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ABSTRACT 
Orally administered pirfenidone in pulmonary fibrosis therapy induces numerous systemic adverse effects. This 
study aims to develop pirfenidone microparticles for pulmonary delivery to reduce the systemic adverse effects of 
pirfenidone. Ten formulations of pirfenidone microparticles were prepared using the spray drying method, including 
sodium carboxymethyl cellulose and sodium alginate as polymers, ammonium bicarbonate as porogen, and L-leucine 
as dispersing agent. These microparticles were evaluated using physicochemical characterization, stability, and in vitro 
cytotoxicity studies. The F10 formulation, which consisted of sodium alginate 1.0%, ammonium bicarbonate 0.3%, 
and L-leucine 0.4%, had the most relevant results for inhalation. The mass median aerodynamic diameters (MMADs) 
of F10 were 0.065, 0.597, 2.212, and 5.626 µm, ideal for deposition in the bronchiolar to the alveolar region. The 
stability study showed that the pirfenidone contents were 99.08%–100.00% and 98.83%–100.00%, with an increasing 
MMAD up to 5.895 and 6.273 µm at 30°C ± 2°C and 40°C ± 2°C, respectively. The in vitro cytotoxicity study 
revealed that the pulmonary epithelial cells (A549 cells) were less sensitive to the excipients in the formulation than 
pirfenidone (p = 0.018). Furthermore, F10 caused significantly lower interleukin-6 release than pirfenidone (p < 0.05). 
In conclusion, F10 shows suitable characteristics for pulmonary pirfenidone delivery in pulmonary fibrosis therapy.

INTRODUCTION
Pirfenidone, an anti-inflammation, antioxidant, and 

antifibrotic drug, is used in treating pulmonary fibrosis, such as 
idiopathic pulmonary fibrosis (IPF) (Canestaro et al., 2016). IPF 
is a progressive, chronic, age-related interstitial lung disease. It 
is expected to increase as the population ages, with an average 
untreated life expectancy of 3–5 years after diagnosis (Spagnolo 
et al., 2021). Pirfenidone has also been studied in clinical trials 
to treat post-COVID-19 pulmonary fibrosis (Bazdyrev et al., 
2021), reported in patients with severe and moderate COVID-19 
based on artificial intelligence analysis (Halawa et al., 2021). A 
meta-analysis study concluded that about 44.9% of COVID-19 

survivors appear to have developed pulmonary fibrosis, which 
may mainly persist over time (Hama Amin et al., 2022). Fibrosis 
causes stiffness in the walls of the alveolus, which reduces the 
lungs’ functional capacity and disrupts the respiratory process. A 
persistent decline in lung function can be fatal (Martinez et al., 
2017; Spagnolo et al., 2021).

In the current treatment of pulmonary fibrosis, 
pirfenidone is taken orally in high doses (up to 2,403 mg/day) 
(Sayf, 2021). However, this route could lead to therapeutic 
discontinuation due to systemic adverse effects, including 
photosensitivity, gastrointestinal problems, anorexia, tiredness, 
and dizziness (Lancaster et al., 2017). Consequently, numerous 
studies have been conducted to identify an alternative route for 
pirfenidone administration. Delivering pirfenidone to the lungs 
through pulmonary delivery could reduce systemic exposure 
and subsequently reduce its adverse effect (Khoo et al., 2020). 
Pulmonary delivery also offers other benefits, such as reducing 
drug doses, duration, and the cost of the therapy (Putri et al., 2022).
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In this study, pirfenidone was designed to be delivered 
in solid microparticles due to better stability under storage 
conditions (Putri et al., 2022). Pirfenidone microparticles should 
have an aerodynamic diameter of 1–5 µm to be deposited in the 
bronchiolar to the alveolar region where the pulmonary fibrosis 
occurs. Particles should not be larger than 5 µm because they 
would deposit in the upper respiratory tract or smaller than 0.5 
µm as they would be exhaled during exhalation (Chaurasiya and 
Zhao, 2020). The spray drying method offers the best approach 
to obtaining microparticles with an aerodynamic diameter of 1–5 
µm. It produces controlled and reproducible particles with specific 
physicochemical properties by modifying the process parameters 
and particle formulation (Gallo and Bucalá, 2019).

Excipients used in pulmonary delivery should be 
nontoxic to the lungs, facilitate drug preparation and delivery, 
and prevent drug degradation (Surini et al., 2019). Sodium 
carboxymethyl cellulose (Na CMC) and sodium alginate (Na Ag) 
were generally recognized as safe polymers and are extensively 
studied as drug carriers in microparticles for inhalation. 
Therefore, Na CMC and Na Ag were used in this study. Previous 
studies revealed that Na CMC could improve the aerosolization 
efficiency of microparticles, prolong drug residence time due to 
its mucoadhesive properties, decrease mucociliary clearance, and 
increase drug absorption across pulmonary epithelia (Gallo and 
Bucalá, 2019; Xu et al., 2014). A combination of Na CMC and Na 
Ag produced inhalable hydrogel microparticles with a prolonged 
elimination half-life (Shahin et al., 2019). Ammonium bicarbonate 
was added to the formulation as porogen, and it had a blowing 
effect that could produce large particles with a small aerodynamic 
diameter (Ni et al., 2017). L-leucine was also added as a dispersing 
agent. It reduces interparticle force, thus decreasing cohesiveness 
and increasing the dispersibility of the microparticles (Alhajj  
et al., 2021).

This study aimed to develop pirfenidone microparticles 
for pulmonary delivery to target pulmonary fibrosis. The 
pirfenidone microparticles consisting of Na CMC and Na Ag, 
ammonium bicarbonate, and L-leucine were prepared using the 
spray drying method. The obtained microparticles were physically 
and chemically evaluated. A stability study was also conducted at 
30°C ± 2°C and 40°C ± 2°C. Furthermore, an in vitro cytotoxicity 
study against the pulmonary epithelial cells (A549 cells) was also 
performed to assess the microparticles’ safety.

MATERIALS AND METHODS

Materials
Materials used in this study were pirfenidone and 

L-leucine (Accela Chembio, China), Na CMC (Shandong Head, 
China), Na Ag (Shandong Jiejing, China), ammonium bicarbonate 
(PT. Smart Lab, Indonesia), and other chemicals of analytical 
grade.

Methods

Preparation of pirfenidone microparticles
Pirfenidone microparticles were prepared using the spray 

drying method with a B-290 Mini Spray Dryer with a 0.7 mm 
nozzle size (BÜCHI, Germany). The formulations are presented 
in Table 1. Na CMC and Na Ag, pirfenidone, and L-leucine were 
dissolved separately in sufficient water. Moreover, Na CMC and 

Na Ag were dissolved by stirring in hot water (70°C ± 5°C) until 
completely swelled, hydrated, and the solution was cooled down 
to room temperature (25°C ± 2°C). The solution of pirfenidone and 
L-leucine was then added, followed by ammonium bicarbonate 
powder for a maximum of 5 minutes before spray drying (Chvatal 
et al., 2019). The final solutions were then tested for viscosity 
using a rotational viscometer (Cole-Parmer, USA).

All formulations were spray-dried at 110°C of inlet 
temperature, 100% of aspiration (35 m3/hour), 15% (2–5 ml/
minute) of solution feed rate, and 44 mm spray airflow rate. The 
final spray-dried powders were collected, weighed, and preheated 
in the oven at 55°C ± 5°C until a moisture content of 3%–5% 
was obtained. The % process yield was calculated by dividing the 
amount of the powder collected by the solid content in the feed 
solution (Surini and Khotima, 2020). All microparticles were then 
stored in a desiccator at room temperature.

Microparticles morphology
The morphology of the microparticles was observed 

using a scanning electron microscope (JEOL JSM-IT200, JEOL, 
Japan). Microparticles were spread on the surface of the sample 
holder and then coated with gold particles using a fine particle 
coater. The morphology was visualized under 3.000–10.000× 
magnification (Surini et al., 2018).

Drug content (DC) and entrapment efficiency (EE)
The pirfenidone content in the microparticles was 

evaluated by dissolving the pirfenidone microparticles, equivalent 
to 10 mg of pirfenidone, in a phosphate buffer at a pH of 7.4 
(Pardeshi et al., 2020). The sample solution was diluted and 
analyzed using a spectrophotometer at 311 nm (UV-Vis 1900i, 
Shimadzu, Japan). DC and EE were evaluated in triplicate and 
calculated using the following equation:

DC =
The actual pirfenidone content in the microparticles (mg)

The microparticles weight (g)
.

EE =
The actual pirfenidone content in the microparticles (mg)

× 100%.
The theoretical pirfenidone content in the formulation (mg)

Table 1. Formulation of pirfenidone microparticles.

Formulation
Composition (g/100 ml)

Pirfenidone Na 
CMC

Na 
Ag

Ammonium 
bicarbonate L-leucine

F1 0.1 1.0 0.0 0.2 0.4

F2 0.1 1.0 0.0 0.3 0.4

F3 0.1 0.5 0.5 0.2 0.4

F4 0.1 0.5 0.5 0.3 0.4

F5 0.1 0.7 0.3 0.2 0.4

F6 0.1 0.7 0.3 0.3 0.4

F7 0.1 0.3 0.7 0.2 0.4

F8 0.1 0.3 0.7 0.3 0.4

F9 0.1 0.0 1.0 0.2 0.4

F10 0.1 0.0 1.0 0.3 0.4
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In vitro drug release study
An in vitro drug release study was performed in two 

dissolution mediums: a solution of phosphate buffer with sodium 
dodecyl sulfate 0.05% at pH 7.4 as a simulated lung fluid and a 
solution of potassium hydrogen phthalate 0.02 M at pH 4.5 as a 
simulated macrophage fluid (Surini et al., 2019). The pirfenidone 
microparticles equivalent to 5 mg of pirfenidone were put in 30 ml 
of dissolution media (Olsson et al., 2011). During the dissolution 
study, all samples were maintained at 37°C ± 1°C with a stirring 
speed of 100 rpm. Then, 6 ml of the sample was withdrawn at 
predetermined intervals of 15, 30, 60, 90, 120, 180, and 240 
minutes, and the same volume of fresh buffer was added to the 
dissolution chamber. The samples were filtered using a 0.45 µm 
filter and measured at 311 nm (Pardeshi et al., 2020) using a 
spectrophotometer (UV-Vis 1900i, Shimadzu, Japan).

Microparticles density 
The density of microparticles was represented by the 

tapped density (Ungaro et al., 2010) and was measured using 
tapped density tester (Erweka, Germany). Microparticles were 
loaded into a 5 ml cylindrical container. The volume of the 
microparticles was recorded after 1,250 taps. The tapped density 
was calculated using the following equation:

Tapped density =
Microparticles weight (g)

Microparticles volume after 1,250 taps (ml)
.

Microparticles size
The geometric particle size was measured using a particle 

size analyzer (Beckman Coulter LS 100Q, Beckman Coulter, 
USA). Moreover, the aerodynamic particle size was analyzed 
using a cascade impactor (Andersen, Japan) and expressed as 
median aerodynamic diameter (MMAD), obtained from impactor 
data processing software (Diaz et al., 2015). 

Stability study
A stability study of pirfenidone microparticles was 

conducted at 30°C ± 2°C and 40°C ± 2°C. The evaluation was 
performed at the initial study and at the 6th, 12th, and 24th weeks 
for the DC in the pirfenidone microparticles. The MMAD was also 
evaluated at the initial study and the 6th and 12th weeks of storage.

In vitro cytotoxicity study
Cytotoxicity of microparticles was studied against 

the human pulmonary epithelial cells (A549 cells). Cells were 
suspended in RPMI-1640 medium supplemented with fetal 
bovine serum and penicillin-streptomycin. Cells were incubated 
for 24 hours at 37°C and CO2 5%. Samples used in this study 
were nonmedicated microparticles (excipients), pirfenidone, and 
the chosen formulation. Each sample was added in triplicate, 
and samples and the cells were then incubated for 24 hours. 
Afterward, 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 
bromide (MTT) was added to the well, and the incubation was 
continued for 4 hours. Ethanol 70% was added to the well before 
measuring the optical density (OD) at 595 nm using a microplate 
reader. The viable cells were calculated using the following 
equation:

% cell viability =
OD of samples

× 100%.
OD of control

Pirfenidone and the chosen formulation were further 
studied to observe their impact on releasing the proinflammatory 
cytokine, namely, interleukin-6 (IL-6), from the A549 cell 
line. There were two concentrations used in this study: the first 
concentration was below the inhibitory concentration at 50% 
(IC50); the second was equivalent to the IC50 from the MTT results. 
The samples and the A549 cells were incubated for 24 hours 
at 37°C with 5% CO2. Then, the cells were lysed before being 
centrifuged to collect the supernatant. The samples were prepared 
following the supplier’s protocol for the human IL-6 ELISA kit. A 
microplate reader was used to measure the color intensity at 450 
nm. The concentrations of IL-6 in each sample were calculated 
by interpolation from the standard curve (MilliporeSigma, 2018).

Statistical analysis
Statistical analysis in IBM Statistical Package for the 

Social Sciences Statistic 22 was performed to determine the 
significant differences between samples using a t-test for normally 
distributed data and Mann–Whitney for non-normally distributed 
data. A p value of <0.05 was considered significant.

RESULTS AND DISCUSSION

Preparation of pirfenidone microparticles
Before starting the spray drying process, the viscosity 

of the formulation was measured to ensure that all formulations 
were feasible to be sprayed. Theoretically, the higher the solid 
content in the formulations’ solution, the higher the viscosity of 
the solution. Therefore, only formulations with the higher solid 
content, which was 1.8%, were measured for viscosity: F2, F4, F6, 
F8, and F10. Those formulations showed a viscosity below 400 
cps, as shown in Table 2. Thus, all the pirfenidone microparticle 
formulations could be processed by spray drying.

The spray drying method produced fine white powder 
microparticles, as illustrated in Figure 1. The process yield ranged 
from 53.30% to 60.00%. Based on Table 2, an inverse correlation 
was observed between viscosity and process yield. The process 
yield was significantly higher in the formulations with a single 
polymer than that in the formulations with two kinds of polymers 
(p = 0.001). The viscosity of the formulations influenced the 
atomization process, which impacted the size of droplets and 
drying time. The higher the viscosity, the larger the droplet size. As 
a result, a longer drying time was required. Droplets that were not 
completely dry would adhere to the walls of the drying chamber, 
forming a wet mass and lowering the process yield (Alhajj et al., 
2021; Esposito et al., 2020). A higher process yield could be 
obtained by increasing the batch and spray dryer sizes, which had 
higher process efficiency (Gawałek, 2021; Nekkanti et al., 2009).

Pirfenidone microparticles had a moisture content 
between 6.26% and 8.74% after spray drying, as shown in Table 
3. Formulation with Na Ag had the highest moisture content due 
to the higher hygroscopicity of Na Ag compared to Na CMC. The 
drying process was continued until a moisture content of 3%–5% 
to achieve better formulation stability. The reduction of moisture 
content could also lead to the reduction of particle density, thus 
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enhancing the particles’ aerosolization performance (Shahin et al., 
2019).

Microparticles morphology
As presented in Figure 2, pirfenidone microparticles 

exhibited wrinkled raisin-like surfaces and dented microparticles. 
No significant differences were observed on microparticles 
with different drug carriers, such as Na CMC in Figure 2A, 
the combination of Na CMC and Na Ag in Figure 2B, and Na 
Ag in Figure 2D. The different concentrations of ammonium 
bicarbonate, as in Figure 2C (0.2%) and 2D (0.3%), also did not 
cause significant differences in the morphology of the particles. 
Generally, polysaccharide microparticles have wrinkled surfaces 
due to the rapid loss of water molecules bound to the hydrophilic 
polymer during drying at high temperatures (Gallo et al., 2017; 
Surini et al., 2009). 

L-leucine was added to the formulation as dispersing 
agent. It improves microparticle aerosolization by reducing 
hygroscopicity, increasing dispersibility, or altering the 
microparticle surface morphology (Wang et al., 2021). The 
addition of L-leucine to the formulations increased the surface 
roughness, resulting in more dented or crumpled microparticles 

than those in the formulation without L-leucine, as in Figure 2E 
(Chvatal et al., 2019). Those irregular shape microparticles had 
lower interparticle force and thus exhibited better aerodynamic 
properties than smooth and spherical microparticles (Alhajj et al., 
2021). L-leucine, a nonpolar aliphatic amino acid with surface-
active characteristics in aqueous solutions, will likely accumulate 
at an air-solvent interface (Simon et al., 2016). It quickly reached 
supersaturation during drying and would solidify before the 
droplet thoroughly dried, forming low-density hollow particles 
(Alhajj et al., 2021). L-leucine on the droplet surface could not 
flow as rapidly as the particle shrinks when the solvent evaporated 
(Péclet number > 1); hence, the L-leucine surface layer collapsed, 
resulting in dented or crumpled particles. The degree of the 
crumpled particles was determined by the L-leucine mass fraction 
in the formulation (Simon et al., 2016). 

DC and EE
DC calculated pirfenidone concentration on the powder, 

while EE calculated the actual percentage of pirfenidone loaded 
within microparticles compared to the initial one. Pirfenidone 
microparticles had DC ranging from 51.76 to 58.97 mg/g 
microparticles and EE of 77.64%–88.46%. Based on Table 4, the 
trend suggested that Na CMC had positive values on DC and EE. 
Formulation with Na CMC (F1 and F2) had significantly higher 
DC than the formulation with Na Ag (F9 and F10), with p values of 
<0.001 and 0.001, respectively. A similar trend was also observed 
in the EE. F1 had significantly higher EE than F9 (p < 0.001), and 
so did F2 than F10 (p = 0.001).

In the spray drying process, the solvent evaporation rate 
determined the drug entrapment within the polymeric particles. 
The drying process was faster in the formulations with Na CMC 
than those with Na Ag. This was indicated by the lower moisture 
content after spray drying in the formulations with Na CMC than 
that in the formulations with Na Ag, as shown in Table 3. During 
solvent evaporation, the droplets would shrink and subsequently 
dictate the arrangement of the solutes on the surface and the 
center of the particles. The faster the drying process, the faster 
the polymer precipitation, which limited drug diffusion across the 
phase boundary, thus increasing the EE (Mishra and Mishra, 2011; 
Shahin et al., 2019).

Table 2. The viscosity and process yield of pirfenidone microparticle 
formulations.

Formulation Viscosity (cps)a Process yield (%)

F1 NA 57.30

F2 202.87 ± 1.78 58.70

F3 NA 53.30

F4 222.3 ± 1.61 53.30

F5 NA 53.30

F6 222.83 ± 1.61 55.00

F7 NA 55.00

F8 237.40 ± 0.92 55.60

F9 NA 57.30

F10 207.97 ± 0.87 60.00

NA: Not analyzed.
aValues are represented as mean ± standard deviation (n = 3).

Figure 1. The physical appearance of pirfenidone microparticles: Formulation 1 
(F1) to Formulation 10 (F10).

Table 3. Moisture content of pirfenidone microparticles.

Formulation
Moisture content (%)

After spray 
drying After heating in the oven (55°C ± 5°C)

F1 6.45 4.41

F2 6.95 4.43

F3 6.57 3.84

F4 6.83 3.59

F5 6.26 4.34

F6 6.65 4.52

F7 7.22 4.62

F8 7.18 4.49

F9 8.09 4.82

F10 8.74 4.82
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In vitro drug release study 
Figures 3 and 4 present the dissolution profile of 

pirfenidone microparticles. Pirfenidone had a higher dissolution 
rate in the simulated lung fluid (94.33% ± 0.43% in 90 minutes) 
than in the simulated macrophage fluid (79.79% ± 1.51% in 90 
minutes). This is attributed to the higher solubility of pirfenidone 
in the simulated lung fluid (±8.8 mg/ml) than that in the simulated 
macrophage fluid (±8.6 mg/ml). Furthermore, the addition of 
sodium dodecyl sulfate in the simulated lung fluid could increase 

pirfenidone solubility. The dissolution profile of pirfenidone 
differed from that of pirfenidone microparticles in both mediums 
(p < 0.05), which was due to the presence of excipients in the 
microparticles. 

In the 120-minute study, all formulations of pirfenidone 
microparticles had reached a cumulative release of 80% or 
more in both dissolution mediums. It indicated that high 
pirfenidone concentrations were available within 120 minutes 
from all formulations. In lung parenchyma, pirfenidone inhibits 
transforming growth factor -β, produced by various cells during 
epithelial damage. Pirfenidone also reduces the number of alveolar 
macrophages and the macrophage inflammatory activity induced 
by cytokines like IL-1, tumor necrosis factor, and platelet-derived 
growth factor (Ruwanpura et al., 2020).

Microparticles density
The densities of pirfenidone microparticles are presented 

in Table 5. Pirfenidone microparticles had a density of 0.308–
0.373 g/ml. This indicates that pirfenidone microparticles had low 
mass density. Those particles had good aerodynamic properties, 
making them suitable for pulmonary delivery. A study showed 
that relatively large particles with a diameter of more than 5 µm 
and low mass density (<0.4 g/cm3) can be successfully inspired 
into the lungs and have excellent aerosolization properties (Shahin 
et al., 2021).

Microparticles size
Pirfenidone microparticles had a median geometric 

particle size ranging from 2.761 to 4.172 µm with a span value 
of more than 1.5, which indicated large particle size distribution 
(Shahin et al., 2019). Pirfenidone microparticles mainly consisted 
of microparticles ranging from 1 to 5 µm (p < 0.001), as shown in 
Table 6. Particle size affected the deposition site of microparticles 
in the lung. Microparticles with a diameter smaller than 5 µm could 
deposit in the bronchiolar to the alveolar regions (Chaurasiya and 
Zhao, 2020). Thus, pirfenidone microparticles were predicted to 
be deposited mainly in those regions. 

However, even though particles of 1–3 µm size were 
deposited maximally in the alveolar region, they were prone 
to be engulfed faster by alveolar macrophages. Phagocytosis 
diminished with increasing particle size beyond 2–3 μm (Edwards 
et al., 1998). Another study revealed that maximal phagocytosis 
took place when the particle size was in the range of 1.0–2.0 
μm. Macrophages appear to be able to distinguish the size of 
foreign materials adhering to them (Tabata and Ikada, 1988). The 
phagocytosis depended greatly on the particle size and the number 
of particles. A study showed that the population of rat alveolar 
macrophages that phagocytosed 1 or 3 µm rifampicin-loaded 
poly(lactic-co-glycolic) acid (PLGA) particles was larger than 
that of those phagocytosed 6 or 10 µm particles. This is likely 
due to the limited size of macrophages (around 15 µm) that will 
phagocytose more particles that are smaller in size (Hirota et al., 
2007). 

Based on the previous description, 1–3 µm pirfenidone 
microparticles were also prone to be engulfed faster to some 
extent. However, Na CMC and Na Ag were hydrophilic polymers 
that could swell when encountered with liquid. A study showed 

Figure 2. Morphology of pirfenidone microparticles: Formulation 2 (A), 
Formulation 4 (B), Formulation 9 (C), Formulation 10 (D), formulation without 
L-leucine (E) (A–D: 10.000× magnification, E: 3.000× magnification).

Table 4. DC and EE of pirfenidone microparticles.

Formulation DC (mg/g microparticles) EE (%)

F1 58.97 ± 0.27 88.46 ± 0.41

F2 58.04 ± 0.13 87.06 ± 0.19

F3 53.56 ± 0.11 80.34 ± 0.17

F4 53.61 ± 0.11 80.42 ± 0.16

F5 53.72 ± 0.29 80.58 ± 0.43

F6 55.17 ± 0.31 82.76 ± 0.47

F7 53.60 ± 0.39 80.40 ± 0.58

F8 53.50 ± 0.29 80.25 ± 0.43

F9 51.76 ± 0.17 77.64 ± 0.25

F10 53.90 ± 0.23 80.85 ± 0.34

All values are represented as mean ± standard deviation (n = 3).



Hasyyati et al. / Journal of Applied Pharmaceutical Science 13 (09); 2023: 095-105100

that microparticles formulated with Na CMC and Na Ag could 
swell up to six times their original weight during the first hour 
of incubation with the simulation lung fluid. This rapid increase 
in size was expected to reduce uptake by alveolar macrophages 
and significantly increase the residence time of microparticles 
in the lung (Shahin et al., 2019). As a result, all pirfenidone 
microparticle formulations had the potency to deposit in the lung 
and to be engulfed slower by alveolar macrophages.

Table 7 shows the aerodynamic diameter of pirfenidone 
microparticles. The aerodynamic diameter was a fundamental 
factor in determining particle deposition in the lungs. It considered 
factors such as apparent particle density and dynamic particle 
shape that affect the aerosolization of particles during inhalation 
(Yoshida et al., 2020). Aerodynamic diameter is presented as 
MMAD, defined as the diameter at the midpoint of microparticle 
frequency distribution where 50% of particles were larger and 
50% of particles were smaller than the stated diameter value of 
MMAD (Mahmoud et al., 2018). Pirfenidone microparticles 
had multimodal distribution indicated by more than one value of 
MMAD. It illustrated the polydispersity and broad particle size 
distribution that were reflected in the particle deposition profiles 
in the cascade impactor stages. 

Pirfenidone microparticles had an MMAD ranging 
from 0.055 to 12.417 µm with a geometric standard deviation 
(GSD) of 1.259–3.981. They were mainly distributed in stages 

0–2 of the cascade impactor (p < 0.001). Particles trapped in 
those stages ranged in size from 4.7 to 14 µm. Meanwhile, 
around 19.20%–43.95% were trapped on stage 3 to filter (0.01–
4.7 µm). Microparticles with an MMAD of more than 6 µm 
would deposit in the tracheal region due to inertial impaction. 
Meanwhile, microparticles with an MMAD around 2–5 µm would 
deposit in the bronchiolar region due to sedimentation. Smaller 
microparticles less than 2 µm would deposit in the alveolar region 
due to diffusion (Chaurasiya and Zhao, 2020).

Figure 3. The dissolution profile of pirfenidone microparticles in phosphate 
buffer and sodium dodecyl sulfate 0.05% (pH 7.4): Formulation 1 (F1) to 
Formulation 10 (F10). All values are presented as mean ± standard deviation 
(n = 3).

Figure 4. The dissolution profile of pirfenidone microparticles in potassium 
hydrogen phthalate 0.02 M (pH 4.5): Formulation 1 (F1) to Formulation 10 
(F10). All values are presented as mean ± standard deviation (n = 3).

Table 5. The density of pirfenidone microparticles.

Formulation Particles’ density (g/ ml)

F1 0.339 ± 1.695

F2 0.339 ± 1.695

F3 0.364 ± 1.818

F4 0.345 ± 1.195

F5 0.370 ± 1.852

F6 0.313 ± 1.563

F7 0.313 ± 1.563

F8 0.308 ± 1.539

F9 0.351 ± 1.755

F10 0.373 ± 1.083

All values are represented as mean ± percentage relative standard deviation  
(n = 3).
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Among those formulations, F10 showed the smallest 
MMADs, which were 0.065, 0.597, 2.212, and 5.626 µm. 
Furthermore, the mass distribution in stage 3 to filter was higher than 
that of other formulations. It was predicted that F10 microparticles 
would deposit more in the bronchial to the alveolar region than those 
in the other formulations with larger MMADs. An in vivo study of 
pirfenidone respirable powder with bigger particle size, geometric 
size of 7 µm, which is mainly distributed in cascade impactor stages 0 
and 1, showed suppressing antigen-evoked pulmonary inflammation 
in male Sprague–Dawley rats after intratracheal insufflation. It also 
had 90–130-fold less exposure to the skin and eye compared to the 
oral phototoxic pirfenidone dose (Onoue et al., 2013). These data 
showed that F10 had the potency to be delivered to the lower airway 
region, reduced pirfenidone systemic exposure, and suppressed 
inflammation in the lung tissue despite having the largest MMAD of 
5.626 µm. Thus, F10 was selected as the lead formulation.

The effect of ammonium bicarbonate concentration 
could be observed in F9 and F10, which used Na Ag as the drug 
carrier. The addition of ammonium bicarbonate concentration 
decreased the MMAD but not the geometric diameter. The 
largest MMAD on F9 was 10.740 µm; meanwhile, the largest 
MMAD on F10 was 5.626 µm. The decomposition of ammonium 
bicarbonate during drying caused the droplets to enlarge and 
lose density. Consequently, microparticles possessed greater 
geometric diameters but smaller aerodynamic diameters  
(Ni et al., 2017). However, this effect could not be seen in other 
formulations, possibly due to the low variability in ammonium 
bicarbonate concentration and the error associated with individual 
measurements, which could influence these outcomes. 

Stability study
The stability study was conducted on F10 as the lead 

formulation. There were no significant changes in pirfenidone 
content during the stability study (week 0 vs. week 24) at room 
temperature (p = 0.161) and accelerated conditions (p = 0.079), as 
shown in Table 8. The pirfenidone content ranged from 100.00% to 
99.08% at room temperature (30°C ± 2°C) and 100.00% to 98.83% 
at accelerated conditions (40°C ± 2°C). However, the MMADs 
results showed an increasing trend up to 5.895 and 6.273 µm at 
30°C ± 2°C and 40°C ± 2°C, respectively. This might be due to 
the aggregation of microparticles. The over-dented microparticles 

could form mechanical interlocking between the particles, thus 
promoting particle aggregation (Wang et al., 2021). 

In vitro cytotoxicity study
The human epithelial cell line (the A549 cells) was 

incubated with nonmedicated microparticles (excipients), 
pirfenidone, and pirfenidone microparticles (F10). F10 was precisely 
weighted, equivalent to the pirfenidone concentration used in this 
study. The powder concentration of F10 was 0–18,500 µg/ ml. As 
illustrated in Figure 5, the cell viability decreased as the concentration 
of nonmedicated microparticles increased. The nonmedicated 
microparticles swelled and absorbed the culture media, negatively 
impacting cell viability (Shahin et al., 2019). Moreover, when 
dissolved in the growth medium, the nonmedicated microparticles 
formed a viscous solution that hindered the cells’ attachment to the 
well during cell division time, thus lowering the cells’ viability (Chary 
et al., 2022). A similar trend was also observed when cells were 
incubated with different pirfenidone concentrations. The A549 cell 
viability decreased with increasing the concentration of pirfenidone. 
The decrease of the A549 cells’ viability was significantly lower when 
incubated with nonmedicated microparticles than that incubated 
with pirfenidone at a sample concentration of up to 1,000 μg/ml (p 
= 0.018). This indicated that the A549 cell was less sensitive to the 
nonmedicated microparticles (excipients) than pirfenidone. 

Cell viability decreased when incubated with F10 due to 
the accumulation of nonmedicated microparticles (excipients) and 
pirfenidone effects on the A549 cells. As the F10 concentration 
increased, the cell viability decreased significantly compared to 
that of the nonmedicated microparticles at a sample concentration 
of up to 1,000 µg/ml (p < 0.001). Compared to pirfenidone, the 
cells’ viability decreased significantly at a sample concentration of 
up to 125 µg/ml (p = 0.001). Based on the cell viability data, the 
IC50 of the samples was then calculated. The results showed that 
the IC50 of nonmedicated microparticles (excipients), pirfenidone, 
and F10 were 1,185.63, 685.76, and 437.58 µg/ml, respectively.

The impacts of pirfenidone and F10 on releasing 
proinflammatory cytokines, namely, IL-6, were also studied. 
IL-6 is a proinflammatory cytokine that increases the number and 
activity of immune cells, such as leukocytes and neutrophils, in the 
lung area. It was secreted as part of the immune system to eliminate 
foreign materials that entered the lung, including microparticles. 

Table 6. Geometric diameter of pirfenidone microparticles.

Formulation
Particle size (µm)

Span
Particle size distribution (%)

Dv10% Dv50% Dv90% 1 to less than 5 µm 5 to less than 10 µm

F1 1.277 3.682 7.810 1.774 61.65 31.37

F2 1.244 3.725 7.491 1.677 62.12 30.08

F3 0.904 3.472 7.843 1.999 56.70 29.03

F4 1.197 3.278 7.184 1.826 67.36 24.45

F5 1.071 4.172 8.870 1.869 51.46 35.41

F6 1.140 3.889 8.296 1.840 56.89 31.84

F7 1.013 3.106 6.819 1.869 66.75 21.67

F8 1.008 2.854 6.586 1.954 69.56 18.76

F9 0.956 2.761 6.300 1.936 70.02 17.33

F10 1.030 2.832 6.540 1.946 69.11 15.18 
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Excessive activity of immune cells can cause damage to lung cells, 
which can lead to various diseases, including pulmonary fibrosis 
(Kim et al., 2017). 

Based on the MTT results, pirfenidone concentrations 
used in this study were 300 and 690 µg/ml. Meanwhile, F10 
concentration was calculated based on the pirfenidone content, 
which was 300 µg/ml (equivalent to 5,550 µg/ml powder) and 
440 µg/ml (equivalent to 8,140 µg/ml powder). Figure 6 shows 
the IL-6 release from the A549 cells. The control cells released 
IL-6 at 8,057 ± 271 pg/ml for 24 hours. IL-6 has dual functions 
in cells, one of which is to prevent apoptosis in type 2 alveolar 

cells (She et al., 2021). The A549 cells have morphological and 
biochemical similarities with type 2 alveolar cells (Acosta et al., 
2016), so releasing IL-6 from control cells was likely to prevent 
cell apoptosis.

The concentration of IL-6 released from the A549 cells 
was significantly lower when incubated with F10 than when 
incubated with pirfenidone at a sample concentration of 300 µg/
ml (p < 0.001). A similar result was also obtained when cells were 
incubated with 690 µg/ml of pirfenidone and 440 µg/ml of F10 
(p = 0.004). This indicates that A549 cells were less sensitive to 
F10 than pirfenidone. Moreover, compared to the control cells, 

Table 7. Aerodynamic diameter of pirfenidone microparticles.

Formulation
Particle size Mass distribution in ACI (%)

MMAD (µm) GSD Stages 0 to 2 Stage 3 to filter

F1

2.208 3.219

75.79% 24.21%2.632 1.391

8.145 1.723

F2

0.601 1.399

77.51% 22.49%6.343 1.695

10.889 1.279

F3

0.655 1.502

70.62% 29.32%3.642 1.286

9.243 1.707

F4

0.609 1.351

80.80% 19.20%1.580 2.319

7.725 1.700

F5

0.459 1.407

76.81% 23.19%
1.710 1.261

4.924 1.413

12.417 1.263

F6

2.729 1.784

80.73% 19.27%4.523 1.302

11.695 1.391

F7

0.055 2.398

65.14% 34.86%
1.072 2.257

4.484 2.062

11.508 1.259

F8

0.406 1.360

59.55% 40.45%
1.889 1.260

4.022 1.326

10.593 1.581

F9

0.448 1.280

57.44% 42.56%
1.591 1.260

4.004 1.354

10.740 1.608

F10

0.065 2.097

56.05% 43.95%
0.597 1.259

2.212 3.981

5.626 1.863

ACI: Andersen cascade impactor; MMAD: mass median aerodynamic diameter; GSD: geometric standard deviation.



Hasyyati et al. / Journal of Applied Pharmaceutical Science 13 (09); 2023: 095-105 103

F10 at a concentration of 300 µg/ml could inhibit the release of 
IL-6 from A549 cells, as indicated by significantly lower IL-6 
release (p = 0.019). IL-6 plays a role in inducing macrophages 
into a hyperfibrotic phenotype, inducing fibroblast proliferation, 
and increasing collagen synthesis (She et al., 2021). Therefore, 
F10 also has the potential to reduce the progression of IPF. Further 
in vivo studies are warranted to assess the safety and efficacy of 
pirfenidone microparticles since in vitro toxicity studies could be 
affected by many factors. As a result, in vitro studies sometimes 
showed little correlation with in vivo studies (Sayes et al., 2007). 

CONCLUSION
Pirfenidone microparticles prepared using the spray 

drying method have been developed for pulmonary delivery. 
The lead formulation of pirfenidone microparticles (F10) 
consisted of Na Ag 1.0%, ammonium bicarbonate 0.3%, and 
L-leucine 0.4%. F10 had an irregular shape and low density 
(0.373 ± 1.083% g/ml) with MMADs of 0.065, 0.597, 2.212, 
and 5.626 µm. Furthermore, F10 had the highest percentage 
of particles smaller than 4.7 µm. Those characteristics 
were ideal for deposition in the bronchiolar to the alveolar 

Table 8. Stability study of F10.

Time (week) Storage condition DC (%)a
Particle size

MMAD (µm) GSD

Initial - 100.00 ± 0.00

0.065 2.097

0.597 1.259

2.212 3.981

5.626 1.863

6th

30°C ± 2°C 99.46 ± 0.42

0.054 1.595

0.559 1.276

0.733 1.454

5.895 1.695

40°C ± 2°C 99.80 ± 0.82

0.064 3.857

0.660 1.391

1.179 1.259

6.273 1.747

12th

30°C ± 2°C 99.08 ± 0.28
0.634 1.328

5.574 1.785

40°C ± 2°C 98.97 ± 0.11

0.598 1.259

0.728 1.387

5.861 1.810

24th 
30°C ± 2°C 99.24 ± 0.61 NA NA

40°C ± 2°C 98.83 ± 0.61 NA NA

MMAD: mass median aerodynamic diameter; GSD: geometric standard deviation; NA: not analyzed.
aValues are represented as mean ± standard deviation (n = 3).

Figure 5. The A549 cell viability (%) after being exposed to nonmedicated 
microparticles, pirfenidone, and pirfenidone microparticles (F10). All values are 
presented as mean ± standard deviation (n = 3).

Figure 6. The IL-6 release concentration from the A549 cells after being 
exposed to pirfenidone and pirfenidone microparticles (F10). The IC50 was 690 
µg/ ml and 440 µg/ ml for pirfenidone and F10, respectively.
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regions. It had stable pirfenidone content for 24 weeks of 
storage at room temperature and accelerated conditions; 
however, the MMADs increased due to aggregation. The  
in vitro cytotoxicity study on the A549 cells showed that the 
excipients used in the formulation were considered safer for the 
cells than pirfenidone. Additionally, compared to pirfenidone, 
F10 caused significantly reduced the IL-6 release from the 
cells. In conclusion, F10 microparticles show appropriate 
characteristics for pulmonary drug delivery. They should be 
further investigated to explore their efficiency in treating 
pulmonary fibrosis.
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