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ABSTRACT

the most hidden alveolar areas.

The spread of SARS-CoV2 has been progressing continuously for over eight months. Numerous treatments have been proposed, and many have shown
efficacy and ability to control the Covid-19 syndrome in this study we propose for the first time, the use of replacement therapy with Pulmonary Surfactant
(PS), in patients admitted to intensive care. Pulmonary Surfactant is widely used to treat Acute Respiratory Distress Syndrome (ARDS) in preterm babies
and has shown remarkable therapeutic efficacy. Since ARDS, also known as hyaline membrane disease, has many pathogenetic and symptomatological
similarities with those produced by SARS-CoV2 infection, it may be useful to associate adjuvant therapy with Pulmonary Surfactant to current therapies
in use. The Surfactant that we propose in our study can act as a carrier to convey even drugs with reduced absorption and poor bioavailability, directly in
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Introduction

SARS-CoV2 represents today one of the most important virosis
of the last 10 years. The worldwide spread has created substantial
health problems, mainly linked to the lack of knowledge of
the characteristics of the virus, of its mode of transmission, of
virulence factors, of the immune trace. We know that SARS-
CoV2 is transmitted by air, although it is not its only mode of
transmission, and that the virus has a preferential tropism for
the pulmonary district. Person-to-person spread occurs through
contact with infected secretions, mainly through contact with
respiratory droplets, but can also occur through contact with
a surface contaminated by deposited droplets; it is not clear
whether the infection can be acquired via the fecal-oral route,
although there seems to be evidence to support this hypothesis.
Histological examinations of the patients’ lungs, derived from
autopsies of subjects who died of covid-19, revealed bilateral
diffuse alveolar damage (DAD), pulmonary edema and hyaline
membrane formation, typically indicative of acute respiratory
syndrome (ARDS), as well as cells characteristic syncytial in
the alveolar lumen, similar to the findings of the SARS-CoV2
outbreak of the year 2002/2003.

Similar Pathogenesis of ARDS (Acute Respiratory Distress
Syndrome) and SARS-CoV2

ARDS Pathogenesis

There is an obvious pathogenetic similarity between Acute
Respiratory Distress Syndrome caused by Coronavirus and that
produced for other pathogenic causes. ARDS syndrome in adults
(Adult Respiratory Distress Syndrome) is generally triggered by

acute pathologies that directly or indirectly damage the lung or by
systemic diseases. The main causes of ARDS are: sepsis, thoracic
trauma and aspiration of gastric fluids. In the initial phase, ARDS is
characterized by an increase in the permeability of the pulmonary
capillaries and alveolar epithelium, a phenomenon that causes
an outflow of plasma and neutrophilic granulocytes within the
alveolar space. This results in damage to the alveolar epithelial
cells, including type II cells, responsible for the production of
surfactant, with a consequent decrease in lung compliance and
atelectasis. Fig.1

Injured alveolus during the acute phase

Figurel: Schematic representation of ARDS pathogenesis

However, the most common form of respiratory distress syndrome
is the one that affects premature babies, called Neonatal Respiratory
Distress Syndrome (NRDS), also known as hyaline membrane
disease.
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SARS-CoV2 pathogenesis

The events that following the SARS-CoV?2 viral infection produce acute respiratory failure follow the same evolution as ARDS.
SARS-CoV2 infection begins with the entry of the virus into the host’s cells. For their entry the viruses use the thorns (spikes) present
on their surface and form the so-called “Corona” hence the name that characterizes this group of viruses. The spines, of a protein
nature, bind to specific receptors scattered on different cell types of the host: the ACE2 receptors. From here begins the replication
process of the virus and the progression of the infection. Fig. 2 to explain susceptibility to SARS-CoV2, the focus has shifted to the
ACE-2 receptor (Angiotensin 2 Converting Enzyme,) the “gateway” for this Coronavirus and also for other viral agents responsible
for epidemics in the past. It is an enzymatic protein. It plays a key role in the renin-angiotensin-aldosterone system (SRAA), which
is the main regulator of renal excretion of salt and water, circulating plasma volume and blood pressure. ACE-2 is found on the
membrane of lung cells, but also in other areas such as arteries, heart, kidney and intestines. The binding of the virus to the receptor
favors its internalization in the host cell. Fig. 2
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Figure 2: SARS-CoV-2 viral infection of host airway cells

From a pathogenetic point of view, SARS-CoV2 infection can cause widespread endothelial dysfunction that affects various organs and
cause different pathological expressions, from acute respiratory failure to disseminated microembolism [1]. In the lungs, following the
invasion of the lungs by the virus, the epithelial lining of the respiratory tree is damaged, causing inflammation. As the inflammation
progresses, damage to the epithelium of the respiratory tract occurs, reaching the capillaries that line the pulmonary alveolus, the terminal
portion of the respiratory bronchioles. Once infected and inflamed, the capillaries exude inflammatory material into the pulmonary alveoli
[2,4]. The lungs, which progressively fill with inflammatory material, are unable to receive enough oxygen for the local and systemic
circulation. This phenomenon generates a clear reduction in peripheral blood O2 saturation with difficulty in disposing of carbon dioxide.
This cascade of pathophysiological events is the leading cause of death following severe SARS-CoV2 pneumonia. In 15-20% of cases,
the immune system’s response to lung inflammation can cause what is known as a “cytokine storm”. This fleeting syndrome can cause
more damage to cells in the body than to the virus it is trying to defeat, and is believed to be the main reason why patients’ conditions,
even in healthy individuals, can rapidly deteriorate. Fig. 3 [5-9]. if the alveoli collapse, the patient should undergo assisted ventilation.
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The main pathological features in lungs included extensive impairment of type I alveolar epithelial cells and atypical hyperplasia
of type II alveolar cells, with formation of hyaline membrane, focal hemorrhage, exudation and pulmonary edema, and pulmonary
consolidation. The mucous plug with fibrinous exudate in the alveoli and the dysfunction of alveolar macrophages are characteristic
abnormalities. Fig. 4
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Figure 4: Model of an infected alveolus in the lung
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The most common symptoms produced by the SARS-CoV2
viral infection are: hyperthermia, dry cough, fatigue, mucosal
expectoration, dyspnoea, sore throat (14%), headache (14%),
muscle pain (14%), chills (11%). Less frequent are: nausea and
vomiting (5%), stuffy nose (5%) and diarrhea (4%). In the most
serious cases, almost all found in subjects already suffering
from previous pathologies, interstitial pneumonia develops,
acute renal failure, up to death. As ARDS progresses to the acute
phase, alveolar flooding (edema), interstitial inflammation and
compression atelectasis are observed, as well as an increase in the
fibrous volume of the lung tissue and a decrease in the volume of
lung gases [3]. COVID-19 patients suffering from ARDS / ALI
(Acute Lung Injury) often require intubation and mechanical
ventilation to offset respiratory distress as increasing hypoxemic
respiratory insufficiency generates widespread acute alveolar
damage [10-11]. The initiation and development of ARDS / ALI
depends on the activation of the inflammasomes. Inflammasomes
are an integral part of our innate immune system. Inflammasomes
detect pathogens and their activation releases pro-inflammatory
cytokines: interleukin (IL) Ip and IL 18. Recently, the NLRP3
inflammasomes has been identified as a key to the induction of
ADRS /ALL Interleukin 1 beta (IL-1p) is a potent proinflammatory
cytokine implicated in the pathogenesis of acute respiratory
distress syndrome. The production of IL-1 is strictly controlled
and depends on the activation of the NLRP3 inflammasomes. All
viruses code for proteins that can interfere with the innate immune
system. Interference can inhibit or enhance host immune responses.
Some viruses disrupt the immune system to promote evasion and
pathogenicity, while others modulate cellular factors that also
disrupt immune responses. Viroporins E of SARS-CoV viruses
are proteins that form protein-lipid channels in cell membranes
such as to allow the passage of calcium ions. These ion channel
movements involving calcium are specific triggers in the activation
of NLRP3 inflammasomes, resulting in overproduction of pro-
inflammatory IL-1B cytokines. The transport of calcium through
these protein E ion channels initiates the cytokine production
cascade capable of generating uncontrollable cytochemical storms
and ARDS / ALI resulting in bilateral interstitial pneumonia. lonic
disorders at the cellular level are the reason why coronaviruses
such as SARS-CoV2 can have a destructive impact in causing
severe immunopathological consequences that in the early stages
of the virus were out of control in infected patients.

Role of Pulmonary Surfactant (PS)

Surfactant is a fluid produced by the alveolar epithelium of the
lungs and plays an essential role in respiratory dynamics. It
covers, like a thin film, the inner wall of the alveoli and plays the
fundamental role of reducing the surface tension at the air / liquid
interface, thus preventing alveolar collapse in the exhalation phase
of the respiratory cycle. Surfactant deficiency is the major cause
of respiratory distress syndrome (RDS) in infants. Chronic lung
disease can be caused by numerous changes that damage lung
tissue and are often associated with inflammatory processes that
alter the normal function of pulmonary surfactant (PS). PS is a
lipid-protein material that covers the entire respiratory surface
of mammals. Fig. 4
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Figure 4: Schematic representation of the respiratory blood-gas
barrier

The surfactant, as already described above, is a mixture of
phospholipids and structural proteins, it is synthesized by type I1
pneumocytes and accumulated in the lamellar bodies, intracellular
organelles in which secretion then takes place, with the fusion
of their outer membrane with the apical plasma membrane of
the cell, and with consequent diffusion of the surfactant in the
alveolar space. Surfactant (SP) Proteins: In recent years, SPs
have been the subject of particularly in-depth studies. There are
4 proteins associated with surfactants: SP-A, SP-B, SP-C and
SP-D: two of these (SP-A, SP-D) are water-soluble, the other two
are hydrophobic. Fig. 5
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Figure 5: Typical pulmonary surfactant composition, Structural
models of surfactant proteins

SP-A is a lectin made up of 18 monomeric molecules grouped
together in a sort of bouquet of flowers. (Fig. 5 right) Some of the
recognized functions of SP-A intervene in the metabolic cycle of
surfactant, participating in the process of converting the lamellar
bodies into tubular myelin within the air spaces. SP-A also appears
to be involved in regulating the flow of surfactant into and out
of type II cells by binding to a specific receptor present on these
cells. It also plays an important role in improving the resistance
to surfactant inhibition and in stimulating alveolar macrophages,
therefore it seems to play a fundamental action in the defense
mechanisms of the lung. In particular, two proteins play a critical
role for the surfactant properties of the surfactant, the surfactant
proteins B (SP-B), and C (SP-C), which represent about 4% of
the total and are encoded respectively by the SFTPB and SFTPC.
Mutations in the genes encoding these proteins are the cause of
acute neonatal respiratory failure and pulmonary interstitial disease
in the infant and child.
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Surfactant lipids

Although the composition of PS varies between different species
and environmental conditions, it consists mainly of phospholipids
(80-90%), mostly saturated dipalmitoyl-phosphatidylcholine
(DPPC), neutral lipids (6-10%) among which the cholesterol
(Cho) is the most abundant molecule; and at least four specific
proteins (5-10%) of which two are hydrophilic (SP-A and SP-
D). The main function of the surfactant is to allow the rhythmic
expansion of the alveoli during breathing and to prevent their
collapse during exhalation, however the surfactant also participates
in the response of the alveoli to a large variety of external attacks
such as inflammation, infections and oxidative stress. In the lungs
there is an interface between the liquid that covers the alveolar
walls and the gas inside them. Also in this case, the surface
liquid layer tends to contract and expel the air to the outside with
consequent collapse of the alveoli. The pressure generated inside
these due to the surface tension is called collapse pressure, and
can be estimated through Laplace’s law.

2}' Where;
P: internal pressure [Pa];
+ : surface tension [N/m];

r: internal radius of the socket [m].

Figure 6: Diagram of the forces acting on the internal surface of
the alveolus. Lo is represented in gray aqueous layer that covers
the alveolar wall; the surfactant molecules are partially immersed
in it, as illustrated on the left.

P: pressure, y: surface tension, r: internal radius of the alveolus.

The collapse pressure is, according to Laplace’s law directly
proportional to the surface tension: the more the latter increases,
the greater the pressure to overcome to avoid the collapse of the
alveoli and is inversely proportional to the radius of the alveolus.
In the physiological lung, the surface tension is greatly reduced
by the presence of the surfactant. The absence of surfactant can
lead to atelectasis (collapse of the alveoli).

To summarize it can be said that the surfactant performs important

functions by reducing the surface tension:

1. increases lung compliance and therefore reduces the work
required for lung expansion;

2. Contributes to the stability of the alveoli by preventing their
collapse;

3. Limits the risk of pulmonary edema by decreasing the recall
force of liquids within the alveolus;

Pulmonary Surfactant (PS) as a Drug Delivery

In analogy with liposomes, i.e. nanometric vesicles composed
of a phospholipid bilayer that encloses an aqueous core, the
incorporation of different classes of drugs into proteolipid vesicles
consisting of PS components has been considered a promising
strategy for years. Following the concept of using liposomes as a
way to encapsulate and enhance the bioavailability of hydrophobic
compounds, it has been proposed that liposomes Surfactants
facilitate the release of poorly water-soluble drugs into the lung
air spaces [12]. However, the relative efficacy of these lipid /
surfactant drug combinations has been poorly evaluated. Recent
studies have shown that the intrinsic ability of lipid-PS protein
complexes to adsorb and diffuse along air-liquid interfaces can

certainly be used to facilitate local interface-assisted drug delivery.
Surfactant deficiency is the major contributor to infant respiratory
distress syndrome (RDS) and adult respiratory distress syndrome
(ARDS). Since 1980, the exogenous administration of surfactant
for the treatment of these syndromes in children is being studied.

Pulmonary Surfactant (PS), adjuvant therapy in SARS-CoV-2

After a devastating impact, secondary to the lack of knowledge

of the viral variant caused by the Covid-19 syndrome, numerous

treatments have been used on an experimental basis, up to
the formulation of effective pharmacological schemes able to

intervene in every phase of the disease. We mention a few [37-38]:

« Hydroxychloroquine- It has important curative effects,

especially in the initial stages of covid-19, its administration

must take into account the often important complications in
the course of arrhythmogenic heart disease;

Remdesivir-Widely used in several countries. Several clinical

trials are underway to verify their clinical efficacy;

< Azithromycin - Antibiotic belonging to the Macrolide
family, associated with therapies to prevent any respiratory
superinfections of bacterial origin;

« Hyperimmune plasma-Plasma extracted from patients
in remission from Covid-19 syndrome. Very satisfactory
preliminary clinical results;

< High-dose corticosteroid therapy: Dexamethasone-Used for
patients with septic shock secondary to acute respiratory
distress syndrome.

« The use of NSAIDs in patients with Covid-19 symptoms
recently under the FDA study has proved extremely effective.

« In general, as with any type of disease, drug treatment is
not recommended for young, healthy patients with mild
symptoms and no underlying concomitant conditions.

X3

A

Rationale for the use of Surfactant in SARS-CoV-2

From the foregoing, the effects of ARDS from SARS-CoV-2 or
other pathologies produce a common devastating effect on the
respiratory level: the destruction of the alveolar epithelium with
the collapse of the respiratory cavity and related acute respiratory
failure.

PROSUREF extractive surfactant produced and patented by the
Argentina Company LIPOTECH S.A./ NIALTEC SA4, (www.
lipotech.com.ar), already used in the treatment of pulmonary
distress syndrome in premature babies.

PROSUREF is marketed in Latin America as a drug under the
following brand names:

In Argentina

1. Baby Fact® B: GeMePe SA

2. Natsurf®: Laboratorios Richet SA.

3. Surfactante B Richet: Laboratorios Richet SA.

In Brazil

1. Baby Fact® P: GeMePe SA

2. Surfactante P Richet: Laboratorios Richet SA.

PROSUREF has the following composition:
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Figure 7: Composition of Prosurf
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PROSURF Pulmonary Surfactant is a natural complex extracted
from bovine lungs, washed and purified and is composed of
phospholipids, neutral lipids and four specific proteins (SP-A,
SP-B, SP-C and SP-D). Fig. 7 Surfactant plays a vital role in
lung physiology with two types of functions previously outlined
Biophysical: Avoid alveolar collapse and bronchial obstruction
during normal or breathing forced.

Immunological: Protects the lungs from injuries and infections
caused by the inhalation of particles and microorganisms.

Administration of exogenous surfactant has become standard
therapy for infants with respiratory distress syndrome (RDS)
or jaline membrane disease PROSURF has demonstrated in
numerous clinical studies, using the appropriately marked product,
a high distribution capacity at the alveolar level and resolution of
respiratory failure. [17-36], Fig. 8
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Figure 8: Distribution of PROSUREF in various organs

C Solana, et al reports that treatment with this surfactant has rapid
effects that improve the outcome of memnbrane jaline disease.
No adverse effects could be found related to the administration
of surfactants.

Conclusion

Eight months after the start of the SARS-CoV-2 pandemic, we
propose the use of the replacement Pulmonary Surfactant, as an
adjuvant to the therapies currently in use to contain the symptoms
and prevent the most damaging effects of ARDS, until they are
available. Truly effective drug therapies or vaccines. PROSURF
can represent a valid support, both for the demonstrated efficacy
in overcoming the critical effects of acute respiratory syndrome,
and for the ease of administration by inhalation. It can also be
used as a carrier to convey drugs with reduced absorption, which
will thus be able to reach the entire alveolar area with maximum
bioavailability.
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