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Editorial

Future of Carrier-Free Dry Powder Inhaler Formulations
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Pulmonary drug delivery, which involves administering 
medications via oral inhalation, is gaining increasing 
prominence as a promising alternative to conventional 
drug delivery methods. In 2021, the global market for 
inhaled medicinal products surged to a record high of 
$13.4 billion, and it has been projected to grow further, 
reaching $54.1 billion by 2030.1

Pulmonary drug delivery through carrier-based 
dry powder inhaler (DPI) formulations is a common 
practice,2-4 with the formulations typically consisting of 
micronized drug particles (ranging from 6 to 500 μg) and 
lactose monohydrate as the carrier. This drug-excipient 
blend effectively prevents the agglomeration of cohesive 
drug particles.5,6 Though, it necessitates aerosolization to 
separate the drug from the carrier, allowing it to reach 
the deeper regions of the lungs. Within this formulation, 
the efficiency of drug delivery is heavily dependent on the 
balance of the adhesive inter-particulate forces (between 
the drug and excipient particles) compared to the cohesive 
forces among drug particles.7,8

Challenges such as improper mixing, non-uniform 
doses, and incompatibility between the drug and lactose 
monohydrate are the main complications associated with 
carrier-based DPI formulations.6,9-12 For example, research 
has demonstrated that drugs containing active functional 
groups (such as -NH, -OH, -COOH) can interact with 
the free carbonyl group of lactose monohydrate, leading 
to undesired chemical reactions and incompatibility.12-14 
Additionally, lactose intolerance in some individuals 
renders lactose monohydrate an unsuitable excipient 
for DPI formulations, as it can trigger hypersensitivity 
reactions.15 Moreover, developing carrier-based 
formulations is difficult for high-dose drugs (> 10–250 
mg) such as antibiotics and other drugs used in chronic 
obstructive pulmonary disease, cystic fibrosis, and 
tuberculosis.16-17 Consequently, there is a pressing need for 
alternative methods to address these limitations. One such 
method is carrier-free high-drug dose DPI systems.

Despite challenges such as potential agglomeration, 
handling issues, and limited flexibility in formulation 
options, these carrier-free DPI formulations are viable 

alternatives for some drugs. These formulations can be 
useful when enhanced drug loading is required, while they 
reduce the inhaler volume and potentially improve the 
drug deposition. Careful consideration and optimization of 
the formulation content and the manufacturing processes 
are necessary to realize the full potential of carrier-free 
DPIs while addressing the potential pitfalls, especially the 
potential agglomeration issues that may affect some drugs.

Over the past 20 years, advancements in pharmaceutical 
powder processing and manufacturing technology have 
facilitated the growth of DPI formations. In particular, 
the new technology can assist in developing the more 
challenging carrier-free DPIs. Various particle engineering 
techniques,18,19 process-controlled crystallizations,20 spray 
drying,21 spray freeze drying,22 jet milling methods,23 
and supercritical fluid technology24 to produce micro 
and nanoparticles can allow a diversity of drug particle 
morphology, size, and surface energy.  The diversity of 
the engineered powder products may be explored to 
overcome the formulation challenges and to enhance 
the performance of the carrier-free DPIs. A prevalent 
objective in designing carrier-free products is to diminish 
the inherent cohesion of particles while optimizing their 
dispersion and delivery from the inhaler. An additional 
consideration with particle designs is the physical stability 
of the powders which is also highly dependent on the 
choice of a particle manufacturing method. Concurrently, 
alongside the exploration of alternative formulations, 
strides have been made in engineering devices tailored to 
facilitate the effective delivery and dispersion of carrier-
free powder upon inhalation. Innovative inhaler device 
designs can enable ever-improving dose uniformity of the 
new carrier-free DPIs.

A key advantage of carrier-free DPI formulations lies 
in their potential to address the challenges associated 
with the carrier, such as its potential allergenic reactions, 
inconsistent dosing due to drug-carrier interactions, 
and limitations in drug loading capacity. By eliminating 
carrier(s), carrier-free DPI formulations offer the 
possibility of delivering higher concentrations of API per 
dose, reducing the overall volume of powder required 
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for effective treatment. This can lead to more compact 
and portable devices, enhancing convenience and patient 
adherence to therapy. Furthermore, carrier-free DPIs may 
improve drug deposition efficiency in the lungs, as they 
preclude carriers that may interfere with the dispersion 
and delivery of the API. Improved drug deposition results 
in more targeted and efficient drug delivery to the desired 
regions of the respiratory tract, leading to improved 
therapeutic outcomes.

In addition to these benefits, carrier-free DPIs are 
amenable to customization by fine-tuning the properties 
of the API particles, such as particle size, morphology, 
and surface characteristics. As a result, formulations can 
be tailored to specific patient needs and disease states. 
This also allows for personalized drug delivery that holds 
promise for optimizing treatment efficacy and minimizing 
adverse effects.

In conclusion, the future of carrier-free dry powder 
inhaler (DPI) formulations holds significant promise 
and potential for revolutionizing respiratory drug 
delivery. Unlike traditional DPI formulations, which 
rely on carriers such as lactose to disperse and deliver 
the active pharmaceutical ingredient (API), carrier-
free DPI formulations can deliver the drugs without the 
need for such additives. The future of carrier-free DPI 
formulations is bright, given the availability of advanced 
particle design and manufacturing technology, and, 
with continued research and innovation, it is poised to 
unlock new possibilities for improved respiratory drug 
delivery. As technology advances and our understanding 
of pulmonary drug delivery deepens, it can be expected 
to see increasingly sophisticated and effective carrier-free 
DPI formulations that offer enhanced therapeutic benefits 
and improved patient outcomes.

Author Contributions
Ali Nokhodchi: Conceptualization, Investigation, Writing 
- Original Draft. Ghafourian: Investigation, Writing - 
Review & Editing. 

Conflict of Interest
The authors report no conflicts of interest.

References
1.	 ht tps : / /w w w.spher ica l ins ig hts . com/rep or ts /

respiratory-inhalers-market. Accessed on May 2024.
2.	 Peng T, Lin S, Niu B, Wang X, Huang Y, Zhang X, et 

al. Influence of physical properties of carrier on the 
performance of dry powder inhalers. Acta Pharm Sin 
B. 2016;6:308-18. doi:10.1016/j.apsb.2016.03.011

3.	 Lee HJ, Lee HG, Bin Kwon Y, Kim JY, Rhee YS, et al. 
The role of lactose carrier on the powder behavior and 
aerodynamic performance of bosentan microparticles 
for dry powder inhalation. Eur J Pharm Sci. 
2018;117:279-89. doi:10.1016/j.ejps.2018.03.004

4.	 Leung SSY, Tang P, Zhou Q, Tong Z, Leung C, 
Decharaksa J, et al. De-agglomeration effect of the US 

pharmacopeia and Alberta throats on carrier-based 
powders in commercial inhalation products. AAPS J. 
2015;17:1407-16. doi:10.1208/s12248-015-9802-0

5.	 Jones MD, Price R. The influence of fine excipient 
particles on the performance of carrier-based 
dry powder inhalation formulations. Pharm Res. 
2006;23:1665-74. doi:10.1007/s11095-006-9012-7

6.	 Zhou QT, Morton DAV. Drug-lactose binding aspects 
in adhesive mixtures: controlling performance in 
dry powder inhaler formulations by altering lactose 
carrier surfaces. Adv Drug Deliv Rev. 2012;64:275-84. 
doi:10.1016/j.addr.2011.07.002

7.	 Varun N, Ghoroi C. Crystallization induced flower-
like lactose as potential carriers for dry powder 
inhaler application. Powder Technol. 2022;403:11739. 
doi:10.1016/j.powtec.2022.117391

8.	 Jones MD, Harris H, Hooton JC, Shur J, King GS, 
Mathoulin CA, et al. An investigation into the 
relationship between carrier-based dry powder 
inhalation performance and formulation cohesive-
adhesive force balances. Eur J Pharm Biopharm. 
2008;69:496-507. doi:10.1016/j.ejpb.2007.11.019

9.	 Huang Z, Xiong W, Kunnath K, Bhaumik S, Dav RN. 
Improving blend content uniformity via dry particle 
coating of micronized drug powders. Eur J Pharm Sci. 
2017;104:344-55. doi:10.1016/j.ejps.2017.04.012

10.	Monajjemzadeh F, Hassanzadeh D, Valizadeh H, 
Siahi-shadbad MR, Shahbazi J, Robertson TA, et 
al. Compatibility studies of acyclovir and lactose 
in physical mixtures and commercial tablets. Eur 
J Pharm Biopharm. 2009;73:404-13. doi:10.1016/j.
ejpb.2009.06.012

11.	Nokhodchi A, Larhrib H. Overcoming the undesirable 
properties of dry-powder inhalers with novel 
engineered mannitol particles. Therapeutic Del. 
2018;4:879-82. doi:10.4155/tde.13.64

12.	Gholizadeh-Hashjin A, Monajjemzadeh F, Ghafourian 
T, Hamishehkar H, Nokhodchi A. Compatibility 
study of formoterol fumarate-lactose dry powder 
inhalation formulations: Spray drying, physical 
mixture and commercial DPIs. J Drug Del Sci Technol. 
2024;5:105538. doi:10.1016/j.jddst.2024.105538

13.	Begat RP, Morton DAv, Shur J, Kippax P, Staniforth 
JN. The role of force control agents in high-dose dry 
powder inhaler formulations. J Pharm Sci. 2009;8:2770-
83. doi:10.1002/jps.21629

14.	Varun N, Dutta A, Ghoroi C. Influence of surface 
interaction between drug and excipient in binary 
mixture for dry powder inhaler applications. Adv 
Powder Technol. 2022;33:103443. doi:10.1016/j.
apt.2022.103443

15.	Robles J, Motheral L. Hypersensitivity reaction 
after inhalation of a lactose-containing dry powder 
inhaler. J Pediatr Pharmacol Ther. 2014;19:206-11. 
doi:10.5863/1551-6776-19.3.206

16.	Momin MAM, Tucker IG, Das SC. High dose dry 
powder inhalers to overcome the challenges of 



Future of Carrier-Free Dry Powder Inhaler Formulations

  Pharmaceutical Sciences, 2024, 30(3), 279-281  | 281

tuberculosis treatment. Int J Pharm. 2018;550:398-417. 
doi:10.1016/j.ijpharm.2018.08.061

17.	Handoko Adi DT, Young PM, Chan HK, Stewart P, 
Agus H. Cospray dried antibiotics for dry powder lung 
delivery. J Pharm Sci 2008;97:3356-66. doi:10.1002/
jps.21239

18.	Molina C, Kaialy W, Chen Q, Commandeur D, 
Nokhodchi A. Agglomerated novel spray-dried 
lactose-leucine tailored as a carrier to enhance the 
aerosolization performance of salbutamol sulfate from 
DPI formulations. Drug Del Trans Res 2018;8:1769-80. 
doi:10.1007/s13346-017-0462-8

19.	Kaialy W, Hussain T, Alhalaweh A, Nokhodchi 
A. Towards a more desirable dry powder inhaler 
formulation: large spray-dried mannitol microspheres 
outperform small microspheres. Pharm Res. 
2014;31:60-76. doi:10.1007/s11095-013-1132-2

20.	Bártová A, Gabriel R, Prudilová BB,  Otyepková 
E,  Malina L,  Otyepka M. Controlled nucleation of 
crystallization process as an efficient tool to tune the 

properties of corticosteroid API. Powder Technol. 
2022;402:117334. doi:10.1016/j.powtec.2022.117334

21.	Malamatari M, Charisi A, Malamataris S, Kachrimanis 
K, Nikolakakis I. Spray drying for the preparation of 
nanoparticle-based drug formulations as dry powders 
for inhalation. Processes. 2020;8:788. doi:10.3390/
pr8070788

22.	Silva A.S, Tavares M.T, Aguiar-Ricardo A. Sustainable 
strategies for nano-in-micro particle engineering for 
pulmonary delivery. J Nanoparticle Res. 2014;16:2602. 
doi:10.1007/s11051-014-2602-0

23.	Yazdi AK, Smyth HDC. Carrier-free high-dose 
dry powder inhaler formulation of ibuprofen: 
Physicochemical characterization and in vitro 
aerodynamic performance. Int J Pharm 2016;511:403-
14. doi:10.1016/j.ijpharm.2016.06.061

24.	Sun Y. Carrier free inhaled dry powder of budesonide 
tailored by supercritical fluid particle design. 
Powder Tech. 2016;304:248-60. doi:10.1016/j.
powtec.2016.07.036


