SUMMARY

The hypothalamic-pituitary-adrenal (HPA) Axis is
the primary mechanism by which the Central
Nervous System interacts with the Endocrine
System. In response to environmental stressors,
including viral infections, the HPA Axis mobilizes
the appropriate metabolic resources to meet
specific demands. The final effector hormone of
the HPA Axis is cortisol. Cortisol release increas-
es markedly upon awakening and then gradually
decreases throughout the day, reaching a min-
imum around midnight.

- Alterations in this specific pattern of cortisol
secretion are associated with adverse health
consequences, including sleep disorders and
chronic inflammatory diseases, the origin of
which may be related to a sensitized cortisol re-
sponse. Diet and nutritional status play a key
role in restoring order to a cortisol-related organ
system that does not respond physiologically to
external stimulation.

- In this article, our focus is on four components
in particular: selenium (in its organic form of se-
lenium-methionine), as a trace element consti-
tuting several selenium-proteins involved in the
modulation of oxidative stress, phosphatidylser-
ine, a membrane phospholipid promoting cor-
rect apoptosis and amplifying antioxidant enzy-
matic activity, vitamin D which, in synergy with
selenium, mitigates the inflammatory response,
and vitamin B5 whose role as an energy booster
is crucial for the production of glutathione and
thus for reducing oxidative stress.
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INTRODUCTION

Cortisol is a powerful anti-inflammatory
hormone produced by the adrenal
glands in the fasciculated area of the
cortical portion. Its dysfunction can lead
to widespread inflammation following
the reactivation of an acute reaction to
stress with various origins.

— Generally speaking, high levels of
cortisol are associated with diets that
are high in animal protein and carbohy-
drates with a high insulin-sensitive gly-
caemic index inducing the production
of further cortisol.

Despite stress being an inevitable part
of life, a prolonged or excessive re-
sponse to pain or various factors can in-
tensify sympathetic and neuroen-
docrine activity, deplete cortisol and
perpetuate widespread pain and in-
flammation.

Following acute stress, high cortisol lev-
els may help to reinforce fear-based
emotional memories for even unexpect-
ed, previously unknown events, condi-
tioning a physiological response to
stress, making it sensitised.

— A hypervigilant response to stressful
stimuli may lead to frequent or pro-
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longed activation of the hypothalamic-
pituitary-adrenal (HPA) Axis.

Following a chronic reactivation of the
HPA, cortisol dysfunction may encour-
age the transmission of pain through al-
tered modulation or the repeated acti-
vation of nociceptors by pro-inflamma-
tory mediators.

The reactivation of a stress response trig-
gers the release of pro-inflammatory
sympathetic catecholamines.

Cortisol’s compromised anti-inflamma-
tory functions can intensify and prolong
the short-term physiological inflamma-
tory response.

— The side effects of systemic inflamma-
tion may include 1) autoimmune sus-
ceptibility, 2) widespread oxidative
damage, 3) the accumulation of free
radicals produced by the inflammation
itself, with the related tissue degenera-
tion.

Osteoporosis, myopathies, and idio-
pathic neuropathies are common man-
ifestations of systemic inflammation,
and pain is a common effect of these
conditions.

— Viral infections can induce various
physiological changes in the human En-
docrine System, resulting in a cytokine-
mediated activation of the HPA Axis to
increase the production of cortisol, thus
modulating the immune response.

Any virus that causes systemic viraemia
and inflammation can stimulate the
HPA Axis to release cortisol, through
early pro-inflammatory cytokines (IL-1,
IL-6, and TNF-a) and T-cell related cy-
tokines, INF-y, and IL-2.

These mediators act on the hypothala-
mic cells that produce CRH (corti-
cotropin-releasing hormone), the ante-
rior pituitary and the adrenal cortex to
increase glucocorticoids during viral
disease.

* At the moment, the Coronavirus dis-
ease (COVID-19, SARS-CoV-2) mainly
involves the lungs, leading to pneumo-
nia, which is often complicated by
acute respiratory distress syndrome, and
sepsis.

The pathogen enters the pneumocyte
using the host’s angiotensin-converting
enzyme 2 (ACE2) as a receptor.

Binding results in the down-regulation
of ACE2 and the ineffective conversion
of the pro-thrombotic angiotensin Il (the
levels of which are directly proportional
to those of cortisol and the proportion
of spike proteins on the surface of the
Coronavirus), into angiotensin .

Furthermore, the enzyme is expressed
on the arterial and venous endothelial
cells of many organs, including the
adrenal glands.

— It is common knowledge that the se-
vere course of the disease is associated
with an overreaction of the immune sys-
tem with a mass release of cytokines and
chemokines (‘cytokine storm’), which
can be correlated with HPA dysfunction.

Elevated cytokines also trigger the in-
duction of hyaluronan synthase 2
(HAS2) in alveolar epithelial cells (type
2) and fibroblasts.

— Thus, the synthesis of hyaluronan oc-
curs, which has a high water-binding
capacity of up to 1,000 times its molec-
ular weight, resulting in the accumula-
tion of fluid in the lungs, which corre-
lates with the development of respira-
tory distress syndrome.



— COVID-19 therefore constitutes a uni-
versal threat requiring rapid, favourable
and safe measures to reduce the risk of
infection, suppress the development of
virulence, strengthen the immune sys-
tem and support healing.

— It is known that individuals living in
areas with a low selenium intake or in-
adequate nutrition, and patients with
pre-existing comorbidities are at partic-
ularly high risk of becoming infected
with COVID-19 or other viral infections.

The optimum status of selenium (100 ug
per day) promotes increased T-cell pro-
liferation, NK (natural killer) cell activity
and innate cell functions.

— Selenium supports a stronger vaccine
response and solid immunity to
pathogens.

It also suppresses severe inflammation in
tissues such as the lungs and intestines.

e Clinical studies have shown that sele-
nium supplementation modulates the
inflammatory response in patients with
respiratory distress syndrome by restor-
ing the antioxidant status of the lungs
and suppressing the levels of IL-1p and
IL-6.

Selenium supplementation inhibits the
pathogen-induced activation of the tran-
scription factor NF-kB and its down-
stream release of pro-inflammatory cy-
tokines.

In humans, dietary selenium is incorpo-
rated into 25 selenium-proteins, includ-
ing glutathione peroxidase, selenium F
protein, selenium proteins K and S, and
thioredoxin reductase.

These play crucial roles in molecular
pathways such as 1) the response to ox-
idative stress or endoplasmic reticulum
stress, 2) the response to unfolded pro-
teins, and 3) the immune and inflam-
matory response involving NF-kB and
the nuclear factor erythroid-2-related
factor (Nrf2 regulating the gene expres-
sion of a wide variety of antioxidant cy-
toprotective enzymes).

— In human studies and animal models,
it has been observed that the crossed di-
alogue between these pathways is cru-
cial for producing an adequate response
to viral infections; low selenium con-
centration is linked to a less efficient re-
sponse to RNA virus infection.

FIG. 1 shows how reduced selenium-
protein expression, resulting from a
low/sub-optimal selenium status, may
alter molecular pathways involved in
stress responses and contribute to an
+aggressive pro-inflammatory environ-
ment leading to a worse prognosis of vi-
ral disease.

— As observed, the decline in selenium
status leads to insufficient protective
selenium enzymes, particularly glu-
tathione peroxidase, an enzyme con-
sisting of selenium and glutathione.
Glutathione peroxidase is an enzyme
belonging to the class of oxidoreduc-
tases.

By reducing the amount of hydrogen
peroxide in water, it converts the re-
duced form of glutathione (GSH) into
glutathione disulfide (GSSG), the oxi-
dised form of glutathione.

— In other words, the glutathione is oxi-
dised. The oxidised GSSG is then
‘recharged’ or regenerated by NADPH (a
reduced form of NADP+), turning into
GSH (a reduced form of glutathione).

If there is a selenium and glutathione
deficiency, an insufficient inactivation
of peroxides as precursors of reactive
oxygen species (ROS) occurs, resulting
in a serious disturbance to the redox
balance.

Glutathione peroxidase itself, however,
interacts inhibitively with the MPRO
protease of SARS-CoV-2, a protease
which is necessary for the formation
and production of virus components.

MPRO is directly involved in the prote-
olysis of glutathione peroxidase and
other important selenium proteins
(thioredoxin reductase and glutamate
cysteine ligase), which, when deactivat-
ed or structurally demolished, do not
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guarantee the adequate removal of free
radicals.

— In order for there to be a powerful re-
generation and activation of the glu-
tathione peroxidase, it is necessary to
increase the amount of energy required
to produce glutathione, i.e. to ensure
two molecules of ATP for the produc-
tion of each glutathione molecule.

To do this, it is necessary to enhance the
Krebs cycle through the first component
that enters it, i.e. acetyl coenzyme A.

The latter is derived from pantothenic
acid, i.e. vitamin B5.

— The expected consequences of an in-
crease in acetyl-CoA content in the mi-
tochondria are the stimulation of pyru-
vate oxidation, the functioning of the
Krebs cycle and the oxidation of fatty
acids.

It also appears that vitamin D3 plays
the role of upregulating the thioredox-
in-reductase (selenium-containing pro-
tein that regenerates NADPH) and glu-
tamate-cysteine ligase (the first enzyme
of the glutathione biosynthetic path-
way).

The overexpression of glutathione, glu-
tathione peroxidase, superoxide dismu-
tase, and the downregulation of
NADPH oxidase are induced by vita-
min D3 to reduce oxidative stress.

The effective over-regulation of so-
called selenium proteins by vitamin D3
requires the presence of an adequate
level of selenium, however.

The full potential of vitamin D3 with
respect to COVID-19 or other viral
infections can only be considered in
combination with an optimal seleni-
um intake.

Chronic stress also reduces cortisol-
binding globulin (CBG).

- CBG is a glycoprotein synthesised in
the liver and secreted into the blood-
stream where it binds with high affinity
to glucocorticoid hormones, such as
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cortisol in humans and corticosterone in
laboratory rats.

In mammals, 95% of circulating gluco-
corticoids are bound to CBG (80%) and
albumin (15%), and only 5% of the free
fraction is able to enter the CNS.

During stress, the concentration of glu-
cocorticoids increases significantly (the
free fraction increases even more) once
the CBG is saturated.

The observed pronounced increase in
ACTH and cortisol during stress can be
explained by a decrease in CBG in
chronically stressed individuals.

— A membrane phospholipid known as
phosphatidylserine,  physiologically
and temporarily externalised as a mark-
er during apoptosis, first causes the nor-
malisation of CBG levels under these
conditions, followed by the normalisa-
tion of HPA Axis activity and reactivity.

During viral infections, another impair-
ment of the structural and functional as-
pect of the cell membrane also occurs.

— Viral infections create structural mem-
brane damage that leads to abnormal
permanent  exposure  of  phos-
phatidylserine on the outer cell surface
(scramblases activate caspases which
inactivate the flippases that bring phos-
phatidylserine back to the membrane af-
ter the apoptosis signal).

— The balance between the internalisa-
tion and externalisation of phos-
phatidylserine is equal to the balance
between pro-inflammation and anti-in-
flammation.

If phosphatidylserine is extended out of
the cell’s bilayer phospholipid structure,
apoptosis occurs and cellular activity
shifts towards a suppression of immune
response (a suppression that viruses pro-
mote) in favour of an extended cellular
and tissue synthesis pathway, when in-
stead there must be a correct balance be-
tween the apoptotic signal, and immedi-
ate macrophage phagocytosis, with the
subsequent reentry of the phos-

phatidylserine into the membrane struc-
ture.

In such a compromised system, it would
be crucial to strengthen the membrane
phosphatidylserine, repairing and sus-
taining the cellular apoptotic defence
mechanism and the apoptotic cell elim-
ination mechanism, the first defence
strategy against pathogens and the inter-
leukin-mediated inflammatory state.

The efficient elimination of apoptotic
cells from the airways by phagocytes is
essential for the effective resolution of
inflammation and a return to pulmonary
homeostasis.

— A disruption in this process would
lead to a secondary necrosis of accumu-
lated apoptotic cells, the release of
necrotic cell debris, and the subsequent
uncontrolled inflammatory activation of
the innate immune system by the re-
leased ‘Damage-associated molecular
patterns’ (DAMPS).

In other words, during sepsis or inflam-
matory events, phosphatidylserine ex-
posure may be over-regulated on cell
surfaces throughout the body, including
endothelial cells, platelets, erythro-
cytes, neutrophils, lymphocytes, and
extracellular micro-particles.

— Within the context of a SARS-CoV-2
infection, the intracellular conditions re-
quired for the activation of scramblases
can be triggered by the viral infection it-
self, down modulation of ACE2 and the
resulting increase in angiotensin Il di-
rectly related to circulating cortisol lev-
els.

With phosphatidylserine overexpressed,
such structural membrane disruption
would lead to the formation of clots and
the activation of the extrinsic coagula-
tion pathway by association with factor
VII.

e By administering phosfatidylserine in
the appropriate dosages, the cell mem-
brane is structurally and functionally re-
paired, therefore competitively prevent-
ing abnormal externalisation and thus

blocking the activation of inflammatory
and pro-coagulant processes.

Furthermore, the phosphatidylserine in-
tensifies the antioxidant action of glu-
tathione peroxidase, it regulates the re-
lease of interleukin-10, it normalises the
production levels of cortisol in response
to stress, it promotes the differentiation
of T-lymphocytes in the interleukin-10
producing form, the antagonist of pro-
inflammatory Interleukins.

In appropriate dosages, phosphatidylser-
ine safely shuts down or reverses bio-
chemical elevations and the structural
deterioration of nerve cells, it supports
human cognitive functions such as
short-term memory formation, long-term
memory consolidation, the ability to
learn and recall information, attention
focus, and concentration.

It also supports locomotory functions,
especially quick reactions and reflexes.

P At appropriate dosages and in syn-
ergy, the administration of selenium
(in the organic selenium-methionine
form), phosphatidylserine, vitamins
B5 and D3 (GunaVit B5 PLUS) trig-
gers a virtuous mechanism aimed at
combating the symptoms related to
chronic stress and infections and
those consisting of chronic fatigue,
muscular and joint pain, insomnia,
hair and memory loss, difficulties
concentrating, increased histamine
reactivity, atypical skin rashes, dysp-
noea, synovitis and thyroiditis.

A vitamin B5 deficiency also lowers the
available acetylcholine, the neurotrans-
mitter also used by the Parasympathetic
Nervous System.

— The uncontrolled and increased
sympathetic tone subsequently caus-
es hypertension, tachycardia, atrial
arrhythmias, and a ‘hyperadrenergic’
state known to influence heart dis-
ease, and strokes.

— A vitamin B5 deficiency leads to a re-
duced production of cortisol where it
acts as an anti-inflammatory mediator,



thus leading to increased arthritic pain,
myalgia, fatigue, headaches, depres-
sion, insomnia, and widespread ‘pro-in-
flammatory’ effects on the Immune Sys-
tem.

The combination of vitamins D and B5
creates an intestinal environment
favourable to the repopulation of Acti-
nobacteria, Bacteroidetes, Firmicutes
and Proteobacteria that make up the
normal human microbiome.

A deficiency in the action of glutathione
peroxidase promotes angiotensin Il-in-
duced left ventricular hypertrophy, di-
latation, and ventricular dysfunction,
highlighting a crucial physio-patholog-
ical role for ROS in the development of
cardiovascular diseases.

—When the cortisol-mediated response
is repeated and exacerbated, cortisol
can invade the receptors for mineralo-
corticoids, thus triggering an aldos-
terone-like reaction.

In the case of COVID-19, activation (as-
sociated with cortisol) of the mineralo-
corticoid receptor in the virus-infected
epithelial and endothelial cells stimu-
lates the release of ATP, which then acts
on the purinergic receptors.

In the lungs, this can cause a non-pro-
ductive cough through the purinergic
receptors on the affected vagal nerves.

On the other hand, in endothelial cells
it can stimulate: 1) the exocytosis of the
Weibel-Palade Bodies* containing an-
giopoietin-2, which is involved in the
pathogenesis of acute respiratory dis-
tress syndrome (ARDS), and 2) the Von
Willebrand factor (VWF), which medi-
ates platelet adhesion to the endotheli-
um and thus coagulation.

* Editor’s note: Weibel-Palade Bodies are cytoplasmic
organelles found in the endothelium cells of blood
vessels, and of the heart.

CONCLUSIONS

Nutritional therapy is an important part
of patient care, for surviving viral infec-
tions or other stress-promoting condi-
tions, and for a better and shorter recov-
ery as a result.

In addition, controlling malnutrition
and optimal nutritional supplementa-
tion are essential steps to ensure the Im-
mune System works in the best way pos-
sible.

— Patients with malnutrition are more
likely to belong to poor socio-economic
groups.

Therefore, nutritional supplementation
is important for at-risk groups and frag-
ile individuals such as the elderly with
relatively weak immune systems.
People with a weak immune system are
more prone to bacterial and/or viral in-
fections.

— Early and adequate nutritional supple-
mentation, together with pharmacolog-
ical treatment and clinical collabora-
tion, are essential when it comes to
restoring both the structural and func-
tional balance in health, and promoting
a general state of well-being. |
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