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ABSTRACT

The delivery of drugs to the lungs is now an
essential aspect of both local and systemic drug
delivery. To this end, numerous techniques and
drug delivery devices have been developed in
recent years to facilitate this process. The current
primary approaches to drug targeting involve
directly applying drugs into the lungs via inhalation
therapy, utilizing pressurized metered dose inhalers
(pMDI) or dry powder inhalers (DPI). Intratracheal
administration is frequently the first step in lung
drug delivery in vivo. Effective drug carriers are
necessary to convey an appropriate drug dosage to
the lungs, and these can include solid, liquid, or
gaseous excipients. Pharmaceutical carriers such as
liposomes, nano and microparticles, cyclodextrins,
microemulsions, micelles, suspensions, or solutions
have all demonstrated success in targeting drugs to
the lungs. The use of micro-reservoir type systems
provides significant benefits, including high
loading capacity and the ability to control the size
and permeability of the carrier system, allowing for
regulation of drug release kinetics. These systems
enable the use of a relatively small number of
vector molecules to deliver significant amounts of
the drug to the target site. This review explores the
approaches and devices necessary for administering
drugs into the lungs.

KEYWORDS :-

Targeting drug delivery, drug delivery devices,
pressurized metered dose inhalers, Liposomes,
microparticle

L. INTRODUCTION :-

The success of a treatment greatly depends
on the delivery techniques and optimal drug
concentration, as doses above or below the
recommended range can be toxic or ineffective.
The limited progress in treating severe diseases has
highlighted the need for a multidisciplinary
approach to deliver therapeutic agents to targeted
tissues. Improved drug efficacy and treatment can
be achieved through innovative strategies that
control  pharmacokinetics, pharmacodynamics,
immunogenicity, and biorecognition.  These

interdisciplinary approaches, including polymer
science, pharmaceutical technology, bioconjugate
chemistry, and molecular biology, are known as
advanced drug delivery systems. Existing and
developing drug delivery/targeting systems can be
effectively utilized to minimize drug degradation
and loss, prevent harmful side effects, and increase
drug bioavailability. Nanotechnology has been
widely recognized for over two decades for its
potential to enhance drug delivery and targeting,
while new advancements in drug delivery strategies
are reducing toxicities and improving treatment
efficacy.

Drugs are commonly delivered to the
respiratory tract to treat airway diseases like
bronchial asthma and cystic fibrosis. This method
can result in a rapid onset of activity, making it
highly desirable for delivering bronchodilator
drugs. Additionally, delivering smaller doses
locally reduces the potential for adverse systemic
effects and drug costs. The pulmonary route is also
useful when a drug is poorly absorbed orally, or
when it is rapidly metabolized orally. The
avoidance of first-pass metabolism in the liver may
also be advantageous, although the lung itself has
some metabolic capability. The lung's large surface
area, abundance of capillaries, and thin air-blood
barrier also make it a potential route for delivering
drugs with systemic activity, such as proteins and
peptides like insulin and growth hormone.

ANATOMY AND PHYSIOLOGY OF
RESPIRATORY TRACT :-

The respiratory system plays a vital role in
delivering oxygen to the body's cells and removing
carbon dioxide. Oxygen and carbon dioxide are
exchanged between the air, blood, and body tissues
through respiration. The upper respiratory tract
includes the nose, nasal cavity, and pharynx, while
the lower respiratory tract consists of the larynx,
trachea, bronchi, and lungs. The trachea divides
into bronchi, which branch into smaller bronchioles
within the lungs, ultimately leading to the alveoli.
The alveoli are responsible for gaseous exchange,
making them the functional units of the lungs.
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The trachea is a continuation of the larynx
and serves as a passageway for air from the larynx
to the bronchi and then into the lungs. It begins at
the edge of the larynx and divides into two bronchi
that continue into each lung. The bronchi divide
into smaller bronchioles, which branch in the lungs
to form passageways for air. The terminal parts of
the bronchioles are the alveoli, which are the
functional units of the lungs where gaseous
exchange takes place. The trachea is approximately
10-11cm long and located mainly in the median
plane in front of the oesophagus, extending
downward to about the level of the 5th thoracic
vertebra.

The bronchi are lined with ciliated
columnar epithelium and are composed of the same
tissue as the trachea. As the bronchi subdivide into
smaller airways, the cartilages become irregular in
shape and are absent at the bronchiolar level. The
smaller airways include bronchioles, terminal
bronchioles, alveolar ducts, and finally, alveoli.
Each lung contains approximately 300 million
alveoli, which have a large surface area (~100 m2)
for efficient gas exchange. The blood barrier
between the alveolar space and the pulmonary
capillaries is very thin to facilitate rapid gas
exchanges.

BRONCHIAL BLOOD CIRCULATION :-

The bronchi and smaller air passages are
supplied with blood by branches of the right and
left bronchial arteries, while venous return occurs
mainly through the bronchial veins. On the right
side, the bronchial veins empty into the azygos vein
and on the left side into the superior intercostal
vein. Although the lungs receive the entire cardiac
output, only the alveolar region and respiratory
bronchioles are supplied by the pulmonary
circulation. Blood flow to the larger airways, from
the trachea to the terminal bronchioles, is through
the systemic circulation, and these airways receive
only about 1% of the cardiac output. The role of
bronchial circulation in delivering drugs to distal or
nonventilated areas of the lungs is unclear. The
bronchial blood flow may increase up to 30% of
cardiac output in conditions such as bronchiectasis.
However, the influence of bronchial circulation on
the efficacy of inhaled drugs or their distribution in
the lung has not been studied in humans yet.

ADVANTAGES OF DRUG DELIEVERY VIA

PULMONARY ROUTE :

Pulmonary delivery is a growing field that
includes inhalable drugs for respiratory and
systemic therapies. Compared to injectables,
transdermal, or oral methods, inhalable have
advantages such as fast onset of action, targeted
delivery, and convenience.

e Non-invasive drug delivery method for
molecules like peptides and proteins that can
currently only be injected.

o Effective targeting of drugs to the lungs for
respiratory  diseases such as asthma,
emphysema, bronchiectasis, and chronic
bronchitis.

e Rapid onset of action similar to intravenous
administration and faster than oral or
subcutaneous injection.

e Avoidance of gastrointestinal tract issues such
as poor solubility, low bioavailability, and
dosing variability.

e Potential reduction of drug dosage, e.g., a4 mg
tablet of salbutamol equals 40 doses of
metered-dose inhaler.

The respiratory system can be affected by
various diseases, including those caused by genetic
factors, infections, and air pollutants. Some
common respiratory disorders are asthma, chronic
obstructive pulmonary disease (COPD), cystic
fibrosis  (CF), lung cancer, pneumonia,
bronchiolitis, common cold, cough, pulmonary
hypertension, and respiratory diseases .

MECHANISM  OF
PARTICLES:

The size distribution of aerosol particles
can be modified through various techniques, such
as using different types of aerosol generators or
controlling environmental factors like temperature
and humidity. The size of the aerosol particles
plays a critical role in determining where in the
respiratory tract they deposit, as well as their
overall effectiveness in delivering drugs to the
lungs. Fine particles have been found to have
greater efficiency in delivering drugs to the lungs
compared to larger particles, which tend to deposit
in the upper airways.

Particles intended to be administered by
pulmonary route are generally categorized based on
size:

- Coarse particles are larger than 2 microns in
diameter

DEPOSITION OF
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- Fine particles are between 0.1 and 2 microns in
diameter

- Ultrafine particles are less than 0.1 micron Most
aerosol particles are poly disperse.

ADVANTAGES OF DRUG DELIEVERY VIA
PULMONARY ROUTE

The category of drugs known as
"inhalables" is a growing area in pulmonary
delivery. These drugs are administered through
inhalation and provide several advantages
compared to other delivery methods, such as
injectables, transdermal or oral methods.

One of the benefits of inhalables is that
they offer a non-invasive way to deliver drugs into
the bloodstream, particularly for molecules that can
only be delivered through injection. This includes
peptides and proteins, such as insulin for diabetes
or interferon beta for multiple sclerosis, as well as
many drugs developed by biotechnology
companies in recent years.

In addition, inhalables allow for effective
targeting of drugs to the lungs, which is particularly

rapid onset of action, similar to the intravenous
route, and quicker than can be achieved with either
oral delivery or subcutaneous injections.

By inhaling drugs, patients can avoid
problems associated with gastrointestinal tract
issues, such as poor solubility, low bioavailability,
gut irritability, unwanted metabolites, food effects,
and dosing variability. Finally, inhalables can
reduce the dosage needed for effective treatment, as
the drug content of one 4 mg tablet of salbutamol is
equivalent to 40 doses of metered doses.

Principal Mechanism Of Respiratory Deposition
The process of depositing inhaled particles
into the various regions of the respiratory system is
a complex one that is influenced by a multitude of
factors. Some of the factors that can affect
respiratory deposition include
Respiratory deposition is influenced by a variety of
factors such as breathing rate, mouth or nose
breathing, lung volume, respiration volume, and the
health of the individual. In addition, the constantly

useful for treating common respiratory tract changing hydrodynamic flow field caused by
diseases like asthma, emphysema, bronchiectasis bifurcations in the airways can also impact
and chronic bronchitis. Inhalables also have a very respiratory deposition
1. inertial impaction 2. Sedimentation 3. Diffusion
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Fig-Principle of particle deposition
The deposition of particles in the Impaction-
respiratory system can occur via different As airflow changes occur due to

mechanisms depending on the particle size, airflow,
and location in the respiratory system. These
principal mechanisms include

bifurcations in the airways, particles suspended in
the airflow tend to continue along their original
path due to inertia and may collide with an airway
surface. The extent of this mechanism depends
heavily on the aerodynamic diameter of the
particles, as the stopping distance for very small
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particles is quite low. Larger particles in close
proximity to airway walls near the initial airway
bifurcations tend to undergo impaction.
Consequently, the highest level of deposition by
impaction takes place in the bronchial region. On a
mass basis, impaction is responsible for the
majority of particle deposition.

Sedimentation-

Sedimentation is the settling out of
particles in the smaller airways of the bronchioles
and alveoli, where the air flow is low and airway
dimensions are small. The rate of sedimentation is
dependent on the terminal settling velocity of the
particles, so sedimentation plays a greater role in
the deposition of particles with larger aerodynamic
diameters. Hygroscopic particles may grow in size
as they pass through the warm, humid air passages,
thus increasing the probability of deposition by
sedimentation

Interception-

Interception is another mechanism of
particle deposition that occurs when a particle
comes into contact with an airway surface as a
result of its physical size or shape. In contrast to
impaction, particles that undergo interception do
not deviate from their air streamlines. Interception
is more likely to occur in smaller airways or when
the air streamline is in close proximity to an airway
wall. The most significant deposition by
interception takes place with fibers, which have a
greater tendency to come into contact with airway
surfaces due to their length. Additionally, fibers
have relatively small aerodynamic diameters in
relation to their size, which allows them to
penetrate into the smallest airways.

Diffusion-

Diffusion is a significant mechanism of
deposition  for particles with aerodynamic
diameters less than 0.5 microns, and its efficiency
is influenced primarily by the geometric size of
particles, rather than their aerodynamic size.
Diffusion is the net movement of particles from a
region of higher concentration to a region of lower
concentration, driven by Brownian motion.
Brownian motion is the random, erratic motion of a
particle as a result of the constant impact of air
molecules. Diffusional deposition is more prevalent
when particles have just entered the nasopharynx,
and is also likely to occur in the smaller airways of
the pulmonary (alveolar) region, where air flow is
low.

Absorption -

The pulmonary membrane naturally
allows for the permeation of small molecule drugs
as well as many therapeutic peptides and proteins.
Inhaled drugs face a significant barrier in the form
of the lung epithelium, which is thick (50-60 pm)
in the trachea but thins to an extremely thin 0.2 pm
in the alveoli. The transition from trachea, bronchi,
and bronchioles to alveoli involves a significant
change in cell types and morphology. The lungs are
more permeable to macromolecules than any other
entry point into the body. Peptides and proteins are
among the most promising therapeutic agents, as
they can be inhaled instead of injected, leading to
better compliance. Modified peptides that inhibit
peptidase enzymes have shown high bioavailability
when administered through the pulmonary route.
Small molecules can also exhibit prolonged
absorption if they possess high solubility or are
highly cationic.

While rapid absorption of molecules can
be beneficial in many medical applications, there
are scenarios where it may be preferable to slow
the absorption of an inhaled small molecule. This
could be done to extend its local activity within the
lungs or to regulate its absorption into the body.
Inhaling very insoluble molecules that dissolve
slowly can result in their retention in the lungs for
prolonged periods, ranging from hours to even
days. Slow dissolution rates from relatively
insoluble, lipophilic particles contribute to the
extended absorption period of compounds like
Fluticasone propionate, amphothericin B, and all-
trans retinoic acid from the lungs. One can also use
slow-release particles such as nanoparticles and
liposomes to regulate the rate of absorption.

APPROACHES IN PULMONARY DRUG
DELIVERY :-

Targeted drug delivery to the lungs is one
of the most extensively researched approaches for
local or systemic drug delivery. Drug delivery
systems (DDS) are increasingly used for the
treatment of pulmonary diseases due to their
potential for localized therapy within the lungs.
This approach enables drugs to be deposited in
specific disease sites at higher concentrations,
thereby reducing the overall drug quantity given to
patients (approximately 10-20% of the oral dose)
while increasing local drug activity and minimizing
systemic side effects and first-pass metabolism. To
fully exploit the advantages presented by the lungs
and address some of the encountered challenges,
researchers have focused on particulate DDS for
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pulmonary administration. These systems can be
broadly classified into immediate release (e.g.,
lactose-drug mixtures for dry powder inhaler (DPI)
application) and controlled-release systems (such
as liposomes, micelles, nano- and microparticles
based on polymers)

The field of biotechnology has vyielded
numerous therapeutic proteins, also referred to as
biomolecules, macromolecules, biotherapeutics, or
biologicals. Many of these compounds are
administered through injection or intravenous
methods to prevent degradation in the
gastrointestinal tract. However, patients often avoid
these routes due to their pain, inconvenience, and
high cost. Pulmonary delivery provides a patient-
friendly and non-invasive alternative to injections,
offering a more efficient and effective way to
deliver drugs while also improving patient
compliance.

The use of particulate drug carriers, such
as liposomes, microparticles, and nanoparticles, can
improve the therapeutic index of established or new
drugs by modifying drug absorption, reducing
metabolism, prolonging biological half-life, or
reducing toxicity. With such carriers, drug
distribution is primarily controlled by carrier
properties and no longer only by the physico-
chemical characteristics of the drug substance. The
careful design of drug delivery systems (DDS)
based on a thorough understanding of clinical
process, and device are key to successful drug
delivery using advanced DDS such as liposomes
and microparticles.requirements for the disease,
lung physiology, selection of carrier materials,
production

Microparticles —

The term "microparticle,” referring to
particles with sizes ranging from 1 to 999 um,
encompasses microspheres and microcapsules, both
of which are uniform spheres made of a polymeric
matrix. Biodegradable microspheres, made from
natural or synthetic polymers, have been widely
used as drug targeting systems through different
administration routes. Hydrophilic and lipophilic
molecules can be encapsulated or incorporated into
microspheres. Compared to liposomes,
microspheres exhibit more stable physicochemical
behavior in vitro and in vivo and can lead to slower
release and longer pharmacological activity of the
encapsulated drugs. Biodegradable microspheres
can be made from various polymers, including
albumin, chitosan, polysaccharide, poly(lactic-co-
glycolic) acid, poly(lactic) acid,

poly(butylcyanoacrylate), and poly(lactic-co-lysine
graft lysine).

Sustained release microparticles:

Currently, sustained release formulations
for pulmonary delivery have not yet been marketed
despite the increasing interest in this research field.
However, the control of drug delivery in the
respiratory tract can be achieved by using suitable
carriers that have appropriate drug release
characteristics. Liposomes have been extensively
studied as carriers for sustained release, as they can
provide sustained release of incorporated active
substances. However, liposomes have some
disadvantages, including high production costs and
relative instability during storage and nebulization,
which can lead to disruption and loss of entrapped
substances. Polymeric microspheres have also been
successfully tested as sustained release drug
delivery systems, but their safety is still uncertain.

Nanoparticles-

Nanoparticles have similar characteristics
to microspheres, as they are made up of polymers
or lipids and can either bind drugs at their surface
or encapsulate them. In the latter case, a controlled
release can protect the drug against enzymatic
degradation and modify its bioavailability. These
drug delivery systems can be designed for in vivo
applications, including molecules with therapeutic
activities and radiocontrast agents, or in vitro as a
support for molecules intended for diagnosis.
Different authors have reviewed the manufacturing
and encapsulation methods for drugs and the
feasibility of modifying the surfaces of these
carriers. Targeting studies of these drug delivery
systems via the pulmonary route have mainly been
conducted by encapsulating insulin.

Sustained release Nanoparticles

A potential advantage of delivering
antibiotics through inhalation is the ability to
directly target infected Ilung tissue while
maintaining lower systemic drug concentrations
and toxicity. Preliminary studies in rats have shown
that pulmonary delivery of para-amino salicylic
acid (PAS) can result in minimal inhibitory drug
concentrations (MIC) in lung tissue with lower
systemic tissue drug concentrations. Polymeric and
lipid nanoparticles are promising delivery systems
due to their large size and low density, which
allows them to deposit in the alveolar region and
avoid elimination from the lungs. The porous shell
surface of these nanoparticles also allows for slow,
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sustained release of TB drugs, potentially resulting
in a less frequent and less intense drug treatment
regimen.

Micelles-

A successful drug delivery system should
demonstrate optimal drug loading and release
properties, long shelf-life, and low toxicity.
Colloidal systems like micellar solutions, vesicle
and liquid crystal dispersions, as well as
nanoparticles consisting of small particles of 10-
400 nm diameter, have shown promise as carriers
in pulmonary drug delivery systems. Drugs can be
trapped in the core of a micelle and transported at
concentrations even greater than their intrinsic
water solubility. A hydrophilic shell can form
around the micelle, effectively protecting the
contents. Additionally, the outer chemistry of the
shell may prevent recognition by the
reticuloendothelsial system and early elimination
from the bloodstream. A further advantage of
micelles is that their size and shape can be
modified, and chemical techniques using cross-
linking molecules can improve their stability and
temporal control. Micelles can also be chemically
altered to selectively target a wide range of disease
sites

Liposomes:-

The use of liposomal drug formulations
for aerosol delivery has several advantages,
including sustained release to maintain therapeutic
drug levels, improved intra-cellular delivery, and
aqueous  compatibility.  Additionally,  drug-
liposomes may reduce local irritation and toxicity
both locally and systemically. Many drug-
liposomal formulations have shown increased
potency with reduced toxicity. Studies have shown
that liposomal aerosols, including CsA, are non-
toxic in acute human and animal studies. Therefore,
drug-liposome aerosols may be more effective for
delivering, depositing, and retaining water-
insoluble, hydrophobic, and lipophilic compounds
in contrast to water-soluble compounds

The use of liposomal formulations for
aerosol delivery with jet nebulizers has increased
the potential for effective utilization of aerosol-
based therapies in treating pulmonary diseases. The
sustained release or depot effect of liposomes has
been studied using tracer molecules to monitor the
absorption and clearance of liposomes from the
lungs. Liposomal formulations compatible with
aerosol delivery through jet nebulizers offer
potential advantages for clinical development,

including aqueous compatibility, facilitated
intracellular  delivery, particularly to alveolar
macrophages and lymphocytes, and sustained
pulmonary release to maintain therapeutic drug
levels within the lungs.

Microemulsions-

The use of emulsions and microemulsions
as drug delivery systems for pulmonary treatments
has numerous advantages, provided that non-toxic
surfactants are used. Some surfactants used for the
treatment and prevention of acute respiratory
distress syndrome (ARDS) can also act as drug
targeting systems. However, these surfactants
should not interfere with the therapeutic
acNumerous aerosol formulations have been
developed that use a propellant as the external
phase. Propellants such as hydrofluoroalkanes
(HFASs) and propane have been suggested for this
purpose. Some formulations use reverse
microemulsions stabilized by lecithin, with propane
and dimethylether as  propellants.  These
microemulsions have mean geometric diameters
ranging from 1 to 5 um, and a respirable fraction of
up to 36%. They remain stable for more than four
weeks at room temperature. Other formulations use
water-in-HFA emulsions stabilized by non-ionic
fluorinated surfactants, which have been studied for
pulmonary drug delivery. Recently, new reverse
miniemulsions and microemulsions based on
fluorinated surfactants have been developed for
pulmonary drug delivery of the drug. Although few
emulsions or microemulsions have been studied for
pulmonary drug delivery, they offer several
advantages over other drug targeting systems. They
are easy to manufacture and allow for maximum
drug incorporation, with close to 100%
encapsulation due to the drug being soluble in one
phase. Reverse emulsions and microemulsions, in
particular, are promising for solubilizing large
amounts of hydrophilic drugs due to their
physicochemical characteristics.

A variety of aerosol formulations have
been developed with an external phase consisting
of a propellant, such as hydrofluoroalkanes (HFAS)
or propane. Reverse microemulsions stabilized by
lecithin and using propane and dimethylether as
propellants have also been reported. These
microemulsions have a mean geometric diameter
ranging between 1 and 5 pm and a respirable
fraction of up to 36%. They have shown high
stability for more than four weeks at room
temperature. In addition, water-in-HFA emulsions
stabilized by non-ionic fluorinated surfactants have
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been studied for drug delivery via the pulmonary
route. New reverse  miniemulsions  and
microemulsions based on fluorinated surfactants
have also been investigated for pulmonary drug
delivery. It is important to note that the propellants
and surfactants used in these formulations should
not be toxic and should not interfere with the
therapeutic activity of the drugs

Cyclodextrins

Cyclodextrins (CDs) are oligosaccharides
composed of six, seven, or eight units of
glucopyranose, known as a-, B-, and y-CDs,
respectively. When a drug is completely or partially
included into the cavity of CDs, it can form non-
covalent bonds with CDs, making the drug more
soluble in an aqueous medium. B-CD is widely
used in pharmaceutical development due to the size
of its cavity, high complexation efficiency with
drugs, and relatively low production costs. CDs
have been investigated for their potential to
encapsulate drugs and target them to the lungs.
Testosterone, salbutamol, and rolipram have been
complexed with CDs. Additionally, CDs can be
used in combination with other drug delivery
systems

PULMONARY DELIVERY DEVICES

The use of the lungs as a route for drug
administration has been known for thousands of
years. In India, people smoked the leaves of the
Atropa belladonna plant 4000 years ago to suppress
cough. In the 19th and early 20th centuries, asthma
sufferers smoked asthma cigarettes containing
stramonium powder mixed with tobacco to relieve
their symptoms. The development of modern
inhalation devices can be classified into three
categories: the refinement of the nebulizer, and the
evolution of two types of portable devices, the
metered-dose inhaler (MDI) and the dry powder
inhaler (DPI). Various pulmonary delievery devices
are listed below

Nebulizers-

Nebulizers have been wused to treat
respiratory diseases, including asthma, for many
years. There are two primary types of nebulizers:
jet and ultrasonic nebulizers. The jet nebulizer
operates based on the Bernoulli principle, where
compressed gas (air or oxygen) passes through a
narrow orifice, creating a low-pressure area at the
outlet of the adjacent liquid feed tube. This action
draws the drug solution up from the fluid reservoir
and breaks it into droplets in the gas stream. The

ultrasonic nebulizer, on the other hand, uses a
piezoelectric crystal vibrating at a high frequency
(usually 1-3 MH2z) to create a fountain of liquid in
the nebulizer chamber. The frequency of vibration
affects the droplet size, with higher frequencies
producing smaller droplets.

Constant output jet nebulizers are capable
of aerosolizing most drug solutions and require
little patient coordination or skill, delivering large
doses. However, these nebulizers are inefficient and
time-consuming, resulting in significant drug
wastage (up to 50% loss with continuously
operated nebulizers). While disposable nebulizers
are relatively inexpensive, the compressors used to
supply air or oxygen are not. Unfortunately, the
majority of the prescribed drug never reaches the
lungs through nebulization. Most of the drug either
remains within the nebulizer (known as dead
volume) or is released into the environment during
exhalation. Typically, only around 10% of the drug
placed in the nebulizer is deposited in the lungs.
The physical properties of drug formulations can
also affect nebulization rates and particle size.
Factors such as viscosity, ionic strength, osmolarity,
pH, and surface tension can impede the
nebulization of certain formulations. Additionally,
if the solution is too acidic or too hyper- or hypo-
osmolar, the aerosol may cause
bronchoconstriction, coughing, and lung mucosa
irritation. Moreover, high drug concentrations may
reduce the drug output with certain nebulizers.

Inhalers:

Inhalers are a highly effective method for
delivering medicine straight to the airways,
requiring smaller doses compared to tablets or
liquids taken orally. This method is attractive for
delivering drugs that act locally on the lungs or
systemically throughout the body. An exciting
concept in this area is the delivery of inhaled
systemic macromolecules. Successful development
of dry-powder inhaler (DPI) products requires
precise control of both the powder and device
properties, which remains a significant technical
challenge for those seeking to take advantage of the
many market opportunities in this field.

Advantages of Inhalers :-

There are several advantages of using inhalers in

pulmonary drug delivery:
Targeted delivery: Inhalers allow for direct
delivery of drugs to the lungs, where they are
needed. This results in a more targeted and
effective treatment for respiratory conditions.
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Rapid onset of action: Inhalers deliver drugs
directly to the site of action, resulting in a rapid
onset of action. This is especially important in
emergency situations, such as asthma attacks.

Lower doses: Inhalers require lower doses of

medication compared to oral or intravenous routes,

as the drug is delivered directly to the lungs.
Reduced side effects: Since inhalers require
lower doses of medication, they also result in
fewer systemic side effects, such as nausea or
vomiting.
Portable and convenient: Inhalers are small and
portable, making them easy to carry and use
on-the-go. They are also simple to use and
require minimal coordination, making them
ideal for elderly or paediatric patients.
Improved compliance: Inhalers have been
shown to improve patient compliance with
treatment regimens, as they are easy to use and
can be integrated into daily routines.

Overall, inhalers provide a safe, effective,
and convenient method for delivering drugs to the
lungs for the treatment of respiratory condition

Metered-dose inhaler :-

Metered-dose inhalers (MDIs) are a type
of inhaler used for delivering medication to the
lungs. They are commonly used for the treatment of
asthma, chronic obstructive pulmonary disease
(COPD), and other respiratory conditions.

The following are some advantages of using MDIs:

1. Accurate Dosage: MDIs are designed to
deliver a precise amount of medication with
each puff, making it easier to achieve the
desired therapeutic effect.

2. Convenient: MDIs are portable and easy to
use, making them a convenient option for
patients who need to take their medication on-
the-go.

3. Fast-Acting: MDls deliver medication directly
to the lungs, allowing for quick and effective
relief of respiratory symptoms.

4. Reduced Side Effects: Because the medication
is delivered directly to the lungs, the dose
required is usually lower than that needed with
oral medications, which can help reduce the
risk of systemic side effects

5. .Cost-Effective: MDIs are often less expensive
than other inhaler devices, making them a
more cost-effective option for patients.

Overall, MDIs offer several advantages in the
delivery of pulmonary medication, making them a
popular choice for patients and healthcare providers
alike.

Pressurized metered-dose inhalers:

Pressurized metered dose inhalers
(pMDIs) are a type of inhaler device used for
pulmonary drug delivery. They consist of a canister
containing a medication under pressure, a metering
valve, and an actuator mouthpiece. When the
patient activates the inhaler, the metering valve
releases a precise dose of medication in the form of
a fine aerosol mist, which is then inhaled into the
lungs.

One of the main advantages of pMDIs is
their convenience and portability. They are small
and easy to carry around, making them a popular
choice for patients who need to take their
medication on the go. They are also relatively easy
to use, requiring minimal coordination and effort
from the patient.

Another advantage of pMDIs is their
ability to deliver medication directly to the lungs,
bypassing the digestive system and reducing the
risk of side effects associated with oral
medications. They can be used to deliver a wide
range of medications, including bronchodilators,
corticosteroids, and combination therapies.

However, pMDIs can be challenging to
use correctly, particularly for patients with poor
hand-lung coordination. They require proper
technique and timing to ensure that the medication
is effectively delivered to the lungs. Some patients
may also experience irritation or other side effects
from the propellant used to deliver the medication.

Dry powder inhalers-

Dry powder inhalers (DPIs) are devices
used to deliver medications in a dry powder form
directly to the lungs. The powder is usually
contained in capsules or blisters, and the device is
activated by the patient inhaling through the
mouthpiece. DPIs are popular because they do not
require propellants or refrigeration, are easy to use,
and are portable.

Some of the advantages of DPIs include:

1. No need for coordination: Unlike MDls, DPIs
do not require coordination between pressing
the canister and inhaling, making them easier
to use for some patients, such as children and
elderly individuals.

2. No propellants: DPIs do not require
propellants, which means they do not contain
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any chlorofluorocarbons (CFCs) or
hydrofluoroalkanes (HFAs) that can be
harmful to the environment.

3. Portable: DPIs are small and portable, which
makes them convenient for patients to carry
with them and use as needed.

4. Long shelf life: DPIs have a longer shelf life
compared to other inhaler types, as they do not
contain propellants that can deteriorate over
time.

5. Accurate dosing: DPIs deliver a consistent and
accurate dose, which is important for patients
who require precise dosing for their medication
to be effective.

6. Variety of medications available: Many
different types of medications can be delivered
through DPIs, including bronchodilators,
corticosteroids, and combination therapies.

Overall, DPIs offer many advantages over other

types of inhalers and are a popular choice for

patients with respiratory conditions such as asthma
and COPD.

LATEST DEVELOPMENT IN INHALER
TECHNOLOGY

There have been several recent
developments in inhaler technology aimed at
improving drug delivery efficiency and patient
convenience. Here are some of the latest
advancements:

Smart inhalers: These are inhalers that can
connect to a smartphone app or other electronic
device to track medication usage, remind patients
when to take their medication, and provide
feedback on inhalation technique.

Breath-actuated inhalers: These inhalers
release medication automatically when the patient
takes a deep breath, eliminating the need for hand-
breath coordination and ensuring that the full dose
is delivered to the lungs.

3D-printed inhalers: These inhalers are
made using 3D printing technology, which allows
for customized designs that can be tailored to
individual patient needs and preferences.
Nanoparticle inhalers: These inhalers use tiny
particles to deliver medication directly to the lungs,
potentially improving drug absorption and reducing
side effects.

Biologic inhalers: These inhalers deliver large
molecules, such as antibodies, directly to the lungs,
allowing for targeted therapy for respiratory
diseases like asthma and COPD.

Overall, these advancements in inhaler technology
are improving the efficacy and convenience of

pulmonary drug delivery, ultimately leading to
better health outcomes for patients with respiratory
disease

SMART INHALER :-

Smart inhalers are inhalers that are
equipped with sensors to monitor the usage and
effectiveness of the medication. They connect to
mobile devices to provide real-time feedback,
reminders, and data on usage patterns. This
technology can improve adherence, optimize
treatment plans, and enhance patient outcomes

BREATH -ACTUATED INHALER :-

Breath-actuated inhalers (BAls) are a type
of inhaler that releases medication automatically
when the patient inhales, without the need for
pressing a button or coordinating their breathing
with the device. This feature makes them
particularly useful for patients with poor inhalation
technique or those who have difficulty using
traditional inhalers. BAIs typically use a dry
powder formulation, which can be more stable than
liquid formulations and therefore have a longer
shelf life. They also have the potential to deliver
higher doses of medication to the lungs compared
to traditional inhalers.

The operation of a BAI involves the
inhalation of air through the device, which triggers
the release of a predetermined dose of medication.
This ensures that the medication is delivered only
when it is needed, reducing the risk of overuse or
underuse. Some BAIs also feature dose counters,
which allow patients to track the number of doses
remaining in the device and ensure they are using it
correctly.

BAIs have been shown to improve
adherence to medication regimens and can be
particularly beneficial for patients with chronic
obstructive pulmonary disease (COPD) or asthma.
They are also being integrated with digital health
technologies, such as smartphone apps, to provide
real-time monitoring and feedback to patients and
healthcare providers

3D PRINTED INHALER

3D printing technology has been applied
to the development of inhalers to improve drug
delivery in patients. One of the advantages of 3D
printing is the ability to create complex shapes and
precise geometries, allowing for personalized
inhaler designs. Additionally, 3D printing enables
the production of inhalers with unique features
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such as customized dosage, inhalation flow rate,
and medication release profiles.

In 3D printed inhalers, the dose is
deposited onto a cartridge or blister strip which is
inserted into the inhaler. The inhaler device is
designed to fit the patient's mouth and respiratory
system, and can be customized for individual
patients. This technology allows for more precise
dosing and personalized inhaler design, which can
improve the effectiveness of the medication and
reduce side effects.

However, the development of 3D printed
inhalers is still in its early stages and faces
regulatory challenges. The safety and efficacy of
these inhalers need to be demonstrated through
clinical trials before they can be widely adopted.
Nevertheless, 3D printed inhalers have the potential
to revolutionize the field of respiratory drug
delivery and provide more effective and
personalized treatment options for patients

NANOPARTICLE INHALER :-

Nanoparticle inhalers are a type of inhaler
that delivers medication in the form of
nanoparticles. These inhalers use nanotechnology
to create drug particles that are smaller than those
used in traditional inhalers. The smaller particle
size allows for better distribution and absorption of
the medication in the lungs, leading to more
effective treatment.

One of the most promising applications of
nanoparticle inhalers is in the treatment of
respiratory diseases such as asthma and chronic
obstructive pulmonary disease (COPD). By
delivering medication in the form of nanoparticles,
these inhalers can improve the efficiency and
effectiveness of treatment, reducing the frequency
and severity of symptoms.

Some examples of nanoparticle inhalers

currently in development include liposomal
inhalers, which use lipid nanoparticles to deliver
drugs directly to the lungs, and nanofiber inhalers,
which use electrospun nanofibers to create a high
surface area for drug delivery.
While still in the early stages of development,
nanoparticle inhalers hold great promise for the
future of respiratory disease treatment, offering
improved drug delivery and more effective
symptom management

BIOLOGIC INHALER :-

A biologic inhaler is a type of inhaler that
is used to deliver large molecule drugs, also known
as biologics, to the lungs. Biologics are typically

proteins or other complex molecules that cannot be
taken orally and must be delivered directly to the
bloodstream or targeted tissues.

Biologic inhalers are designed to deliver
these drugs to the lungs using technologies such as
dry powder inhalers, metered dose inhalers, or
nebulizers. These inhalers are capable of delivering
the biologic drug in a controlled and precise
manner, which is essential for achieving the desired
therapeutic effect while minimizing side effects.

Biologic inhalers are used to treat a variety
of respiratory conditions, including asthma, chronic
obstructive pulmonary disease (COPD), and cystic
fibrosis. Some of the biologics delivered via
inhalers include monoclonal antibodies, growth
factors, and enzymes. These drugs are highly
effective in treating respiratory conditions but can
be difficult to deliver to the lungs due to their
complex molecular structures.

Overall, biologic inhalers represent an
important advancement in the treatment of
respiratory diseases and offer new therapeutic
options for patients who have not responded to
traditional treatments. However, as with any new
technology, ongoing research and development are
needed to optimize the delivery of biologics via
inhalers and to further improve patient outcome

RECENT ADVANCES IN NEBULIZER
TECHNOLOGY :-

Recent advances in nebulizer technology
aim to improve drug delivery efficiency, reduce
drug wastage, and provide a more convenient and
patient-friendly experience. Some of the notable
advances in nebulizer technology include:
Vibrating Mesh Technology: Vibrating mesh
technology nebulizers use a mesh with thousands
of small holes that vibrate at high frequency to
generate an aerosol mist. This technology offers
advantages such as reduced treatment time, smaller
particle size, and increased drug delivery
efficiency.

Adaptive  Aerosol  Delivery:  This

technology monitors a patient's breathing pattern
and adjusts the aerosol delivery to coincide with the
first half of each inhalation, reducing drug wastage
during exhalation.
Breath-Enhanced Nebulizers: These nebulizers use
an auxiliary air supply to enhance aerosol output
and improve drug delivery efficiency. They work
by directing auxiliary air, entrained during
inspiration, through the nebulizer, causing more of
the generated aerosol to be swept out of the
nebulizer and available for inhalation.
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Electronic Nebulizers: These nebulizers use
electronic controls to optimize drug delivery and
reduce treatment time. They can be programmed to
deliver a specific dose of medication or to adjust
the aerosol output based on the patient's breathing
pattern

HANDIHALER:-

HandiHaler is a dry powder inhaler (DPI)
device designed to deliver medication directly to
the lungs for the treatment of chronic obstructive
pulmonary disease (COPD). It is an easy-to-use
device with a user-friendly design that enables
patients to take their medication independently,
improving their quality of life.

The HandiHaler device is composed of
two parts: the inhaler and the capsule containing
the medication. The inhaler has a mouthpiece,
which the patient inhales through, and a transparent
window, which allows the patient to see if the
capsule is empty after use. The capsule is loaded
into the inhaler, and when the patient inhales, the
medication is released from the capsule and carried
to the lungs.

One of the advantages of the HandiHaler
is that it delivers medication in a consistent and
controlled manner, ensuring that the right amount
of medication is delivered to the lungs.
Additionally, it is small and portable, making it
easy for patients to carry with them and use on-the-
go.

The HandiHaler is also designed with
patient safety in mind. The inhaler has a safety
mechanism that prevents the device from being
used when the capsule is not properly loaded, and
the capsule itself is easy to load and dispose of
safely.

DISKHALER:-

The Disk inhaler, also known as the
Diskhaler, is a dry powder inhaler that delivers
medication directly to the lungs. It consists of a
circular plastic device that holds medication in the
form of small blisters. The patient opens the device
and inhales the medication through a mouthpiece,
which is activateda sliding lever. The Diskhaler is
designed to be simple to use, portable, and effective
in delivering medication. It is commonly used to
treat respiratory conditions such as asthma and
chronic obstructive pulmonary disease (COPD).
The Diskhaler has advantages over other inhaler
devices, including its reliability, ease of use, and
low environmental impact

GYROHALER:-

The Gyrohaler is a type of dry powder
inhaler that was developed by AstraZeneca. It is
designed to deliver a precise and consistent dose of
medication to the lungs. The Gyrohaler uses a
unique spinning disk technology that disperses the
powder medication into fine particles for
inhalation. The spinning disk is operated by a user-
friendly twisting mechanism that is easy to use.

The Gyrohaler has several advantages
over other dry powder inhalers, including its ability
to deliver a consistent and accurate dose, as well as
its ease of use. It also has a low resistance to
airflow, which makes it easier for patients with
respiratory issues to use.

The Gyrohaler has been used to deliver
several types of  medications, including
bronchodilators and corticosteroids, and has been
approved for use in several countries around the
world. Its unique spinning disk technology has also
been adapted for use in other types of inhalers,
including the Aerolizer and the Twisthaler..

MARKETED INHALER
There are several recently marketed inhaler and
nebulizer devices that have gained popularity.

One example of a recently marketed
inhaler is the ProAir Digihaler. It is a digital inhaler
that uses sensors to track medication use and
provide personalized insights to help patients
manage their asthma. It also provides real-time
dose tracking and reminders for when to take the
next dose.

Another example is the Ellipta inhaler, which is
designed to deliver long-acting bronchodilators for
patients with COPD. It has a unique dose counter
and a one-click opening mechanism that simplifies
its use for patients.

As for nebulizers, the PARI Trek S is a portable
nebulizer that allows for effective aerosol treatment
on the go. It is small, lightweight, and can be used
with a rechargeable battery or AC power.

Another example is the AeroEclipse Il Breath
Actuated Nebulizer (BAN). It delivers medication
only when the patient inhales, improving
medication delivery efficiency and reducing drug
waste

PROAIR DIGIHALER® :-

ProAir Digihaler is a recent inhaler device
that utilizes digital technology to help patients
manage their asthma symptoms. It is a breath-
activated metered-dose inhaler that uses a small
sensor to detect inhaler use and sends data to a
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mobile app via Bluetooth. The app records the date,
time, and location of inhaler use, as well as any
symptoms and triggers experienced by the patient.
This information can then be shared with
healthcare providers to help them make more
informed treatment decisions.

ProAir Digihaler also includes a built-in
dose counter and a visual indicator to let patients
know when they need to refill their inhaler. The
inhaler is designed to be used with ProAir's
albuterolsulfate  medication,  which is a
bronchodilator used to treat asthma and other
respiratory conditions.

The use of digital technology in inhaler
devices like ProAir Digihaler can help patients
better manage their asthma by providing them with
real-time data on their symptoms and medication
use. It also allows healthcare providers to monitor
patient adherence and adjust treatment plans as
needed

ELLIPTA® :-

Ellipta is a type of dry powder inhaler
(DPI) designed for the delivery of medication
directly into the lungs. It is a multi-dose inhaler that
contains a pre-loaded blister strip of medication,
which is pierced by the inhaler when activated by
the patient. The inhaler delivers a fine powder of
the medication into the patient's airways, where it is
absorbed quickly and effectively.

One of the unique features of the Ellipta
inhaler is its breath-activated mechanism. The
inhaler is activated when the patient takes a deep
breath in, which triggers the release of the
medication. This helps to ensure that the patient
receives the full dose of medication with each use,
as they must take a proper inhalation to activate the
device.

The Ellipta inhaler is used for the
treatment of various respiratory conditions,
including asthma and chronic  obstructive
pulmonary disease (COPD). It is available in
several different  formulations, including
combinations of long-acting beta-agonists and
corticosteroids. The inhaler is designed for ease of
use, with a simple one-step activation process and a
clear dose counter to track the remaining doses.
Overall, the Ellipta inhaler is an effective and
convenient option for patients with respiratory
conditions who require regular medication.

PARI TREK S®:-
The PARI TREK S is a portable nebulizer
that is designed for on-the-go use. It is small and

compact, weighing less than a pound, and can
easily fit into a backpack, purse, or briefcase. The
device is battery-operated, which makes it ideal for
traveling or use outside of the home.

One of the unique features of the PARI
TREK S is its breath-enhanced technology. This
means that the device only releases medication
during inhalation, making it more efficient and
effective than traditional nebulizers. The device
also produces very small particles, which can reach
deeper into the lungs and provide better treatment
for respiratory conditions.

The PARI TREK S comes with a reusable

nebulizer cup and mouthpiece, which can be easily
cleaned and sterilized. It also has a built-in battery,
which can provide up to 50 minutes of continuous
use. The device is compatible with a variety of
medications, including bronchodilators,
corticosteroids, and antibiotics.
Overall, the PARI TREK S is a convenient and
effective option for those who need nebulizer
treatments on-the-go. Its small size and breath-
enhanced technology make it a popular choice
among patients with respiratory conditions.

AEROECLIPSE lI®:-

The AeroEclipsell is a small, handheld
nebulizer that uses vibrating mesh technology to
deliver medication to the lungs. It is designed to be
used by people with respiratory conditions such as
asthma, COPD, and cystic fibrosis.

The device is portable, lightweight, and
easy to use, making it a convenient option for
people who need to take their medication on the go.
It operates quietly and quickly, delivering
medication in as little as 6 minutes. The
AeroEclipse 2 has a large medication cup, which
means it can hold more medication and reduce the
need for frequent refilling.

One of the key benefits of the AeroEclipse

2 is its ability to produce consistently small
particles, which can improve medication delivery
to the lungs. The device also features a one-way
valve system that prevents medication from
escaping during exhalation, reducing medication
waste and improving overall efficiency.
Overall, the AeroEclipse 2 is a reliable and
effective nebulizer option for people with
respiratory conditions who need to administer
medication via inhalation

1.  CONCLUSION:-
The  pulmonary route of  drug
administration has gained attention for its potential
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as a non-invasive method for systemic delivery of
therapeutic agents. The lungs offer a large
absorptive surface area of up to 100 m .A thin
absorptive mucosal membrane (0.1 pm — 0.2 pm),
and good blood supply. Pulmonary drug delivery
may be a promising alternative to oral or
intravenous administration, reducing the incidence
of side effects associated with high serum drug
concentrations. Inherently small size and surface
modification properties of inhalable drugs offer
opportunities for innovative controlled drug release
and pulmonary cell targeting therapeutic platforms.
Integrating pulmonary delivery may improve
targeting, release, and therapeutic effects of drugs
and needle-free inhalation vaccines. Novel devices
with improved delivery features, metered dosing,
and deep lung penetration may increase the
efficiency of protein delivery to the lungs. Efficient
dosing has been improved by eliminating hold-up
in new devices, using particles designed to
penetrate the deep lung, and improving aerosol
characteristics. The approaches and devices in
pulmonary drug delivery systems are more
prominent compared to other drug delivery
systems, emphasizing the importance of
considering their development in the overall
therapeutic performance of the system.
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