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At present, there is no vaccine or effective standard treatment for SARS-CoV-2 infection (COVID-19) which frequently

leads to lethal pulmonary inflammatory responses. COVID-19 pathology is characterized by extreme inflammation and

amplified immune response with activation of a cytokine storm. A subsequent progression to acute lung injury (ALI) or

acute respiratory distress syndrome (ARDS) can take place, which is often followed by death. The causes of these strong

inflammatory responses in SARS-CoV-2 infection are still unknown. As uncontrolled pulmonary inflammation is likely the

main cause of death in SARS-CoV-2 infection, anti-inflammatory therapeutic interventions are particularly important.

Fenretinide N‐(4‐hydroxyphenyl) retinamide is a bioactive molecule characterized by poly-pharmacological properties and

a low toxicity profile. Fenretinide is endowed with anti-tumor, anti-inflammatory, anti-viral and immunomodulating

properties other than efficacy in obesity/diabetic pathologies. Its anti-inflammatory and anti-viral activities, in particular,

could likely have utility in multimodal therapies for treatment of ALI/ARDS in COVID-19 patients. Moreover, fenretinide

administration by pulmonary delivery systems could further increase its therapeutic value by carrying high drug

concentrations to the lungs and triggering a rapid onset of activity. This is particularly important in SARS-CoV-2 infection

where only a narrow time window exists for therapeutic intervention.
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1. Introduction

Coronaviruses (CoVs) are RNA viruses. They may infect both humans and animals, leading to lethal and contagious

diseases, such as severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome

coronavirus (MERS-CoV). The recent severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (or coronavirus

disease-19 (COVID-19)) is characterized by high genetic homology with SARS-CoV and MERS-CoV , sharing with them

79.0% and 51.8% nucleotide identity, respectively. Several studies have shown that SARS-CoV predominantly infects

airway and alveolar epithelial cells, vascular endothelial cells, and macrophages. SARS-CoV-2 and SARS-CoV use the

same receptor, angiotensin-converting enzyme 2 (ACE2), for infection, indicating that the same cell types are targeted

and infected .

In SARS-CoV-2 infection, the early onset of a rapid viral replication may cause extensive apoptosis of epithelial and

endothelial cells and vascular leakage. This frequently leads to acute lung injury and lethal inflammatory responses .

Although antiviral drugs, glucocorticoids, and mechanical ventilation have been used, there is no specific treatment for

COVID-19 at the moment . Therefore, in the absence of a standard therapeutic intervention, the urgent treatment of

pulmonary inflammation to prevent acute lung injury is needed. Pulmonary formulations of anti-inflammatory drugs could

represent a good option in combination with systemic antiviral drugs or glucocorticoids. In pulmonary administration, the

drugs are directly carried to the airway and alveolar epithelia in high concentration, providing rapid onset of the

therapeutic response with prompt relief of lung occlusion and respiratory distress symptoms. Nevertheless, the drugs

used by pulmonary administration in COVID-19 should be characterized by low toxicity to avoid injury to the airway and

alveolar epithelia already damaged by the viral infection. Fenretinide—(N-(4-hydroxyphenyl) retinamide)—is a

semisynthetic derivative of all-trans-retinoic acid. It is endowed with many pharmacological features, including anti-

inflammatory and antiviral activities, prevention of obesity and type-2 diabetes , and the well-known antitumor activity on

a wide range of tumors . Moreover, its low toxicity profile has been proved in many clinical trials,

also in long term treatments . Therefore, due to its poly-pharmacology, fenretinide administration by pulmonary

formulations may be expected to be protective against acute lung injury (ALI)/ acute respiratory distress syndrome

(ARDS) caused by SARS-CoV infection and could represent a useful tool in a multimodal therapy aimed at establishing a

rapid anti-inflammatory and antiviral effect.
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2. Inflammation Caused by SARS-CoV

In COVID-19 patients, the rapid evolution of the disease requires prompt treatment because only a narrow time window

exists for therapeutic intervention. Indeed, after an incubation period, severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2) starts a rapid replication in the lung airway and alveolar epithelial cells. This activates an immune response

with cytokine production, excessive inflammation, and further amplification of the immune response that triggers the

cytokine storm. Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) may arise with dire consequences

(Figure 1). Moreover, the circulation of cytokines to other organs can lead to multi-organ damage.

Figure 1. Schematic representation of the progression of coronavirus disease-19 (C)VID-19).

In this regard, pulmonary drug delivery offers the advantage of carrying the bioactive molecule in direct contact with the

pathological lung epithelia, thus ensuring a rapid onset of the therapeutic response. High local drug concentrations may

be easily obtained by pulmonary administration with a concomitant increase of the pharmacological effect but without the

side effects elicited by other administration routes.

Drugs administered by enteral or parenteral routes, indeed, need to reach the blood circulation to be distributed to tissues

and organs and enter the pathological site. This general distribution may provide extensive side effects, particularly when

high drug administration doses are required to achieve a therapeutically active concentration of the drug in the

pathological site.

The increased pharmacological effect provided by high drug local concentrations and the decreased toxicity due to lack of

a systemic distribution may improve the overall therapeutic efficiency of the drugs administered by pulmonary route, as

demonstrated in several respiratory diseases, such as asthma, cystic fibrosis, and chronic obstructive pulmonary disease

.

The inhalation devices play a crucial role in the effectiveness of pulmonary drug administration. The most common

devices are nebulizers (e.g., jet nebulizers, ultrasonic nebulizers, and vibrating mesh nebulizers), metered-dose inhalers,

and dry powder inhalers . The selection of the inhalation device depends on the physicochemical characteristics of the

drug and its formulation. Liquid formulations are administered by nebulizers and metered-dose inhalers, and solid

formulations by dry powder inhalers. In each case, the inhalation device provides aerosol particles whose size can control

the extent of inhaled drug accumulation and the site of drug deposition within the airways. Smaller particles achieve a

greater total drug accumulation in the lungs and farther distal airway penetration compared with larger particles. Particles

smaller than 5 μm in diameter may flow in the airstream beyond the retro-pharynx and reach the trachea. Particles of 2–5

μm in diameter are deposited in the upper respiratory tract at the level of the trachea and tracheal bifurcation. Particles

smaller than 2 μm in diameter deposit in the lower airway and alveolar epithelia . Then, the modulation of

intrapulmonary deposition through the control of the aerosol particle size can appreciably improve the inhalation drug

therapy (Figure 2). The pulmonary administration of drugs mainly provides a local therapy but may also provide a

systemic therapy when the physicochemical characteristics of the drugs can support their absorption through the alveolar

epithelium at extents suitable to elicit systemic effects. Indeed, the large surface area, extensive vascularization, and

single-cell barrier in the alveoli make the lungs an appropriate portal for the systemic absorption of molecules, such as

insulin, human growth hormone, etc. 
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Figure 2. Inhalation of pulmonary formulations and size-dependent distribution of aerosol particles in the respiratory tract.

Pulmonary delivery of fenretinide could be a valuable tool in COVID-19 due to the possibility of obtaining a very high drug

concentration in the airway and alveolar epithelia, thus triggering a rapid onset of local anti-inflammatory response. At the

same time, the ability of fenretinide to induce an “antiviral environment” could further enhance its therapeutic efficacy

(Figure 3).

 

 

Figure 3. The potential use of fenretinide in COVID-19 by pulmonary delivery. SARS-CoV-2 lung infection triggers

excessive inflammation and activation of the cytokine storm. Pulmonary delivery of fenretinide can provide high drug

concentrations in the lung airway and alveolar epithelia, thus inducing a rapid onset of anti-inflammatory activity and an

“antiviral environment”. This generates a supportive adjuvant localized therapy useful in multimodal treatments.

In order to be effective, pulmonary fenretinide formulations should provide aerosol particle size smaller than 2 μm, for

deposit in the lower airway and alveolar epithelia, where the infection process is amplified by the extensive

vascularization. Moreover, after deposition, they should trigger a rapid drug release to speed up the onset of the

therapeutic activity.



Such formulations require fenretinide solubilization in an aqueous phase, and the adequate solubilization degree to

provide high concentrations of the bioavailable drug, in the lungs, after inhalation.

Unfortunately, the hydrophobic character of fenretinide strongly hinders its aqueous solubilization. Moreover, the

possibility to use solubilizing agents, such as tensides or water-mixable co-solvents, is severely restricted, by tolerability

issues, in the formulations destined to inflamed lungs.

Highly tolerated, aqueous fenretinide formulations have been obtained by complexation with cyclodextrins  or

encapsulation in nanomicelles .

Complexation with 2-hydroxypropyl beta-cyclodextrin has increased fenretinide aqueous solubility from 0.017 mg/mL

(pure drug) to 2.41 mg/mL (complex). The aqueous formulation of the complexed drug, administered by the parenteral

route, was well-tolerated and increased the drug bioavailability and antitumor activity in mouse models of different tumor

types .

Nanoencapsulation in phosphatidylcholine-glyceryltributyrate nanomicelles has increased fenretinide’s aqueous

solubilization up to 3.88 mg/mL (nanoencapsulated drug). The intravenous administration of the nanomicelles in mice

bearing tumor xenografts showed enhanced drug bioavailability and antitumor activity . Moreover, high tolerability was

demonstrated by the absence of adverse effects after repeated administrations and for protracted periods of time.

Therefore, the in vivo tolerability and the ability to provide high fenretinide solubilization levels suggest that complexation

with cyclodextrins  or encapsulation in nanomicelles  can be valuable means for preparation of safe and efficient

pulmonary fenretinide formulations.
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