
Pulmonary Delivery of Favipiravir Formulation Using Soft-Mist
Inhaler For COVID-19

PULMOCURES

INTRODUCTION

FORMULATION DEVELOPMENT 

Ghasemnejad-Berenji, M., & Pashapour, S. (2021). Favipiravir and COVID-19: a simplified summary.Drug research, 71(03), 166-170.
Hassanipour, S., Arab-Zozani, M., Amani, B., Heidarzad, F., Fathalipour, M., & Martinez-de-Hoyo, R. (2021). The efficacy and safety of Favipiravir in treatment of COVID-19: a systematic review and meta-analysis of clinical trials.Scientific reports, 11(1), 1-11.
Leiner, S.; Cipolla, D.; Eicher, J.; De Kruijf, W.; Wachtel, H. Soft Mist Sprays. InPharmaceutical Inhalation Aerosol Technology; Hickey, A.J., da Rocha, S.R., Eds.; CRC Press: Boca Raton, FL, USA, 2017; Volume 35.

SOLUBILITY STUDY
ANTIVIRAL ACTIVITY

STABILITY STUDY
PATENT APPLICATION PRECLINICAL STUDY

PHASE II
CLINICAL STUDY

Ayca Yildiz-Pekoz 1 , Ozlem Akbal-Dagistan 1 , Hanan Fael 1 , Meltem Culha 1 , Aybige Erturk 1,9 , Nur Sena Basarir 1 , Gokben Sahin 1,10 , Mustafa Sevim 2 , Semiha Leyla 
Sen 2 , Mert Kaskal 3 , Muge Serhatli 5 , Gamze Cakirca 5,6 , Saban Tekin 5,7, Lutfiye Mulazimoglu Durmusoglu 8 , Berrak Yegen 2

1 Istanbul University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Istanbul, Türkiye
2 Marmara University, School of Medicine, Basic Medical Sciences, Department of Physiology, Istanbul,,Türkiye

3 Marmara University, School of Medicine, Internal Medical Sciences, Department of Medical Pharmacology, Istanbul, Türkiye
4 TUBITAK Marmara Research Center-MRC, Life Sciences, Medical Biotechnology (Marmara Research Center (MRC), 41470, Gebze-Kocaeli, Türkiye

5 Molecular Biology and Genetics, Institute of Natural and Applied Sciences, Gebze Technical University, 41400, Gebze, Kocaeli, Türkiye
6 University of Health Sciences, Hamidiye Faculty of Medicine, Department of Basic Medical Sciences, Medical Biology, Istanbul, Türkiye

7 Marmara University, School of Medicine, Department of Infectious Diseases, Istanbul, Türkiye
8 Istinye University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Istanbul, Türkiye
9 Trakya University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Istanbul, Türkiye

INHALED FAVIPIRAVIR HYPOTHESIS

V A solubleandstablesolutionof favipiravir.
V Good aerodynamicparticlecharacteristics 

for lung targeting.
V Antiviral efficiency of the predetermined

inhalationdosagein Vero6 cells.
V Preclinicalstudyof possibletoxic effectsof
ŦŀǾƛǇƛǊŀǾƛǊΩǎrepetitivedeliveryviasoft mist
sprayon lungtissueof healthyrats.

Favipiravir(RNA-dependentRNApolymerase
(RdRp) inhibitor) was shown to be
insufficient in many clinical trials in oral
form1,2. In this study, we haveproved«Favi»
to be effective againstSARS-CoV-2 virus, if
appliedvia inhalation. Ourstudyentails:

IN VITRO ANTIVIRAL ACTIVITY OF FAVIPIRAVIR

PRECLINICAL 
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Fig 3. Vero E6 cells, infected with 3.5x 105 PFUmL-1 of SARS-CoV-2

(B1.36), werepre-incubatedwith different concentrationsof Favipiravir.

Fig6. Theconcentrationmeasuredwas140µg/g lung
tissue, which is more than 45-folds compared w/
plasma, showing that the local administration of
favipiravir resulted in a higher accumulationin the
lungtissue.

VDelivery of favipiravir by soft-mist inhaler did
not result in oxidative injury of lung tissue.

VLunglocalizationachieveda 45-fold highervalue
comparedto plasma.

ÅHigh number/dosage tablet 
intake

ÅLow lung localisation
ÅLow efficiancy in lungs
ÅLow patient adherence

ÅLow dosage intake
ÅHigh lung localisation
ÅHigh efficiancy in lungs
ÅHigh patient adharence
ÅMinimized contamination risk
ÅPersonalized dose adjustmentSoft Mist Inhaler

RESULTSSTUDY DESIGN

VChallengesof Favipiravir: Poorsolubilityandlow stability
VFavipiravir solution, prepared in PBSand stored protected from light, showed superior

stability over that waspreparedin normal saline.

VTheMMAD,FPF,GSDvaluesfor variousfavipiravirsolutionsof NS
andPBSwereevaluatedunderNGI.

VProposition: Dose estimation for the inhaled
«Favi» formulationwascalculatedas 2ͯ mg/mL.

VOutcome: The maximum favipiravir activity
performed in Vero-6 cellswith xCELLigenceReal
Time Cell Analyzer RTCAMP was found at 2
mg/mLand3 mg/mL.

V«Favi»wasfound to ‘antivirally-active’between
2 and3 mg/mL.

ORAL1600 mg INHALATION2 mg

Fig4. Cell-only (red line) were non-infected. Virus-only VeroE6 cells(greenline) were infected that wasnot pre-

exposedto Favipiravirmolecule.

VFirst preclinicalstudy* usingPulmospray
VDesign of a 3D cagesystemby the team
VFavipiravirquantification method: Development of 

sensitiveHPLC methodfor plasmaandlungtissue.
VTreatments were given twice a day for 5 consecutive 

days, and application time was 2 minutes. 
VWistar albino male and female rats of 8-12 weeks 

were distributed. 

Fig 5. Neutrophil infiltration (MPO activity),
lipid peroxidation (MDA) and antioxidant
glutathione (GSH)levels in lung tissue of
normal salineor favipiravir (1, 2.5, 5 and 10
mg/kg)appliedwith soft mist inhaler.

CONCLUSION

Soluble form of 
favipiravir

1 Year stability data Effective at 2 mg/mL 
High lung 

localization
Safe inhalation 

application

Inhalable 
favipiravir 
solution

This study is currently 
under revisionfor 
Phase II clinical trial.

Fig 1. Theoretical pH - Solubility profile of favipiravir, and 
the solubility values obtained practically in water, HCI 
0.01 M, PBS. 

Fig 2. Stability profiles of favipiravir in (a) normal saline and (b) PBS, stored protected from light at 5C ± 3 °C, 25 
± 2 °C, and 40 ± 2 °C [values are expressed as mean ± SD (n = 3), note that the error bars at some points are of 
the size of the symbols].

Fig 7. At the 10 mg/kg of favipiravir, calculatedQT
intervalswere not significantlydifferent than thoseof
the saline-treated rats, showingthat the highestdose
hasnot resultedin the prolongationof QTinterval.

Challenges of Favipiravir Resolved

*Ethicalapproval(No: 42.2020.marmarauniversity).

CONTROL 10 mg/kg

Table 1. Particle size distribution obtained for favipiravir solutions. 

a Mean mass aerodynamic diameter.
b Fine particle fraction.
c Geometric standard deviation (mean SD; n= 3).

-3

-2

-1

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8 9 10 11 12 13

L
o

g
 S

EquilibriumpH 

Theoretical Solubility

HCl 0.01M, pH 2.0

water, pH 3.47

PBS, pH 4.6

PBS, pH 6.2


