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Abstract
Since March 2020, the world has been fighting a global pandemic caused by a new coronavirus SARS-CoV-2 (COVID-19).
SARS-CoV-2 is responsible for severe acute respiratory syndrome, an airway disease that can be severe and fatal in a percentage
of cases. Patients with severe COVID-19 can develop extrapulmonary lesions, with renal, hepatic, cardiac, neurological, and
tissue involvement that can cause further severe complications. On December 21, 2021, the EuropeanMedicines Agency (EMA)
authorized the marketing of the first COVID-19 vaccine. However, several randomized trials are ongoing to find effective, safe,
and widely available treatments. The most severe stages of COVID-19 infection are characterized by a multi-system inflamma-
tory state induced by a cytokine storm causing multi-organ injury. Epidemiologic evidence has shown that glucocorticoids
(GCs), particularly dexamethasone, are used in severe, hospitalized patients with COVID-19 with good therapeutic benefit.
COVID-19 can also damage the endothelial system, causing microcirculatory disturbances and consequently leading to func-
tional organ disorders. The combination of endothelial dysfunction with a generalized inflammatory state may contribute to the
general pro-coagulative state described in patients with COVID-19 with increased risk of venous and arterial occlusions. The aim
of this article is to describe the therapeutic utility of GCs in stabilizing the vascular endothelial barrier in COVID-19 infection.
Indeed, we believe that the stabilization of the endothelial barrier and the anti-inflammatory effect of GCs could be themain effect
underlying the therapeutic efficacy in COVID-19 patients.
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Introduction

Aim of this article

The aim of this article is to describe the therapeutic utility of
GCs in stabilizing the vascular endothelial barrier in COVID-
19 infection. The stabilization of the endothelial barrier and
the anti-inflammatory effect of GCs could be the main effect
underlying the therapeutic efficacy in COVID-19 patients.

The global pandemic COVID-19

Since the beginning of the SARS-CoV-2 coronavirus out-
break in Wuhan China in November 2019, COVID-19 has
rapidly spread around the world. In March 2020, the WHO
declared a global pandemic status caused by COVID-19
(https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports.)

Covid-19, viral infection

Clinical manifestations

SARS-CoV-2 virus is transmitted from human to human (Li
et al., 2020b). In most cases, the incubation period is approx-
imately 5 days after exposure; in some cases, it can last up to
15 days. The infection in a good percentage of cases may have
a totally asymptomatic or mildly symptomatic course. The
most common symptoms are cough and dyspnea, myalgia
and fatigue, and olfactory disturbances. Epidemiologic
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evidence shows that fever is present in approximately 90% of
patients hospitalized with COVID-19. A percentage of
COVID-19-positive patients presents gastrointestinal symp-
toms such as nausea and diarrhea (Chen et al. 2020). In a
percentage of patients, SARS-CoV-2 infection can cause sev-
eral serious complications: acute respiratory distress syn-
drome (ARDS) is the major complication in COVID-19-
positive patients. Bilateral interstitial pneumonia appears to
be the most frequent severe manifestation of infection charac-
terized by cough and dyspnea (Fu et al. 2020). However, in
addition to the respiratory system, other organs, particularly
the cardiovascular system, may also be affected.
Epidemiological data report cases of acute cardiac injury from
COVID-19. Thromboembolic complications, including pul-
monary embolism, have also been reported. Some cases report
hepatic injury (Struyf et al. 2020). Lesions of the lungs and
other organs such as the heart or liver appear to be caused by
direct or indirect damage from the virus (Chung et al. 2020).
SARS-CoV-2 uses the entry receptor ACE-2 to penetrate host
cells (Li et al. 2020a; Vitiello and Ferrara 2020a,b), the latter
being expressed in several tissues, at the level of type II
pneumocytes, cardiac cells, liver cholangiocytes, and endo-
thelial cells. In the most severe stages of COVID-19 infection,
a “cytokine cascade”(Vitiello et al. 2020a; Ferrara et al.
2020a) is generated, responsible for multi-system inflamma-
tion leading to organ injury (Ferrara et al. 2020b). As men-
tioned above, a percentage of COVID-19-infected patients
show lesions of the cardiovascular system (Clerkin et al.
2020; Vitiello and Ferrara 2020c). Although the exact patho-
physiological mechanism of cardiovascular injury in COVID-
19 remains to be elucidated, there are multiple possible causes,
including acute ischemic injury due to coronary artery ob-
struction, inflammatory myocardial edema, endotheliitis, and
tissue edema due to a dysregulated and systemic immune/
inflammatory response (Varga et al. 2020). Neurological dam-
age is also associated with COVID-19 infection; binding of
SARS-CoV-2 spike proteins to brain endothelial cells can
result in loss of the blood-brain barrier, potentially causing
the neurological symptoms associated with COVID-19.
Evidence suggests that loss of vascular function and tissue
edema play an important role in COVID-19 organ damage.
First, there is invasion of endothelial cells (ECs) by the virus;
second, there is generalized inflammation. The resulting
endotheliitis is characterized by endothelial cell dysfunction.
Endothelial dysfunction causes a systemic condition in which
the endothelium loses its physiological and functional proper-
ties, such as vasodilation, fibrinolysis, and antiplatelet. This
endothelium might explain the cardiovascular complications
from COVID-19 (Teuwen et al. 2020). Furthermore, the de-
crease in ACE-2 in the more severe stages of infection leads to
an increase in angiotensin 2 (Ang II) and activation of the
kinin-kallikrein system (KKS) and increased vascular perme-
ability. Endothelial dysfunction may be responsible for tissue

edema and thrombosis formation (Fig. 1). The efficacy against
inflammation and endothelial damage may be the main expla-
nation for the efficacy of synthetic glucocorticoids (GCs) in
patients with severe COVID-19. On December 21, 2021, the
European Medicines Agency (EMA) granted marketing au-
thorization for the first COVID-19 vaccine in people 16 years
of age and older. To date, there are no direct antivirals against
SARS-CoV-2, and therapeutic treatments are experimental
(Who 2020; Vitiello et al. 2020a,b; Vitello and Ferrara
2021; Ferrara 2020).

Normal endothelial function

Endothelial tissue is the cell monolayer that lines the inner
surface of blood vessels. In response to stimuli, the endothe-
lium releases factors that regulate vasomotor function, inflam-
matory processes (e.g., neutrophil recruitment), angiogenesis,
and hemostasis. Factors that modulate vascular tone (Daiber
et al. 2017) are classified as endothelium-derived relaxation
factors (EDRFs), including nitric oxide (NO), prostacyclin
(PGI2), and endothelium-derived hyperpolarizing factor
(EDHF), and endothelium-derived contraction factors
(EDCFs), including angiotensin II, endothelin-1, and vaso-
constrictor prostanoids. Impairment of NO synthesis in endo-
thelial dysfunction is responsible for excess vasoconstriction
with increased vessel tone as well as decreased anti-
aggregative activity.

GCs and endothelites COVID-19 induced

Synthetic GCs are glucocorticoid receptors (GCr) agonists and,
to a lesser extent, mineralocorticoid receptors (MRs), both of
which are members of the nuclear receptor superfamily of
ligand-activated transcription factors (Alexander et al. 2008).
The main GR responsible for the therapeutic effects of GCs is
GRα (Walker 2007). In the vascular system, GRs are expressed
by intact arteries, vascular smooth muscle cells, and endothelial
cells. Therefore, the conditions suggest for direct modulation of
endothelial function by GCs. Evidence from in vitro and ex vivo
models suggests that GCs are capable of directly modulating
endothelial function. However, their effects appear to differ de-
pending on whether they are used in healthy or in inflammation-
associated conditions. Epidemiological evidence has associated
treatment with GCs, particularly dexamethasone, with good ther-
apeutic efficacy in COVID-19 patients. In particular, recommen-
dations on the use of GCs for COVID-19 patients are based
largely on data from the RECOVERY trial, a large multi-center,
randomized, open-label study. This study compared hospitalized
patientswho received up to 10 days of dexamethasonewith those
who received the standard of care. Mortality at 28 days was
lower among patients who were treated with dexamethasone.
This benefit was observed in patients who were mechanically
ventilated or required supplemental oxygen at the time of
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enrollment (Horby et al. 2020). As described, patients with se-
vere COVID-19 may develop a systemic inflammatory response
that can lead to lung injury, cardiovascular injury, and neurologic
injury. It has been proposed that the potent anti-inflammatory
effects of COVID-19 may prevent or mitigate these detrimental
effects. In particular, we believe that endothelial damage caused
by an abnormal inflammatory response and an unregulated im-
mune system is a major cause of tissue damage that occurs in the
most severe stages of infection. The anti-inflammatory properties
of GCs are associated with a reduction in the generalized inflam-
matory state in the severe COVID-19 patient with maintenance
of the integrity, function, and normal activity of the endothelium
and macro- and microcirculation. However, modulation of the
endothelium under conditions of functional integrity and under
conditions of inflammation associated with viral infection must
be classified. Specifically, the effects of GCs on endothelial func-
tion in the physiological condition may lead to impaired endo-
thelial function (Schäfer et al. 2005; Ramzy et al. 2008). The
mechanisms involved are decreased vascular NO availability,
which is secondary to decreased eNOS (endothelial nitric oxide
synthase) activity (Rogers et al. 2002), decreased eNOS gene
transcription, increased eNOS degradation (Liu et al. 2009), de-
creased eNOS protein stability, and decreased levels of
tetrahydrobiopterin, a cofactor required for eNOS enzyme activ-
ity (Dorrance et al. 2004). In addition to decreasing eNOS activ-
ity/expression, GCs have been found to reduce the bioavailability
of vascular NO by increasing the production of reactive oxygen
species (ROS). Exposure of endothelial cells to dexamethasone
increases ROS production by NAD(P)H oxidase and xanthine
oxidase, decreases NO production, and increases cytotoxic
peroxynitrite (ONOO-) production. Vascular inflammation is
manifested in several ways, including increased expression of

endothelial cell (EC) adhesion molecules, recruitment of inflam-
matory cells, cytokine release, and reduced nitric oxide (NO)
bioactivity (Ait-Oufella et al. 2010; Lorant et al. 1995).
Physiologically, endogenous glucocorticoids exert a permissive
role in suppressing local and systemic inflammation.
Administration of GCs, such as dexamethasone, is widely used
to suppress inflammation, and indicated in autoimmune diseases,
although the mechanisms by which they act are not fully under-
stood (Lee andBurckart 1998; Longui 2007). The role ofGCs on
endothelial function under inflammatory conditions seems differ-
ent than under physiological conditions. Compelling evidence
supports a beneficial vascular effect of GCs in high-grade inflam-
mation associated with septic shock, and this effect is mediated
by activation of the endothelial GC receptor (Goodwin et al.
2013, 2014). The mechanisms involved in the beneficial effects
of GCs on endothelial cells under inflammatory conditions are
likely due to a decrease in endothelial expression of cytokines
(IL-6, IL-8), G-CSF, VEGF, endothelin-1, NFκB, arginase 2,
and COX-2. The use of GCs may lead to avoidance of microcir-
culatory disturbances, and consequently functional disturbances
of all internal organs may also avoid endothelial dysfunction and
generalized inflammatory state by indirectly reducing the general
pro-coagulative state described in COVID-19 patients leading to
venular and arteriolar occlusions. (Salvador et al. 2014; Lefer
et al. 1980; Oakley and Cidlowski 2015).

Conclusions

Epidemiological evidence shows the efficacy of dexametha-
sone in severe COVID-19 in reducing mortality. We believe
that the main anti-COVID-19 effect of GCs is associated, in

Fig. 1 The substances produced by the endothelium are vasoactive
compounds, growth factors, mediators of inflammation, adhesion
molecules, proteins of the hemostatic system. Through this wide range
of compounds the endothelium intervenes in the control of vascular
homeostasis, inflammation, immunity, hemostasis and performs a
number of important metabolic functions The invasion of endothelial
cells (EC) by the virus and the release of inflammatory cytokines cause

inflammation of the endothelium. The resulting endotheliitis is character-
ized by endothelial cell dysfunction. Endothelial dysfunction causes a
systemic condition in which the endothelium loses its physiological and
functional properties, such as vasodilation, fibrinolysis, and antiplatelet.
This induced endotheliitis may be responsible for tissue edema and the
risk of thrombosis leading to organ damage in the COVID-19 patient
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parallel with known anti-inflammatory activities, with modu-
lation of vascular and endothelial wall inflammation, reducing
organ and tissue injury, edema formation, and the risk of ar-
terial and venous occlusion, in the most severe stages of
SARS-CoV-2 infection.
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