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ABSTRACT  
 

Dry powder inhalers (DPIs) are commonly used to treat respiratory diseases, particularly asthma, lung 

cancer, and chronic obstructive pulmonary disease, by delivering medications directly to the lungs. This 

review explores the influence of key formulation parameters such as particle size, morphology, surface 

roughness, and excipients on the inhalation performance and efficiency of DPIs. A comprehensive analysis 

of recent studies was performed to understand how these variables affect aerosolization and inhalation 

performance. The findings highlight that particle size is directly correlated with fine particle fraction (FPF), 

smaller particles (<5 µm) exhibit higher FPF (~80 %), and are suitable for targeting lower airways. 

Regarding morphology, elongated or needle-shaped particles experience an increased aerodynamic drag, 

aiding their deposition in the lower regions of the respiratory tract. In contrast, particles with smooth 

surfaces exhibit less interparticle adhesion and cohesion forces, leading to improved dispersion and 

aerosolization. Moreover, the incorporation of lubricant is shown to occupy the binding sites of the carrier, 

reduce agglomeration, and promote aerosolization and delivery efficiency of DPIs. In conclusion, DPIs 

offer strong potential to achieve targeted delivery to designated regions of the upper and lower respiratory 

tract through particle size modulation and formulation approaches. 
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1.0 Introduction  

The lung offers an ideal route for the local 

and systemic delivery of drugs. The primary 

function of the lung is to facilitate gas 

exchange, transferring oxygen from the 

environment into the bloodstream to maintain 

an adequate level of oxygen for cellular 

processes, including the production of 

adenosine triphosphate (1). Simultaneously, 

carbon dioxide needs to be exhaled to prevent 

hypercapnia. This whole process of gas 

exchange takes place in alveoli, which are 

composed of a single-cell membrane (2). 

Mucosal immunity is another critical 

function of the lung, 4-20 mm/min is the 

mucosal clearance rate in healthy individuals, 

and in a disease state, both functions are often 

compromised (3). The lungs are one of the 

few internal organs that are directly exposed 

to external environmental threats such as dust 

particles, smoke, suspended air-borne 

allergens, and pathogens that are responsible 

for various pulmonary disorders such as 

asthma, atelectasis, bronchitis, chronic 

obstructive pulmonary disease (COPD), and 

lung cancer that affect the functional 

efficiency of the lungs primarily at 

bronchioles and alveoli (4). According to the 

World Health Organization report, more than 

300 million people suffer from asthma, and 

this figure might exceed 400 million by the 

end of 2025, while lung cancer accounts for 

the highest mortality rate (18%) (4,5). 

Oral, transdermal, and parenteral routes 

of administration are associated with several 

limitations, such as the oral route is affected 

by harsh first-pass metabolism, the stratum 

corneum barrier in case of skin drug 

absorption, and parenteral administration 

may lead to premature drug degradation and 

leakage in blood (5). These challenges result 

in poor drug absorption, low bioavailability, 

and suboptimal pharmacological effects. 

Owing to the limitations of other routes, 

inhalation drug delivery is considered an 

optimal approach for the treatment of lung 

disorders.  To treat these lung disorders 

variety of inhalers are available in the market, 

namely nebulizers, metered dose inhalers, 

and DPI.  Among these inhalers, DPI is 

considered an alternative to nebulizers and 

metered dose inhalers owing to high stability, 

propellant-free nature, and ease of use (6).  

 

1.1 Type of inhaler 

In the current market, three types of inhalers 

are used to treat respiratory diseases. The first 

is a metered dose inhaler (MDI), a 

pressurized canister of medicine housed in a 

plastic holder with a mouthpiece. When 

sprayed, it provides a reliable, consistent 

dose of medication. This inhaler consists of a 

spacer attached to it, which facilitates the 

active drug reaching the target site (7). The 

function of the spacer is to increase the 

efficiency of this inhaler. Aerosol can be 

inhaled without the precision of time and 

speed, which is usually necessary. MDI 

disperses the drug automatically but relies on 

the patient to coordinate actuation of the 

device with inhalation. The important part in 

the MDI is the role of propellant, which is to 

provide the required pressure to atomize the 

drug formulation into micron-scaled droplets 

(8). Chlorofluorocarbons (CFCs), usually 

used as the propellant of MDI, are found to 

deplete the ozone layer high above the earth 

(9). Alternative devices have been developed 

to replace the CFC propellant in MDI, with 

hydrofluoroalkane (HFA) selected as a 

substitute for CFCs. CFCs are extremely 

potent global warming agents as well as 

harmful to the ozone layer. They are replaced 

by HFAs, which, though harmless to the 

ozone layer, still have a global warming 

potential more than 1000 times that of carbon 

dioxide (9).  

     The second inhaler is a nebulizer or also 

known as a soft mist inhaler. A nebulizer is a 

machine that sprays a fine, liquid mist of 
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medicine. The medicine is delivered with a 

mouthpiece or mask (10). Nebulizers are 

often used by people who cannot use MDI, 

such as infants and young children, and 

people with severe asthma. An air 

compressor helps to convert liquid medicine 

into a mist, which travels through a tube that 

connects to a mouthpiece. Nebulized 

treatment provides patients with an 

alternative administration route that avoids 

the need for inspiratory flow, manual 

dexterity, or complex hand-breath 

coordination (10). The last one is DPIs, DPI 

formulations are generally composed of drug 

substance, fine or coarse carrier, and 

lubricant. DPI devices are further classified 

into two types, namely multiple-dose devices 

and single-dose devices. The single-dose 

device needs to have a capsule placed in the 

device immediately before each treatment 

(9). For DPIs to de-aggregate (break up) the 

powder in the device and disseminate 

(transport the drug into the lung), the patient 

must produce the proper inspiratory flows. 

Some patients struggle to acquire enough 

inhalation flows since each DPI on the 

market has a different inspiratory flow 

requirement to activate powder de-

aggregation and enable optimal lung 

delivery. The advantages of DPIs are 

formulation stability, propellant-free, small, 

portable, quick to use, and no need for a 

spacer (11). DPI mainly comprises particles 

in the solid state, which are powder. It offers 

superior physicochemical stability relative to 

the liquid state and MDI, of which the 

formulation consists of propellant and 

cosolvents.  As the inhalation of DPI is based 

on the inhalation flow rate of the patient, it 

does not require propellant to create the 

aerosolized spray of medicine (12). This 

propellant-free approach will lead to 

environmental sustainability. 

 

 

 

1.2 Dry powder inhaler 

Nowadays, DPIs are commonly utilized for 

delivering medication directly to the 

respiratory system, particularly in the 

management of asthma and lung cancer. The 

effectiveness of DPIs in delivering 

medication depends not only on the 

formulation of the drug but also on the 

inhalation technique of the patients. 

However, in this study, the human factor has 

been excluded and focuses more on the DPI 

performances. Understanding the inhalation 

performance of DPIs is crucial for optimizing 

drug delivery and ensuring successful 

therapy outcomes. 

     The evaluation of DPI inhalation 

performance involves a comprehensive 

assessment of several critical parameters, 

including FPF, emitted dose, aerodynamic 

particle size distribution (PSD), and 

deposition patterns in the respiratory tract. To 

assess the inhalation performance of 

particles, a mechanical simulation of the 

human respiratory tract, the Cascade 

Impactor, is widely used (13). Its stages are 

useful for separating the particle fraction with 

varying aerodynamic diameter ranges. The 

inhalation properties adopted were emitted 

dose (ED), FPF, and extra-fine particle 

fraction (eFPF). ED represents the proportion 

of powder that can be released from the 

capsule and is suppressed by static charges, 

which trap tiny particles inside the capsule 

against the inhalation flow (14). Meanwhile, 

FPF is important for assessing the inhalation 

properties of general DPI formulations, as it 

provides the proportion of fine particles with 

diameters <5 µm (15). Certainly, there are 

also other aspects when it comes to the 

performance of DPI products. Customizing 

the aerodynamic properties of DPI 

formulations is essential for delivery to the 

deep lung. 
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1.3 Aerosolization and inhalation attributes 

of DPI 

Ensuring the appropriate aerodynamic 

properties of DPI formulations is crucial for 

achieving effective drug delivery to the 

deeper regions of the lungs, which also 

require careful consideration of factors such 

as surface morphology, particle shape, 

crystallinity, and excipient used in the 

formulation (16). Excipients play a critical 

role in improving the dispersibility and flow 

characteristics of the powder, thereby 

influencing the aerodynamic behavior and 

deposition pattern within the respiratory 

tract. Carefully selecting suitable excipients 

can significantly enhance the aerosolization 

efficiency, optimize drug targeting to the 

intended lung regions, and minimize the 

potential for undesirable side effects (17). 

     Excipients used in DPIs are generally 

recognized as safe by the Food and Drug 

Administration and are known to enhance 

powder dispersibility while aiding particle 

de-aggregation (18). Its presence in the 

formulation promotes the formation of 

cohesive bonds between drug particles, 

improving their flow properties and reducing 

the likelihood of particle aggregation during 

inhalation (16,18). Lubricants are commonly 

used in pharmaceutical formulations to 

improve the flowability of powder by 

reducing interparticle friction (19,20). 

     Considering the impact of excipients on 

DPI performance is essential for tailoring 

formulations to achieve optimal drug 

delivery. The analysis of inhalation 

performance in dry DPIs presents challenges 

that primarily revolve around the intricate 

interplay between formulation 

characteristics, device design, and the 

aerodynamic behavior of drug particles. The 

use of DPI has been prioritized compared to 

the other types of inhalers owing to their 

superior physicochemical stability in contrast 

to nebulizers and MDI (12). However, one 

significant challenge in studying inhalation 

performance analysis in DPIs lies in the 

complexity of the formulation parameters. 

Factors such as particle size distribution, 

surface morphology, shape, and crystallinity 

significantly influence the aerosolization 

process and subsequent drug deposition 

within the respiratory tract. Additionally, 

device-related factors play a pivotal role in 

inhalation performance. The design of the 

inhaler, including the geometry, airflow 

resistance, and mechanism of drug 

dispersion, influences the generation of the 

aerosol and the drug's ultimate deposition in 

the lungs.  

     The objective of this research is to 

investigate the characteristics and 

physicochemical properties of DPI 

formulations and their relationship with 

aerosolization and inhalation performances. 

The findings of this study will provide 

valuable background data to assist 

researchers in designing improved dry 

powder formulations for enhanced 

pulmonary drug delivery. 

2.0 Method  

Initially, both research and review articles 

focusing on inhalation studies were examined 

using multiple databases such as Science 

Direct, Google Scholar, National Library of 

Medicine (PubMed), Springer link, Research 

Gate, Elsevier, and Liebert Pub. Data from 

studies (n = 90) that primarily focused on dry 

powder inhalation were included in this 

study, with the majority of data obtained 

from sources published between 2001-2024. 

The keywords and terms used during the 

search of the data such as dry powder inhaler, 

pulmonary drug delivery, inhalation, 

aerosolization, particle size, and morphology. 

Figure 1 illustrates the sequential steps 

undertaken to accomplish the objectives of 

this study. The primary objective of this 

study is to evaluate specific physicochemical  
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Figure 1: Research methodology approach for the analysis of the dry powder inhaler. 

 

attributes, such as particle size, morphology, 

and surface roughness of the dry powder, 

which may significantly impact 

aerosolization and inhalation performances. 

This evaluation process involves several 

steps, such as examining the influence of 

particle size on aerosolization efficiency and 

deposition within the respiratory system. The 

potential impact of particle morphology on 

aerosolization performance and lung 

deposition is also investigated. Moreover, 

surface roughness and excipients’ effects on 

aerosolization and inhalation efficiency are 

also envisaged. This knowledge will 

contribute to optimizing the formulation and 

development of inhalation therapies by 

considering factors that affect aerosolization 

and inhalation performance. 

 

3.0 Results and discussion  

 

3.1 Effect of particle size 

 

In general, smaller particle sizes tend to 

exhibit higher FPF values, indicating better 

aerosolization and improved targeting of the 

drug to the desired site (21). This correlation 

can be attributed to the increased likelihood 

of smaller particles remaining suspended in 

the airstream, overcoming gravitational 

settling and reaching the lower airways. 

These particles can effectively penetrate the 

respiratory system's narrow air passages, 

leading to increased FPF values (21). 

Conversely, larger particles have a greater 

tendency to deposit in the upper respiratory 

tract, resulting in lower FPF values. These 

larger particles may be subject to impaction 

or sedimentation, limiting their ability to 

reach the intended site of action within the 

lungs (22). There are three mechanisms 

governing particle deposition in the lung air- 

ways. The first one is inertial impaction, 

which involves the deposition of large 

particles in the oropharyngeal and large 

airways. These particles are unable to follow 

the directional changes of the inspired 

airstream, particularly in the oropharynx and 

at airway bifurcations. Loss of drugs by 

inertial impaction in the oropharynx is the 

biggest hurdle for lung deposition with 

passive dry powder devices (21). Thus, the 

loss of drug due to inertial impaction in the 

oropharynx is a major hurdle to achieving 

lung deposition using a passive dry powder 

device (23). The second mechanism is 

gravitational sedimentation, which usually 

affects small particles in the size range of 2–
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6 µm. It occurs in the small conducting 

airways where the airflow velocity is slow 

(24). The third mechanism is diffusion, 

which involves small particles (<2µm) that 

rely on Brownian motion. This mechanism is 

important in the small airways and alveoli,  

where the airflow is negligible (22). 

     The PSD of the DPI formulations was 

analyzed by cascade impaction analysis (16). 

Cascade impactors work on the principle of 

inertial impaction (25). As an aerosol passes 

through the impactor, particles with different 

sizes and velocities are subjected to 

centrifugal forces and inertial impaction on a 

series of collection plates or stages. Larger 

particles with higher inertia are collected at 

the beginning stages, while smaller particles 

continue to travel and are collected at 

subsequent stages. The particle size 

distribution and deposition characteristics 

can be determined by analyzing the collected 

particles at each stage. 

     The cascade impactor consists of several 

stages, typically arranged in a series of 

decreasing size or increasing cut-off 

aerodynamic diameters (26). Each stage 

contains a collection plate or surface, which 

captures particles of specific sizes. The 

aerosol sample is drawn through the impactor 

using a controlled airflow rate, ensuring that 

particles are impacted and deposited on the 

collection plates based on their aerodynamic 

behavior. 

 

3.1.1 Correlation between particle size and 

FPF 

 

Particle size D50 is defined as the diameter at 

which 50% of the particles in a distribution 

are smaller and 50% are larger (27). Upon 

reviewing the data, a diverse range of particle 

sizes was found that were utilized for 

pulmonary delivery, ranging approximately 

from 0.3 μm to 14.72 μm (Figure 2). Smaller 

particle sizes, such as those below 5 μm, have 

a higher probability of reaching the deep lung 

regions due to their improved aerodynamic 

properties. The correlation data presented in 

Figure 2 provides evidence that particles 

within this desired size range, favorable for 

effective lung deposition and targeted drug 

delivery (28–97).  

     FPF was found to be promising with  

smaller particles, where the drug deposits in 

the lower areas of the lungs, as shown in 

Figure 2 (31). Hyaluronic acid-based 

aggregated nanoparticles having a size of < 

5µm expressed better drug deposition in the 

alveolar region (31), while meloxicam 

formulation, owing to larger particles, 

exhibited poor aerodynamic properties and 

deposited in the extrathoracic spaces (29). 

Samples with a larger particle size 

demonstrated lower FPF value, and the 

following equation is utilized for FPF 

calculation (98). 

 
FPF=Fine particle dose/emitted dose x 100   

 

     The correlation demonstrates a significant 

relationship between particle size and FPF. A 

higher FPF value suggests a higher 

proportion of fine particles capable of 

reaching the desired target site within the 

lungs, while a lower FPF value indicates a 

larger fraction of particles that may deposit in 

the oropharyngeal region or fail to penetrate 

deeply into the respiratory tract, as shown in 

Figure 2 (32). Findings of a recent study 

exhibited that smaller-sized microcarriers 

(d50: around 5 µm) improved the FPF (43.47 

± 3.25 %) by delivering nanoparticles into the 

deeper region of the lungs (99). 

 

3.1.2 Correlation between PSD and FPF 

 

Particle size distribution describes the range 

of particle sizes present in a given sample or 

formulation. It provides information about 

the relative proportions of particles across 

different size ranges. PSD can be calculated 

by using the formula (d90-d10) / d50 (100). A 
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Figure 2: Relationship between particle size and fine particle fraction investigated by analyzing various 

studies (28-97) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3: Relationship between the particle size distribution and fine particle fraction determined through 

analysis of various studies (28-97) 

 

narrow and well-controlled size distribution 

ensures a significant proportion of particles 

within the desired size range for optimal 

deposition in the lungs. Formulations with a 

higher concentration of fine particles tend to 

yield a higher FPF due to their improved 

ability to bypass the upper airways and reach 

the lower lung regions, as shown in Figure 3. 

In the study involving Colistin and 

Meropenem (101), particles exhibited a 

narrow size distribution (1.55 µm), 

representing a high degree of uniformity in 

particle size, which resulted in the higher FPF 

of 80%. 

 

 

3.2 Effect of particle morphology 

 

Particle shape plays a significant role in 

determining the aerosol properties of DPIs. 

Irregularly shaped particles tend to 

experience greater air resistance and have 

reduced aerodynamic efficiency. Meanwhile, 

non-spherical particles may exhibit altered 

deposition patterns within the respiratory 

tract (46). Typically, particle shape affects 

the inter-particulate interactions within the 

powder formulation. Irregularly shaped 

particles may have more complex surface 

geometries, leading to variations in adhesive   

and cohesive forces between particles (34). 
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These interactions impact powder 

flowability, dispersibility, and the ability to 

aerosolize the powder upon inhalation, which 

prevents it from de-aggregation in the upper 

respiratory tract. However, when compared 

with spherical shape, it can exhibit minimal 

inter-particulate interactions within the 

formulation, as its smooth surface allows for 

easy separation and dispersion (102). This 

reduced cohesion and agglomeration lead to 

improved flowability and dispersibility of 

spherical particles. As a result, a larger 

proportion of spherical particles can be 

effectively released from the inhaler device, 

increasing the likelihood of their deposition. 

Therefore, the spherical shape provides 

particles with easy detachment, which is 

suitable for drug delivery to the upper lung 

(103). On the other hand, irregular particles 

can experience enhanced inertial impaction 

and gravitational sedimentation due to their 

non-uniform shape. The irregularities in 

particle shape can cause changes in the 

aerodynamic behavior and settling trajectory 

velocity, leading to increased deposition in 

the desired lung regions (51,83). This can 

contribute to a higher FPF, particularly for 

particles that tend to deposit in the lower 

airways or alveolar region. 

     Elongated particles can significantly 

influence aerosol properties due to their 

distinct shape characteristics. Elongated 

particles experience different aerodynamic 

behavior compared to the other shapes. Their 

elongated shape introduces asymmetry, 

leading to changes in drag forces and particle 

orientation in the airflow (20). The non-

spherical shape can result in different flow 

patterns, eddies, and vortex shedding, 

affecting particle transport and deposition 

(Figure 4). The unique shape of elongated 

particles offers the potential for targeted 

delivery to specific lung regions. By 

manipulating the aspect ratio and surface 

properties of elongated particles, it can 

optimize the behavior for deposition in 

specific areas, such as the deep lung or 

targeted sites for drug absorption (50). This 

can be advantageous for delivering 

medications to treat conditions affecting 

specific regions of the respiratory system. 

Elongated particles increase particle-particle 

and particle-device interactions compared to 

spherical particles. Their elongated shape can 

lead to entanglement, alignment, or bridging 

between particles, resulting in altered powder 

flow properties (48). Moreover, elongated 

particles may have different contact areas and 

adhesive forces when interacting with the 

inhaler device or carrier particles, influencing 

their detachment and aerosolization 

efficiency.  

     In the recent study, the particles with 

irregular or needle-shaped exhibited reduced 

internal friction and better dispersion 

performance in the air when compared with 

spherical-shaped particles (88). Needle-

shaped carrier particles generally have a high 

elongation rate, which allows drug deposition 

in the small airways, resulting in more 

effective drug deposition in the lung (22). 

Carriers having a higher elongation rate (5.89 

± 0.2) expressed more deposition of 

salbutamol into the lower lung region (104). 

These carrier particles provide a higher FPF 

and reduce drug loss, especially at low flow 

rates. Therefore, needle-like or elongated-

shaped carriers are considered a suitable 

choice due to their high dispersibility and 

high FPF values. 

3.3 Effect of surface roughness 

Surface roughness of particles can 

significantly influence aerosol properties in 

the DPI. The surface roughness of particles 

can impact their dispersibility and 

aerosolization behavior, as shown in Figure 

5. Rough surfaces introduce irregularities and 

asperities that increase interparticle friction 

and cohesion (44). This can lead to 

agglomeration, poor dispersion, and hurdles  
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Figure 4: Scanning electron morphology of two different variants of non-spherical shaped lactose-based 

inhalation carrier (a) coarse carrier (particle size >5µm) and (b) fine carrier (particle size <5µm).  

 

 
Figure 5: Effect of carrier surface roughness on fine particle fraction. 

 

in achieving consistent and efficient 

aerosolization. Smoother surfaces, on the 

other hand, promote better flowability and 

dispersibility, allowing for improved aerosol  

generation and drug delivery (36). A smooth 

surface is generally useful to target the drug 

to the lower region of the lungs, as the drug 

can easily detach due to less adhesive forces 

(Figure 5). Surface roughness influences 

particle-particle interactions, while rough 

surfaces provide more contact points and 

interlocking regions within the formulation 

(14,105). 

The surface roughness of particles can 

influence their deposition pattern within the 

respiratory tract. Rough surfaces tend to 

experience more frequent and stronger 

interactions with the airway walls, leading to 

increased deposition in the upper airways 

(e.g., oropharynx) rather than reaching the 
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targeted regions in the deep lung (29). 

Smoother surfaces have reduced wall 

adhesion, enabling particles to penetrate 

deeper into the lung, increasing the chances 

of deposition in the desired regions. 

     Surface roughness can also affect the 

stability of aerosol particles. Rough surfaces 

may be more prone to moisture absorption, 

leading to particle growth, agglomeration, 

and decreased stability. However, in the 

recent study, the stability of the particles 

whose surface has been modified by 

trileucine showed a clear dependence on the 

surface rugosity of the suspended particles of 

which more corrugated particles lead to more 

stable suspensions, and all of them are more 

stable than those made of pure trehalose 

particles with relatively smooth surfaces 

(106,107). However, further studies should 

be performed to provide a detailed 

explanation regarding the stability of the 

particles with surface roughness. 

 

3.4 Effect of excipient 

 

Excipients in DPI formulations play a crucial 

role in influencing the inhalation 

performance. Magnesium stearate is a 

commonly used lubricant in DPI 

formulations. Its main role is to improve the 

flow properties of the powder, reducing 

cohesive forces by occupying the binding site 

at large carrier and enhancing powder 

dispersibility. The addition of excipients such 

as magnesium stearate is useful when the DPI 

formulation consists of a large carrier to 

increase drug flowability (33). This action 

leads to easy detachment of drug particles 

during aerosolization (19). Inclusion of 5% 

magnesium stearate in DPI formulation 

improved aerosolization by reducing particle 

agglomeration (108). 

     Mannitol is a commonly used excipient in 

DPI formulations due to its excellent 

flowability and low hygroscopicity. It acts as 

a bulking agent and facilitates the dispersion 

of active pharmaceutical ingredients within 

the powder matrix (42). Mannitol also 

enhanced the flow properties of the powder, 

ensuring consistent and efficient aerosol 

generation. Leucine is an amino acid 

excipient used as a dispersibility enhancer in 

DPI formulations. It helps to improve the 

dispersion and deagglomeration of powder 

particles by promoting fine particle formation 

(103). Particles prepared using l-leucine 

through the spray drying technique resulted 

in higher FPF (66.6 %) (109). Leucine was 

used to prepare salvianolic acid (SAL) DPI 

by the spray drying method, which improved 

the powder flow properties, drug delivery 

efficiency, in vitro deposition effect of SAL-

DPI, and enhanced its moisture resistance. 

However, the composition of leucine is 

important in the formulation of the drug 

substance (33,44). The presence of leucine 

provides better particle size distribution and 

has a high fine particle fraction among others. 

Leucine acts as a surface-active agent, 

reducing particle cohesion and facilitating the 

separation of individual particles during 

inhalation (17). Sucrose is used as a carrier or 

filler excipient in DPI formulations to 

improve the powder flow and enhance 

dispersibility (61). Sucrose also provides 

stability to the formulation and can contribute 

to the preservation of the drug's chemical 

integrity. However, there is insufficient data 

regarding the advantage of sucrose in the DPI 

formulation. 

     Chitosan is a biopolymer excipient with 

mucoadhesive properties. In DPI 

formulations, chitosan is used as a coating 

material to enhance particle adhesion to the 

respiratory epithelium, prolonging drug 

residence time and promoting targeted drug 

delivery (79,82,110). Chitosan can also 

improve powder flowability and reduce 

particle aggregation. Thiolated chitosan (TC) 

is a modified form of chitosan, it possesses 

enhanced mucoadhesive properties. TC can 

form reversible disulfide bonds with mucus, 
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improving the adhesion of particles to the 

airway surfaces. TC improved the cellular 

permeation properties of hyaluronic acid 

(31). Nanoparticles fabricated with TC 

exhibited dual functionality by enhancing 

epithelial permeation and enabling controlled 

drug release. The thiol-reacted biomolecules 

also show enhanced cellular uptake of the 

particles and have the potential to localize at 

the target (31). Chitosan-based nanoparticles, 

owing to their positively charged surface, 

interact with negatively charged mucus, 

leading to enhanced penetration (111). 

     Dipalmitoylphosphatidylcholine (DPPC) 

is a phospholipid excipient commonly used 

in DPI formulations. It acts as a surfactant 

and can improve the dispersibility and flow 

properties of the powder. DPPC can enhance 

the fluidization of the powder, reducing 

particle agglomeration and promoting the 

generation of fine particles suitable for 

inhalation (49). Polyvinyl alcohol (PVA) is a 

water-soluble excipient that can be used as a 

dispersing agent in DPI formulations (57). It 

improves the wettability and dispersibility of 

the powder, facilitating the formation of a 

homogeneous aerosol cloud upon inhalation. 

PVA also enhances the flow properties of the 

powder, promoting efficient aerosolization. 

Phytoglycogen is a natural excipient derived 

from plants. Phytoglycogen is used in the 

formulation to act as an excipient matrix. It 

provides a large hydrodynamic particle 

diameter distribution (14). This matrix-based 

formulation provides a platform for an active 

pharmaceutical ingredient to embed or 

attach. This formulation leads to improved 

drug mobility and distribution. 

Phytoglycogen has excellent film-forming 

properties, which can contribute to the 

formation of a cohesive powder matrix, 

reducing particle aggregation and enhancing 

the stability of the formulation. 

4.0 Conclusion 

Dry powder inhalers are widely used for the 

treatment of respiratory diseases. The 

effectiveness of DPIs in delivering 

medication depends on various factors, 

including particle size, morphology, 

roughness, and incorporation of excipients. 

Smaller particle sizes, particularly those 

below 5 μm, have higher FPF and are more 

likely to reach the deep lung regions. PSD 

analysis using cascade impactors helps 

evaluate the aerodynamic properties of DPI 

formulations. Irregular particles are more 

susceptible to inertial impaction and 

gravitational sedimentation due to their shape 

asymmetry. The irregularities in particle 

shape can lead to changes in aerodynamic 

behavior and settling trajectory velocity, 

resulting in increased deposition in the 

desired lung regions. Surface roughness 

affects powder flowability and cohesive 

forces, with smoother surfaces enhancing 

aerosolization and drug delivery. Excipients 

such as magnesium stearate, mannitol, 

leucine, and chitosan are essential for 

enhancing flow properties, dispersibility, and 

mucoadhesion. These functionalities 

contribute to enhanced aerosol generation, 

powder stability, and targeted drug delivery.  

     Optimized DPI formulations have the 

potential to enhance particle dispersion, 

deposition, and lung targeting, leading to 

improved drug absorption, bioavailability, 

and better disease management. Further 

research and development efforts should 

focus on tailoring the aerodynamic properties 

of DPI formulations, selecting appropriate 

excipients, and optimizing powder 

characteristics to enhance inhalation 

performance and maximize efficiency, 

effectiveness, and patient adherence of DPI 

therapy.  
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