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Background and Aim of the work

Cyclosporine A (CsA) is a cyclic undecapeptide with a powerful immunosuppressive activity. One of the most frequent side effects after lung transplantation is the development of bronchiolitis
obliterans (BO), considered a marker of chronic rejection, which causes 30% of deaths. Local administration of CsA to the lung could increase the therapeutic efficacy of this molecule in
preventing transplant rejection [1]. Alongside this effect, cyclosporine could mediate the containment of the cytokine storm due to SARS-CoV-2 infection [2]. The aim of this project was the
production and characterization of a respirable powder containing Cyclosporine A for the prevention of BOS and the inhibition of SARS-CoV-2 replication.

Methods

The spray dried CsA powders were obtained starting from a solution 1% (w/v) of water and ethanol. Powders were produced according to a design of experiment with three factors and two
levels: Mannitol (20-10%), glycine (5-0%), and ethanol (45-60%).

The dissolution was studied upon powder aerosolization using Respicell™ apparatus. Dissolution rate was studied using Weibull equation and defined as the time to dissolve the 63.2% of the
API. Loss on drying (LOD) was studied by thermogravimetric analysis. The respirability of the best performing powder composed by CsA and mannitol with a ratio of 80:20 (w/w) and 45% (v/v) of
ethanol was assessed using Next Generation Impactor (Copley, UK) and RS01® inhaler (Plastiape, Italy). Each HPMC capsule was filled with 20 mg of powder.

Anti-inflammatory effect was studied on THP-1/A549 cell lines co-colture. In vitro inhibition of SARS-CoV-2 replication was studied on Vero E6 cell line.

Results
/ Design of experiment \

ANOVA revealed significant models for the loss on
drying (LOD) and Weibull dissolution time (WDT).
Ethanol is the main factor influencing the different
degrees of residual solvents in the particles. As the
percentage of ethanol increases, the LOD value
approaches zero per cent. On the contrary, glycine
increased the LOD value. Ethanol and glycine also played
a significant role in the dissolution time of the SD
powders. The effect reported by the model as "positive"
is to be meant as an increased WDT value. Therefore,
the time to dissolve 63.2% of APl increase along with the

Graphical representation of glycine and ethanol effect on and loss on drying (LOD) at mannitol percentage of ethanol and glycine.
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Conclusions

A CsA dry powder formulation was efficiently produced by spray drying, using 20% of mannitol as excipient. This powder demonstrated good aerodynamic characteristics and a
higher dissolution profile compared to raw material CsA. M20 powder showed a significant anti-inflammatory effect and inhibition of SARS-CoV-2 replication. The availability of a
CsA pulmonary product in form of dry powder inhaler represents a promising new drug delivery mechanism in lung transplantation recipients and for the containment of the

inflammatory process due to SARS-CoV-2 infection.
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