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Abstract. - Although most patients with
coronavirus disease 2019 (COVID-19) have a
good prognosis, in some cases, the disease pro-
gresses rapidly, and the mortality rate is high.
Some evidence suggests that infection with the
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) produces a ‘cytokine storm’,
which is related to acute respiratory distress
syndrome or multi-organ dysfunction leading to
physiological deterioration and death. It is im-
portant to highlight the state of hypercoagula-
bility that can be triggered, involving microvas-
cular thrombosis and vascular occlusive events,
which are relevant to such poor outcomes. At
present, no specific antiviral drug or vaccine is
available for SARS-CoV-2 infection, and current
research is aimed at preventing and mitigating
damage to the target organs, mainly the lungs.
In seeking therapies for patients with COVID-19,
immunomodulators, cytokine antagonists and
early anti-coagulation therapies have been test-
ed in attempts to reduce the mortality rate. Pent-
oxifylline, a non-specific phosphodiesterase in-
hibitor widely used to improve the rheological
properties of blood, has beneficial anti-inflam-
matory properties and can significantly reduce
the serum levels of pro-inflammatory cytokines
such as interleukin (IL)-6, IL-1, tumour necrosis
factor-alpha, C-reactive protein and other im-
munoregulators. It has also been found to exert
anti-thrombotic, antioxidant and anti-fibrogenic
actions. These properties could help to prevent
or mitigate the inflammatory response and hy-
percoagulability that develop with SARS-CoV-2
infection, decreasing multi-organ dysfunction
manifesting primarily as acute lung injury.
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Introduction

The outbreak of infections with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)
causing coronavirus disease 2019 (COVID-19) be-
gan in Wuhan, the capital of Hubei Province,
China, but rapidly spread to many other countries'.
Critically ill patients have the following common
features: (1) sudden deterioration in the disease
around 1-2 weeks after onset; (2) very low levels
of lymphocytes, especially natural killer cells, in
peripheral blood; (3) extremely high levels of in-
flammatory parameters, including C-reactive pro-
tein (CRP) and pro-inflammatory cytokines such as
interleukin (IL)-6 and -8, and tumour necrosis fac-
tor-alpha (TNF-a), collectively called a ‘cytokine
storm’; (4) most infiltrating immune cells in lung
lesions comprise monocytes and macrophages, but
minimal infiltration of lymphocytes is seen; and (5)
vasculitis, hypercoagulability and multiple organ
damage?. A cytokine storm is considered to be one
of the major causes of acute respiratory distress
syndrome and multi-organ failure. Therefore, the
treatment of a cytokine storm has become an im-
portant part of rescuing critically ill patients®. At
present, no specific antiviral drugs or vaccines are
available for SARS-CoV-2 infection, so the thera-
peutic strategies are only supportive and preven-
tive, aiming to reduce transmission. Thus, the iden-
tification of well-characterised and approved drugs
could be especially useful in such pandemics*>.

Therapeutic Utility of Pentoxifylline
Pentoxifylline, a non-specific phosphodiester-
ase inhibitor, has been used extensively for the
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treatment of vascular peripheral and cerebro-
vascular diseases, as it improves the rheological
properties of blood by decreasing its viscosity,
primarily through a reduction in plasma fibrin-
ogen. Pentoxifylline also increases the deform-
ability of erythrocytes, decreases platelet aggre-
gation and increases the filterability of blood by
suppressing neutrophil activation, resulting in
therapeutic benefits via improved microcircu-
lation and tissue oxygenation®’. Pentoxifylline
has also been widely reported to have both an-
tioxidant and anti-inflammatory properties. The
antioxidant effects of pentoxifylline arise from a
decrease in the activation of neutrophils—which
generate reactive oxygen species (ROS)—there-
by protecting against unwanted tissue damage®.
Pentoxifylline also has important anti-inflamma-
tory properties and a wide range of documented
immunomodulatory effects. Pentoxifylline has
been shown to suppress the production of IL-1b,
IL-6, IL-8, TNF-a and CRP both in vitro and in
vivo’ !, Pentoxifylline has also been shown to
increase the levels of anti-inflammatory 1L-10"
and inhibit T cell and natural killer cell cytotox-
icity"!"*. Additionally, pentoxifylline completely
inhibits the surface expression of intercellular
adhesion molecule-1 and the production of IL-
8 and monocyte chemoattractant protein-1 by
cytokine-activated human pulmonary epithelial
cells'>'6.  Acute respiratory distress syndrome is
the most severe form of acute lung injury seen in
patients with COVID-19, and the mortality rate
for those requiring mechanical ventilation is very
high'”. The severe deterioration of some patients,
as well as acute lung damage, has been closely
related to very high levels of various proinflam-
matory cytokines (IL-6, IL-8, IL-1p and TNF-a),
granulocyte and macrophage colony-stimulating
factor, ROS and chemokines such as CC chemo-
kine ligand (CCL)-2, -5, and -3 and interferon
gamma (IFNg)-induced protein 10. Dysregula-
tion of the cytokine/chemokine response triggers
an inflammatory cytokine storm accompanied
by immunopathological changes in the lungs’.
An outstanding finding in patients with severe
COVID-19 infection is coagulopathy; thus, ap-
proximately two-thirds of patients who died from
COVID-19 developed disseminated intravascular
coagulation (DIC) during their hospital stay'®. The
levels of D-dimer, fibrin/fibrinogen degradation
products and fibrinogen in all cases of COVID-19
were substantially elevated, with manifestations
of the hypercoagulable phase of DIC with mi-
crovascular thrombosis and vascular occlusive

events'®. Therefore, early anti-coagulant therapy
might help block thrombogenesis and reduce the
formation of microthrombi. In clinical studies,
pentoxifylline treatment has been found to pro-
tect against sepsis-induced microcirculatory de-
rangement and decrease the incidence of DIC and
multiple organ dysfunction syndrome?*?'. Pent-
oxifylline also has anti-fibrogenic properties and
can be beneficial in treating fibrosis?’. Therefore,
it is used in therapy for radiation-induced lung
injury in both the acute phase of pneumonitis and
the prevention of pulmonary fibrosis by radiation,
conditions related to elevated plasma levels of 1L-
la and IL-6%%,

Conclusions

We suggest that the pentoxifylline could be
a valuable adjuvant treatment in patients with
COVID-19. Its anti-inflammatory, anti-thrombot-
ic, rheological, antioxidant and anti-fibrogenic
properties might help to prevent or mitigate the
inflammatory response and occlusive thrombotic
events, thereby decreasing multi-organ dysfunc-
tion and acute lung injury. We hope that this work
can provide a basis for future studies on the safe
and effective use of pentoxifylline in patients
with such infections.
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