve absorption, provide prolonged release, and shield the medication from
enzymatic breakdown.34

7. Rhinyle catheterization and instillation

Drops are simply delivered to a designated area of the nasal cavity using catheters. After placing the formulation in the tube and holding it with one end
in the nose, the solution was blown through the other end using the mouth to enter the nasal cavity. The precision of the system and the filling before
administration define the dosage of catheters, which are mostly utilized for experimental research only.35

8.Nebulizers: Nebulizers produce a thin mist of medication suspension or solution that is breathed for an extended amount of time. Usually, individuals
with serious respiratory disorders are treated with them.

or those who are unable to successfully employ MDIs or DPIs 4,36,37

FORMULATION APPORACH IN NASO PULMANORY DRUG DELIVERY SYSTEM

these are the most widely used.
These are mentioned below.
The following

Liposomes

Microspheres

Nasal Gels

Nasal Drops

Nasal Sprays

Nasal Powders

By tackling the particular difficulties involved in delivering medications to both the nasal and pulmonary areas, formulation techniques in
nasopulmonary drug delivery systems seek to maximize therapeutic efficacy and patient compliance. Creating multifunctional formulations that
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effectively target both delivery sites is one strategy. For example, formulations based on nanoparticles can be designed to encapsulate medications and
make it easier for them to pass through nasal mucosal barriers while simultaneously allowing for deposition and absorption in the lungs during
inhalation.38-41

Formulation Application Marketed example

1 nasal gels prolonged drug release and Residence time | mucinex sinus-
in nasal Cavity max full force

nasal gel

2 nasal drop simple and convient adminis otrivin nasal drop
-tration for small volume

3 nasal spray widely used for various drug flonase nasal spray
Due to ease of administration

Table no. 1 : The many formulation techniques used in naso-pulmonary drug delivery systems, along with an example, drawbacks, and solutions 40

Theories of the Nasopulmonary Drug Delivery System

"Nasopulmonary drug delivery" refers to the act of administering drugs through the nose canal to the lungs and upper respiratory tract. This approach
has several advantages, like as avoidance of first-pass metabolism, rapid onset of action, and non-invasive administration. There are five ideas about the
mechanism of pulmonary drug administration. The following five theories are taken into account for the medicine distribution via the pulmonary drug
delivery route: Electronics theory

Wetting Theory

Diffusion Theory
Adsorption Theory
Fracture Theory

Numerous ideas that maximize drug delivery, absorption, and efficacy in the nasal and pulmonary regions form the foundation of nasopulmonary drug
delivery systems. One theory is mucociliary clearance, which regulates how mucus and other particles move through the respiratory epithelium. well-
known hypothesis. In order to achieve optimal drug deposition and retention, pulmonary drug delivery systems must account for the lungs' clearance
processes. However, nasal drug delivery systems must overcome these clearance mechanisms to guarantee adequate drug retention and absorption in
the nasal cavity.Regarding the connection between particle size and aerodynamic performance, another hypothesis emphasizes the importance of
optimizing particle size distribution and aerodynamic

characteristics to facilitate efficient drug administration to the pulmonary and nasal areas 23,42,43,44
Current pulmonary medication delivery formulations

Aerosolized insulin and aerosolized nicotine for quitting smoking
Alpha 1 Antitrypsin

Angina Aerosols

Aerosolized gene therapy

In cancer chromatography

Pentamicine aerosol

Gentamycin aerosol

Ribavirin aerosol

Lower molecular weight heparin pulmonary delivery
Controlled medication delivery to the lungs

Drugs for bone diseases pulmonary delivery 45,46

How to Pick a Possible API to Deliver It via Nasal Delivery

The following characteristics are necessary for a "optimal" pharmaceutical prospect for nasal shipment:

a) Sufficient aqueous solubility to aid in controlling the desired dose within a range of 25 to 150 ml per nostril in the solution.

b) The best nasal absorption qualities for homes or businesses to provide dependable absorption and restorative efficacy.

¢) The medication-induced nasal irritation is absent, ensuring patient convenience during treatment.

d) A professional basis that is warranted for nasal dosage types, such as a rapid onset of action, which increases the therapy's effectiveness.
e) Lower dose requirements, often indicated below 25 mg per administration, increase security and lower the risk of adverse effects.

f) Preventing the production of toxic nasal metabolites, ensuring the nasal approaching the transportation of medications.

g) The absence of offensive fragrances or odors associated with the drug, promoting a positive patient experience.

h) Displaying the proper security features to maintain the medication's integrity and efficacy throughout time, as well as management.47



International Journal of Research Publication and Reviews, Vol (6), Issue (12), December (2025), Page — 2438-2451 2448

The evolution of nasopulmonary medication delivery system

Various evaluations were conducted for the dosage types of naso-pulmonary medications. To evaluate naso-pulmonary medication delivery systems, a
thorough process is used to ascertain their efficacy, safety, and clinical application. The physicochemical properties of the formulation are first analyzed
to ensure optimal drug aerosolization and deposition inside the respiratory system. Cascade impaction is one technique used to analyze particle size

distribution and aerodynamic behavior, which are crucial elements in evaluating lung penetration and deposition efficiency.

Parameters

1 fine particle fraction

2 emitted dose

3 delivered dose

4 drug content uniformly

5 In vitro in vivo corelation 48-50

Factors affecting nasal drug absorption

A number of factors impact the overall bioavailability of drugs that are provided via the nasal route. The elements might be impactful on the medicine's
physiochemical qualities, the cavum's physiological and anatomical characteristics, and, consequently, the kind and features of the selected nasal
medication administration system. Many medications depend on these parameters to reach therapeutically effective blood levels after nasal delivery.
The following represents the elements that affect medication absorption through the nose.

1. The medication's physiochemical characteristics;
Molecular size

lipophilic-hydrophilic equilibrium

enzymatic breakdown in cavum.

2. The nasal outcome,
mucociliary clearance
environmental ph
membrane porosity
Rhinitis and a cold.

3. Outcome of delivery:
Formulation (osmolality, pH, and concentration) Drug dispersion deposition consequences of delivery
Viscosity 51

FUTURE VIEWS AND DIFFICULTIES

NDDS is a promising drug delivery technology with several potential applications. NDDS has a promisinanng future, and significant developments in
this field should be anticipated in the years to come. The subsequent are some significant themes that may have an impact on the future development of
NDDS:

1 Increased use of nanotechnology Among other advantages for NDDS, omaterials can improve medication solubility, permeability, and targeting. We
should expect to see more nanomaterials being utilized in the development of new NDDS systems in the future.

2 Development of specialized NDDS systems

It is possible to create NDDS systems that are specifically tailored to each patient's needs. This may be achieved by taking into account factors
including the patient's age, sex, and condition. Prospective advancements of The market should be able to customize NDDS systems more.

3 Complex medication administration using NDDS systems

Complex medications that are difficult to distribute through traditional channels, such proteins and vaccinations, can be delivered using NDDS devices.
We should expect to employ NDDS in the future to deliver an ever-increasing range of sophisticated drugs. These are only a few of the numerous
opportunities for the nasal medication delivery method going forward.52

FINAL RESULTS

The mucosa of the nasal cavity is highly vascularized and has a vast surface area. Substances used by wealthy people network of blood arteries
bypasses the firstpass metabolism by entering the systemic circulation directly. An increasing amount of data about nasal drug delivery points to its
potential application for difficult medications that can ease the difficulties associated with pharmaceutical production and delivery.
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