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INTRODUCTION
The pulmonary route of administration is an approach 

for both local and systemic delivery of drugs, due to the large 
surface area and direct connection between systemic circulation 
and pulmonary. The limitations of pulmonary delivery include 
drug irritation to the lung, limited drug dissolution, and 
high drug clearance. Devices for delivering medications by 
inhalation include inhalers, nebulizers, and dry powder inhalers. 
Particle size distribution plays an important role in penetration 

and deposition in the airways. Particles ranging from 5 µm to 
0.5 µm are deposited in the alveoli, particles >10 µm impact the 
walls of the throat and do not reach the lungs, and particles size 
<0.5 µm are exhaled [1]. 

Favipiravir was initially approved in Japan as an anti-
influenza agent and later during the COVID-19 pandemic crisis, 
it was approved by DCGI (Drug Controller General of India) as 
an antiviral agent against SARs-CoV-2 [2]. Favipiravir functions 
as a prodrug and undergoes ribosylation and phosphorylation 
intracellularly to become the active favipiravir-RTP. Favipiravir-
RTP binds to and inhibits RNA-dependent RNA polymerase, 
which ultimately prevents viral transcription and replication. 
Favipiravir-RTP is incorporated into a nascent RNA strand, it 
prevents RNA strand elongation and viral proliferation [3]. The 
daily dose for favipiravir is 1,600 mg, and the pulmonary dose is 
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ABSTRACT
Microsponges are drug delivery systems that improve drug stability and slow the release rate. Favipiravir (antiviral) 
microsponges are prepared by the emulsion solvent diffusion method using ethyl cellulose and PVA. Optimization was 
done by using the Box-Behnken design. Favipiravir microsponges were evaluated for physicochemical parameters, 
nebulization time (11.6–17.28 minutes), aerosol mass output (0.912%–4.337%), aerosol output rate (0.0082–-0.0187 
mg/minute), and respirable fraction (0.535%–2.423%). Based on these criteria of maximum percentage yield, maximum 
entrapment efficiency, and minimum drug release for 8 hours, the solution with desirability of 0.900 was given. The 
optimized favipiravir microsponge formulation (PMS) was prepared with the composition of ethyl cellulose (372 mg), 
PVA (248 mg), and speed (1222 RPM) and evaluated, showed percentage yield of (87.16% ± 0.020%), entrapment 
efficiency (95.14% ± 0.16%), assay (94.69% ± 0.23%) in-vitro drug release within 8 hours (44.043% ± 0.18%). 
DSC and XRD studies confirmed the amorphous form of the drug and its compatibility with the excipients used. 
Thermogravimetric analysis studies showed weight loss in the region of 300°C– 400°C, which indicates degradation 
and differential thermal analysis effects were observed at 650°C–670°C corresponding to recrystallization of dehydrated 
material. Thermal analysis and stability studies indicate microsponges are stable even at higher temperatures. The 
Zeta potential of the optimized formulation (+1.04 mv) indicates stability. SEM of the optimized formulation showed 
a smooth surface and swelling of the microsponges under the twin-stage impinger stage 1 and stage 2. Favipiravir 
microsponges of particle size 4.394 ± 0.35 μm, with good flow properties and % EE can be targeted to the lungs.
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entrapment efficiency; and R3, in-vitro drug release (Table 1). 
According to the design used, 15 formulations were created and 
assessed (Table 2) [7]. 

Evaluation

Percent production yield (%)
The following formula is used to get the percent 

production yield [8]. 
		              Practical mass of  

			                 microsponges
Production yield (%) =  × 100.
		              Theoretical mass  

			               (polymer + drug)

Assay
5 mg of equivalent favipiravir microsponges are taken 

and calculated for the concentration of the drug in comparison 
with placebo using the UV spectrophotometric method at 
238 nm [9]. 

Flow properties

Angle of repose
The following formula was used to calculate the angle 

of repose [10], Tan θ = hr , where θ = angle of repose, h = height 
of the heap (in cm), and r = radius of the base (in cm).

Compressibility index
The following equation was used to calculate Carr’s 

index using the bulk density (ρb) and tapped density (ρt) values 
from the earlier experiments [10]. 

C = ρt – ρb
ρt  × 100.

Hausner’s ratio
Hausner’s ratio is an indirect index of ease of powder 

flow. It is calculated by the following formula, Hausner’s 
ratio = 

ρt
ρb , where ρt is tapped density and ρb is bulk density. 

Lower Hausner’s ratio (<1.25) indicated better flow properties 
than higher ones [10].

5% of the oral dose (5% of 1,600 mg is 80 mg) taken as a dry 
powder inhaler [4]. Favipiravir is available in the market as tablets, 
the downside is the high dose. Research has been done to formulate 
favipiravir with less dose but there is no evident solution to date. To 
target favipiravir in the lungs, the main challenge is particle size. 
Carriers available for pulmonary drug delivery are microparticles, 
microspheres, proliposomes, microsponges, and so on.

Microsponges, polymeric porous highly cross-linked 
microparticulate systems, imbibe water and swell, thereby 
having slow release at the target site achieving novel drug 
delivery [5]. 

The main objective of the present work is to reduce 
the dose and target the drug to pulmonary to treat the infection 
caused by COVID-19. Administered by inhalers, which is a 
pressurized container delivering a fixed amount by the actuation 
of a valve. In the present study, favipiravir microsponges 
are optimized using Box Behnken Design (BBD). In-vitro 
parameters, lung deposition studies were performed using twin-
stage impinger. 

MATERIAL AND METHODS

Materials
Favipiravir was purchased from Hubert Drugs 

Pvt.Ltd, ethyl cellulose, disodium hydrogen phosphate, 
dichloromethane, and PVA were purchased from SD Fine-Chem 
Limited, dimethyl sulfoxide was procured from Sisco Research 
Laboratories Pvt. Ltd, and potassium dihydrogen phosphate 
was purchased from Molychem.

Methods

Preparation of favipiravir microsponges
The emulsion solvent diffusion approach was used to 

prepare the favipiravir microsponges. To produce the internal 
phase, 15 ml of dichloromethane is used to dissolve ethyl 
cellulose. Next, 1 ml of dimethyl sulfoxide is used to dissolve 
the drug favipiravir, which is then added to the ethyl cellulose 
solution and mixed thoroughly using a magnetic stirrer. To 
prepare the external phase, dissolve the weighed amount of 
PVA in 100 ml of distilled water. The emulsion is prepared by 
adding the internal phase to the external phase drop by drop at a 
rate of 10 ml/minute while stirring continuously. Subsequently, 
a high-speed homogenizer is used to agitate the emulsion for 
approximately 3 hours at speeds between 1,000 and 1,400 rpm 
to evaporate the solvent. The prepared microsponges were dried 
in an oven at 40°C for 24 hours after being filtered through 
Whatman filter paper [5].

Optimization using BBD
For the optimization process to investigate quadratic 

response surfaces and create second-order polynomial models 
using Design Expert 11 (Version 11; Stat-Ease Inc, Minneapolis, 
MN), a three-factor, three-level BBD was chosen [6]. This 
resulted in the selection of three independent variables at three 
different levels: X1, ethyl cellulose quantity, X2, PVA quantity, 
and X3, speed (RPM) (low, medium, and high). Three criteria 
were chosen as dependents: R1, percent production yield; R2, 

Table 1. Box-Behnken independent and dependent variables. 

Independent factors Levels

Low  
(-1)  

Medium 
(0)

High 
(+1)

X1 = Quantity of ethyl cellulose (mg)

X2 = Quantity of PVA (mg)

X3 = Speed (rpm)

360 480 600

240 320 400

1,000 1,200 1,400

Dependent variables and their range.

Dependent variables (Responses) Constrains (In range)

1. R1 = Production yield (%)

2. R2 = Entrapment efficiency (%)

3. R3= In-vitro drug release (%)

Maximum upto 100%

Maximum upto 100%

Maximum upto 100%
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Particle size measurement
Determined by the microscopic technique using 

micrometry.

Entrapment efficiency
Powder equivalent to 5 mg of the drug is dissolved in 

10 ml phosphate buffer 6.8 pH. The solution is then centrifuged 
at 6,000 RPM for 1 hour. The supernatant is collected and 
filtered, 1 ml is taken and diluted to 10 ml with phosphate buffer 
6.8 pH, and then examined using the UV spectrophotometer set 
to λmax 238 nm. The formula is 

E. E = total drug – unentrapped amount
total drug  × 100.

In-vitro diffusions studies
Studies for 15 formulations were carried out in an 

open-end tube using a dialysis bag diffusion technique, in 
phosphate buffer pH 6.8. For activation, the dialysis bag was 
immersed in phosphate buffer solution for 12 hours to saturate. 
The formulation is equivalent to 5 mg of the drug and is dispersed 
in a phosphate buffer solution of 1 ml and put into the dialysis 
bag with one end sealed of the open-end tube and immersed in 
200 ml of the release medium. The temperature was maintained 
at 37°C ± 0.5°C with continuous magnetic stirring at 100– 
200 rpm. Aliquots up to 1 ml are withdrawn at predetermined 
intervals up to 8 hours, and sink conditions are maintained. 
The samples are analyzed by UV spectrophotometry at 238 nm 
after suitable dilutions. Percentage drug release is calculated 
accordingly [11].

Lung deposition studies
Twin stage impinger was employed for the deter-

mination of an In-vitro lung model for aerosolization using a 

nebulizer. The twin-stage impinger comprises of mouthpiece 
to which the nebulizer is attached, an upper stage (stage 1), 
and a lower stage (stage 2). Stage 1 and stage 2 represent the 
upper and lower airways of the respiratory tract, respective-
ly. The deposition eligibility is based on the assumption of 
the application of 60 l/minute negative pressure by a vacuum 
pump. During assembly, the upper and lower stages are filled 
with phosphate buffer pH 6.8 of 7 ml and 30 ml, respectively. 
Powder equivalent to 5 mg of the drug is taken in the nebuliz-
er and dissolved by adding 5 ml of phosphate buffer solution 
attached to the mouthpiece of the twin-stage impinger, post 
nebulization the solutions from stages 1 and 2 are collected 
and diluted with phosphate buffer. Absorbance is determined 
spectrophotometrically at 238 nm, and furthermore, the pa-
rameters such as mass output, respirable fraction, aerosol out-
put rate, nebulization time, and so on, are determined [12].

Nebulization time
The time required for the aerosol to become erratic 

and intermittent was determined as nebulization time.

Mass output
After nebulization, i.e., after achieving complete 

dryness the mass output is determined by calculating the 
difference in the mass (weight) of the microsponges formulation 
before and after the nebulization. The percentage mass output is 
determined by using the following formulae.

Mass output (%) =  
weight of the nebulized formulation
weight of formulation present in the  

nebulizer before nebulization
 × 100

Table 2. Formulations according to Box-Behnken design with observed values. 

Formulation Drug (mg) Ethyl cellulose 
(mg)

PVA (mg) Speed(rpm) Production yield 
(%)

Entrapment efficiency 
(%)

In-vitro drug release 
after 8 hours (%)

F1 200 480 400 1,000 61.63 ± 0.12 94.35 ± 0.021 38.876 ± 0.34

F2 200 360 400 1,200 58.74 ± 0.18 96.68 ± 0.010 40.803 ± 0.52

F3 200 480 320 1,200 69.5 ± 0.19 94.32 ± 0.015 33.735 ± 0.01

F4 200 360 240 1,200 90.5 ± 0.15 94.83 ± 0.020 43.21 ± 0.21

F5 200 480 320 1,200 69.5 ± 0.16 94.32 ± 0.015 33.735 ± 0.15

F6 200 480 240 1,400 71.34 ± 0.21 93.74 ± 0.015 40.321 ± 0. 26

F7 200 480 240 1,000 65.52 ± 0.11 93.17 ± 0.010 32.45 ± 0.21

F8 200 600 320 1,000 41.9 ± 0.16 91.4 ± 0.020 31.004 ± 0.21

F9 200 480 400 1,400 63.62 ± 0.22 94.45 ± 0.025 31.325 ± 0.15

F10 200 600 320 1,400 69.68 ± 0.14 92.4 ± 0.029 27.631 ± 0.25

F11 200 360 320 1,000 58.52 ± 0.10 96.12 ± 0.040 31.486 ± 0.21

F12 200 360 320 1,400 61.9 ± 0.80 95.35 ± 0.010 36.679 ± 0.16

F13 200 600 240 1,200 57.66 ± 0.23 90.12 ± 0.021 32.771 ± 0.15

F14 200 600 400 1,200 68.04 ± 0.14 92.35 ± 0.016 32.129 ± 0.21

F15 200 480 320 1,200 69.5 ± 0.13 94.32 ± 0.028 33.735 ± 0.24
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Aerosol output rate (Mg/Min)

Aerosol output rate (Mg/Min) =  
weight of the nebulized  

formulation
complete nebulized time

 

Respirable fraction
The respirable fraction is determined by calculating 

the drug mass in stage 2 to the drug mass loaded in nebulizer 
prior to the nebulization. The respirable fraction is calculated by 
using the following formulae:

Respirable fraction (%) =  
drug mass in stage-2

drug mass loaded in nebulizer  
prior to the nebulization

 × 100

Evaluation of the optimized formulation
Furthermore, the optimized formulation (PMS) and 

the solutions from the twin-stage impinger stage 1 and stage 
2 are evaluated for the SEM, zeta potential, particle size, and 
Thermogravimetric analysis (TGA) [13].

SEM
Scanning electron microscopy was used to analyze the 

surface morphology of the optimized favipiravir microsponge 
formulation as well as the solutions obtained from stage 1 and 
stage 2 of the twin-stage impinger.

Zeta potential and particle size
Using a zetasizer Malvern analyzer, Zeta potential, 

and particle size for the optimized favipiravir microsponges 
were carried out at the temperature of 25°C, conductivity of 
mS/cm at 39% and 100% intensity given in size (d. nm). 

DSC
3– 5 mg samples were weighed and placed in closed, 

hermetic sample pans with pinhole. Samples were heated from 
0°C to 210.0°C. The disappearance of the crystalline sharp peak of 
the drug and the appearance of any new peak and peak shape were 
noted. The thermogram of the optimized favipiravir microsponge 
formulation was superimposed with that of a pure drug [14].

XRD
The material under analysis is homogenized, and finely 

powdered, and its average bulk composition is determined. An 
X-ray beam is pointed at the sample in this test procedure, and 
the dispersed intensity is measured as a function of the outgoing 

direction. The scatter, also known as a diffraction pattern, shows 
the crystalline structure of the material once the beam has been 
separated [15]. 

Thermal analysis
TGA and differential thermal analysis (DTA) are used 

to determine the thermal stability of the material. An amount of 
3.202 mg of drug-loaded microsponges was placed in platinum 
pans and sealed before the test. All samples were run at a heating 
rate of 10ºC/minute over a temperature range of 10°C– 1,000°C 
in an atmosphere of nitrogen [16].

Stability studies
Optimized formulation was stored at accelerated 

stability conditions (40°C ± 2°C/75% ± 5% RH) as per ICH 
guidelines throughout 1 month and evaluated for physical 
appearance, entrapment efficiency, assay, drug content, and in-
vitro drug release for every week [17].

RESULTS AND DISCUSSION

 Evaluation
15 formulations were evaluated for the percent 

production yield (Table 2), assay (90.24% ± 0.05% to 96.479% ± 
0.01%), flow properties, Carr’s index within 9.09 ± 0.15–20% ± 
0.25% range, Hauser’s ratio within 1.1 ± 0.19–1.25 ± 0.22 range, 
and angle of repose within 31.45 ± 0.16°–39.69 ± 0.10° range 
indicating that they have good-fair flow properties. The mean 
particle size of 15 formulations was in the 10– 45 μm range. 
Out of these formulations, F4 showed a high percentage yield, 
high drug content, and excellent flow properties. F2 formulation 
showed the highest entrapment efficiency (Table 2). 

In-vitro diffusions studies
In-vitro diffusion studies were performed for all 

formulations for 8 hours, the release of the drug (3 hours) is 
constant throughout the time, formulation F4 showed maximum 
drug release at the end of 8 hours indicating the longer retention 
of the favipiravir in the pulmonary region. The dissolution profile 
of all formulations is represented in Figure 1. Model-dependent 
kinetics were performed for the formulations and they follow 
first-order kinetics and the Higuchi drug release mechanism [18].

Lung deposition studies
Lung deposition studies were performed; maximum 

nebulization time was shown by F2. The mass output evaluation 

Figure 1. In-vitro drug diffusion of favipiravir microsponges (a) F1 – F5 (b) F6 – F10 (c) F11– F15.
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shows that no optimum or 100% mass output is reached after 
nebulization. F4 formulation shows maximum aerosol output 
rate. F4 formulation shows a maximum value of respirable 
fraction (Table 3) indicating the lower value of output rate, mass 
output, and respirable fraction hence the drug delivery through 
microsponges via nebulization is difficult therefore the alternate 
procedure such as the dry powder inhalers such as rota haler can 
be used as alternate method to deliver the complete drug.

Optimization by BBD
Mathematical relationship between the independent 

factor and dependent factor are statistically related to the model 
considering the following parameters F value greater than 1, 
p value less than 0.05, difference between adjusted R2 and 
predicted R2 should not be more than 0.2, adequate precision 
should be greater than 4, lack of fit should be insignificant. 

Based on these the design space can be navigated using 
the model. These responses are given in Table 4, where the 
quadratic model is significant for production yield and in-vitro 
drug release, and the linear model for entrapment efficiency.

From the 2D contour plots and 3D response surface 
plots (Fig. 2), it is observed with an increase in the quantity of 
ethyl cellulose there is a decrease in the percentage production 
yield, entrapment efficiency (%), and in-vitro drug release. 
Similarly, with an increase in the quantity of PVA, there is an 
increase in percentage production yield initially and a further 
increase in PVA resulted in a decrease in percentage production 
yield, increase in entrapment efficiency (%), and in vitro drug 
release. The design facilitates simultaneous assessment of the 
impact of independent variables and their actual significance 
on selected responses, where the quantity of ethyl cellulose was 
significant on entrapment efficiency (%) (p-value < 0.0001) and 

Table 3. Results of lung deposition studies. 

Formulation Nebulization time  
(minutes)

Mass out put  
(%)

Aerosol output rate  
(mg/minute)

Respirable fraction  
(%)

Pure drug 12.02 ± 0.05 51.87 ± 0.015 0.215 ± 0.04 8.14 ± 0.19

F1 15.48 ± 0.02 2.925 ± 0.23 0.009 ± 0.002 1.647 ± 0.21

F2 17.28 ± 0.04 0.912 ± 0.01 0.008 ± 0.01 1.138 ± 0.01

F3 11.6 ± 0.10 3.012 ± 0.02 0.013 ± 0.003 1.111 ± 0.015

F4 11.24 ± 0.09 4.337 ± 0.08 0.0187 ± 0.012 2.423 ± 0.016

F5 11.6 ± 0.08 3.012 ± 0.06 0.013 ± 0.02 1.111 ± 0.017

F6 14.38 ± 0.07 2.450 ± 0.04 0.008 ± 0.005 1.352 ± 0.018

F7 17.04 ± 0.05 2.349 ± 0.05 0.0068 ± 0.006 0.870 ± 0.023

F8 14.01 ± 0.02 1.861 ± 0.021 0.0066 ± 0.001 0.535 ± 0.016

F9 15.35 ± 0.01 2.383 ± 0.01 0.0077 ± 0.01 1.004 ± 0.032

F10 16.44 ± 0.05 2.363 ± 0.06 0.007 ± 0.005 1.312 ± 0.06

F11 14.25 ± 0.04 3.166 ± 0.02 0.011 ± 0.002 2.182 ± 0.015

F12 11.39 ± 0.03 2.463 ± 0.05 0.011 ± 0.001 1.473 ± 0.015

F13 16.22 ± 0.05 2.316 ± 0.09 0.0082 ± 0.002 0.937 ± 0.025

F14 14.36 ± 0.02 2.363 ± 0.10 0.0187 ± 0.003 1.218 ± 0.035

F15 11.6 ± 0.12 3.012 ± 0.15 0.013 ± 0.001 1.111 ± 0.014

Table 4. Fit statistics of observed responses. 

Response Percentage production yield Entrapment efficiency In-vitro drug release

Model Quadratic model Linear model Quadratic model

Sum of square 1366.62 39.46 278.67

Degree of freedom 9 3 9

Mean squares 151.85 13.15 30.96

F-value 7.09 49.45 19.41

p-value 0.0220 (Significant) < 0.0001 (Significant) 0.0022 (Significant)

Adjusted R2 0.7965 0.9121 0.9221

Predicted R2 −0.1627 0.8670 0.5548

Adeq precision 11.7656 21.2891 15.5935

Lack of fit 107.10 2.93 7.98

Pure error 0.0000 0.0000 0.0000
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in-vitro drug release (p-value 0.0012), the quantity of PVA was 
significant on entrapment efficiency (%) (p-value 0.0018), and 
speed was significant on production yield (p-value 0.0309). The 
interaction effect of quantity of EC and PVA was significant on 
production yield (p-value 0.0061), quantity of EC and speed 
was significant on production yield (p-value 0.0462), and  
in-vitro drug release (p-value 0.0388). Quantity of PVA and 
speed was significant on in-vitro drug release (p-value 0.0041). 
The actual responses and predicted responses had in high degree 
of correlation (Fig. 2), with R2 of 0.9273 for production yield, 
R2 of 0.931 for entrapment efficiency (%), and R2 of 0.9357 for 
in-vitro drug release.

Among the formulations, least percentage production 
yield (41.9% ± 016%) was by F8 containing 600 mg EC, 320 
mg PVA, and 1,000 rpm, lowest EE (%) was by F13 containing 
600 mg EC, 240 mg PVA, and 1,200 rpm and less in-vitro drug 
release (27.631% ± 0.25%) was by F10 containing 600 mg 
EC, 320 mg PVA, and 1,400 rpm. In F8, F10, and F13, there 
is an increase in drug to polymer ratio, where a similar effect 
was observed with curcumin microsponges [5] and ketoprofen 
microsponges [8]. Maximum in-vitro drug release (43.21% ± 
0.21%), percentage production yield (90.5% ± 0.15%) was by 
F4 containing 360 mg EC, 240 mg PVA, and 1,200 rpm, and 

highest EE (%) by F2 containing 360 mg EC, 400 mg PVA, and 
1,200 rpm where in these formulations minimum amount of EC 
was used.

Using a higher amount of PVA resulted in a slight 
increase in the dispersed phase viscosity when all the solvents 
diffused out, and nearly all the dispersed phases converted 
into solid microsponges. An increase in the polymer resulted 
in the thickening of the polymer matrix wall leading to the 
extended diffusion path and decrease in the drug release. A 
mathematical equation of the effect of independent variables 
on responses is given, where the +ve sign symbolizes the 
additive effect of that variable on the response and the -ve 
sign, and vice versa.

Quadratic equation for percent production yield (%) = 
+69.50 −4.05A −4.12B +4.87C +10.54AB +6.1AC - 0.9575BC 
−4.15A2+3.38B2 - 7.35C2. 

Linear equation for Entrapment efficiency (%) = 
+93.86 −2.09A +0.7462B +0.1125C.

Quadratic equation for In-vitro drug release (%) 
=+33.74−3.96A−0.7024B +0.6425C+0.4413AB−2.89AC−3.8
6BC+0.1001A2+3.39B2−1.39C2. 

From Table 4, for in-vitro drug release, the difference 
between adjusted R2 and predicted R2 is greater than 0.2 

Figure 2. (a) Effect on percentage production yield (b) Effect on Entrapment Efficiency (c) Effect on in-vitro drug release showing contour plot, response surface plot 
and Predicted versus Actual response.
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indicating model reduction. The reduced quadratic model was 
significant with p value < 0.0001, adjusted R2 (0.8981), and 
predicted R2 (0.7727), where the difference is less than 0.2 and 
adequate precision 16.84, which is greater than 4. Indicating it 
can be used to navigate the design space.

Reduced quadratic equation for In-vitro drug release 
(%)=+33.56−3.58A−2.14AC−3.85BC+3.79B2−1.74C2. 

Similarly, for production yield, a negative value of 
predicted R2 is not satisfactory, so a reduced quadratic model 
was analyzed.

Reduced quadratic equation for production yield (%) 
= 69.06+4.87C+10.54AB−7.30C2. 

The solutions for the optimized favipiravir 
microsponge formulation were given by design expert software 
11 with the criteria for numerical optimization maximum 
percent production yield, maximum entrapment efficiency, 
and least release of the drug. This was represented in graphical 
optimization as an overlay plot. In the overlay plot (Fig. 3), the 
criteria of highest percentage production yield were taken in the 
probability of 74.9413%–99.655%, highest EE % (94.154%–
96.2812%), and least release in the range of 39.8378%–
45.826%, which are given by software on the overlay plot 
(representation of graphical optimization). Out of 53 solutions 
predicted by software, a solution having a desirability of 0.900 
was selected. Which is X1, EC quantity as −0.99, X2 (PVA) 
as −0.99, and speed 0.122 coded values. Responses were also 

predicted, 87.2981% yield, 95.2176%% EE, 43.21% release. 
The formulation (PMS) was decoded 372 mg EC, 248 mg PVA, 
and a speed of 1222 rpm, prepared and evaluated. The observed 
responses were in correlation with predicted responses with 
R2=1. Among all formulations F4 and F2 formulations were 
better, so optimized formulation close to these was given by 
software. 

Evaluation of the optimized formulation
The optimized formulation PMS were evaluated 

for percent production yield, flow properties, lung deposition 
studies, and so on, results are given in Table 5.

SEM
The optimized favipiravir microsponges’ surface 

morphology was examined Figure 4 displays the microsponges’ 
spherical shape and nano-sized pores, as well as their 
homogeneous and non-segmented nature. SEM images of stage 
1 and stage 2 samples of optimized formulation PMS show 
swelling of microsponges by imbibing solvent.

Figure 3. Overlay plot of optimized formulation by graphical optimisation.

Figure 4. (a) SEM of PMS (b) SEM of PMS solution obtained from twin stage impinger stage1 (c) SEM of PMS solutions obtained from twin stage impinger stage2. 

Table 5. Evaluation parameters of optimized formulation. 

Parameters Results

Percentage yield (%) 87.16 ± 0.020

Entrapment efficiency (%) 95.14 ± 0.16

Assay (%) 94.69±0.23

In-vitro drug diffusion after 8 hours (%) 44.043 ± 0.18

Lung deposition studies

  Nebulization time (minute) 12.5 ± 0.015

  Aerosol mass out put (%) 3.186 ± 0.05

  Aerosol out put rate (mg/minute) 0.013 ± 0.01

  Respirable fraction (%) 0.870 ± 0.21

Flow properties

  Bulk density (g/ml) 0.1 ± 0.16

  Tapped density (g/ml) 0.11 ± 0.16

  Carr’s index (%) 9.09 ± 0.04

  Hausner’s ratio 1.1 ± 0.09

  Angle of repose (˚) 30.21 ± 0.15
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Zeta potential
Optimized favipiravir microsponge formulation 

(PMS) zeta potential was found as +1.04mv (Fig. 5) as a charge 
inducer was not used. A Zeta potential of ±30 mv for a system 
is considered to be stable. 

Particle size
The size of the particles in the favipiravir microsponge 

formulation (PMS) was 4.394 ± 0.35μm (Fig. 5). The particle 
size of optimized formulation under twin stage impinger stage 
1 and stage 2 was found 1.809 μm and 1.172 μm, respectively. 
Particles range 0.5μm– 5μm in size and are usually the most 
effective for inhalation and deposition in the alveoli of the 
lungs. Particles less than  1 μm are more likely to be exhaled 
again, while larger particles tend to deposit in the upper part of 
the respiratory tract [1]. Poly dispersibility index (PDI) of PMS 
is 0.416 indicating uniformity of particle size, whereas samples 
of stage 1 and stage 2 had PDI greater than 0.5 indicating non-
uniformity of particles (represented as bimodal and trimodal 
peaks in Fig. 5), as microsponges powder sample is dispersed 
in phosphate buffer solvent leading to increase or decrease of 
the size of the particles in the process of solubilization.

DSC
Studies showed that, when comparing the physical 

mixture to the pure medication, there is minimal variation in the 

favipiravir drug’s melting point. Since the blend was a physical 
mixture containing ethyl cellulose, the melting point of the drug 
was almost 190°Ϲ, and the polymer peaks were produced at that 
same temperature (Fig. 6).

XRD
Sharp peaks can be seen in the favipiravir spectra at 

11.68˚, 22.9˚, 27.93˚, 41.66˚, and 52.75˚(2θ) which indicates 
the drug is crystalline. The optimized favipiravir microsponges’ 
diffractogram displays peaks at 10.890˚, 22.52˚, 27.63˚, 41.77˚, 
and 51.66˚ (2θ) with decreased intensity which indicates a 
decrease in crystalline nature of the microsponges (Fig. 6). DSC 
and XRD studies confirm the conversion of a crystalline form of 
a pure drug to an amorphous form and excipient compatibility.

Thermal analysis
TGA thermograms of optimized favipiravir 

microsponge formulation showed a downshift which indicates 
the loss of mass due to evaporation of solvent, loss of moisture, 
and degradation. Weight loss in the region 300°C– 400°C 
indicates degradation of the amorphous form of the entrapped 
drug in the microsponges. The DTA of favipiravir pure drug 
is compared with the DTA of PMS. At 650°C–670°C, a DTA 
effect occurs but this effect not occurs on the TG curve, because 
this event corresponds to the recrystallization of the dehydrated 
material. This recrystallization process is exothermic. TG-

Figure 5. (a) size of particles of PMS (b)Particle size of solution of optimized formulation at stage1 and (c) stage2 of twin stage impinger (d) Zeta potential of PMS. 
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DTA modes determine the melting points, glass transition 
temperatures, crystallinity, moisture volatile content, thermal 
and oxidative stability, purity, and transformation temperatures 
(Fig. 6).TGA and DTA studies prove the characteristics of 
microsponges wherein they remain stable upto 130°C within a 
pH range of 1–11 [18].

Stability studies
Accelerated stability studies were performed for 1 

month as per ICH guidelines and parameters were evaluated 
at respective time intervals (Table 6). There was no change in 
the physical appearance of microsponges, whereas EE% varied 
within ±1%, assay within ±3%, and in-vitro drug release within 
±3%, where it is less than 5%. Therefore, there is no significant 
change in physical appearance, EE%, assay, and in-vitro drug 
release studies. 

CONCLUSION
Favipiravir microsponges for pulmonary drug 

delivery were optimized using the BBD in the study based 
on the objective of reducing the dose and targeting the lungs. 
The formulation prepared was evaluated for physiochemical 

parameters and lung deposition. From lung deposition studies 
it was observed the output rate, mass output, and respirable 
fraction were less as microsponges containing ethyl cellulose, 
were dispersed in 6.8 pH phosphate buffer for nebulization, and 
were not completely solubilized in the media. Hence dry powder 
inhalation using a rota haler can be suggested. SEM and particle 
size parameters prove they can be targeted to alveoli (target area 
of the symptom) and non-uniformity of particles in stage 1 and 
stage 2 indicates the release of drug or biodegradability of the 
polymer. From thermal analysis, it is proven microsponges are 
stable upto 130°C. Stability studies show formulation is stable. 
Therefore, we can conclude favipiravir microsponges at a very 
reduced dose when compared to oral dose can be targeted for 
pulmonary using formulations such as dry powder inhalers. 
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Table 6. Stability studies for optimized favipiravir microsponge formulation (PMS). 

Test Initial first week second week 1 month

Physical appearance white to light yellow 
powder

white to light yellow powder white to light yellow 
powder

white to light yellow 
powder

Entrapment efficiency (%) 95.14 ± 0.16 95.0 ± 0.32 94.21 ± 0.24 94.05 ± 0.32

Assay (%) 94.69 ± 0.23 94.5 ± 0.35 94.12 ± 0.37 94.09 ± 0.36

In vitro drug release (%) 44.043 ± 0.18 43.7 ± 0.22 42.5 ± 0.24 41.9 ± 0.20
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