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INTRODUCTION

Since 2019 the world’s human population has been engulfed
by a pandemic caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) more commonly
referred to as the disease COVID-19. It has been shown to
infect a broad spectrum of the population and whilst many
demographic groups are asymptomatic or present with mild
symptoms, approximately 15% of infections are severe and
a further 5% critical.! The most common symptoms are
generally recognised as being; fever, a new onset continuous
cough and a change or loss in taste and smell. In addition to
these, several other symptomatic presentations have been
reported involving multiple systems including respiratory,
dermatological, cardiovascular, hepatic, renal and
gastrointestinal (GI). The most common gastrointestinal
symptoms are diarrhoea, nausea and vomiting.! This paper
will explore the possible links of COVID-19, associated
gastrointestinal symptoms and lowered plasma levels of the
peptide hormone oxytocin.

COVID-19 AND THE GASTROINTESTINAL
SYSTEM

Within the literature, the incidence of COVID-19 cases
presenting with gastrointestinal symptoms varies between
2%? and 11.6%." This figure rises to 49.5% during
hospitalisation cases, which could be aggravated by various
drugs including antibiotics.! The same report performed
endoscopic guided biopsies in six infected subjects and
showed that the virus could be detected throughout the
gastrointestinal tract. Other studies®* have shown that
the virus can be detected within the stool of up to 53%
of infected patients. The increasing evidence linking
COVID-19 and the gastrointestinal system raises many
questions including; what is the mode of infection within
the GI tract and how does COVID-19 infection induce
gastrointestinal symptoms?

COVID-19 INFECTION OF THE
GASTROINTESTINAL SYSTEM

A pre-requisite of viral infection is the ability to gain entry
into host cells. It has been demonstrated that COVID-19
utilises angiotensin converting enzyme-2 (ACE2) as a
viral receptor to facilitate this.’ Liang et /. utilised RNA
sequencing data to demonstrate ACE2 expression in
proximal and distal small intestine enterocytes.® Zhang
et al. took these findings further by demonstrating that
entry into host cells by COVID-19 depends not only
on ACE2 but also the transmembrane protease serine 2
(TMPRSS2).” Interestingly the same paper showed that
ACE2 expression in absorptive enterocytes from the ileum
and colon was higher than that of the lung. Further studies
have shown that not only are ACE2 and TMPRSS2 co-
expressed in the lung but also within the small intestine
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and colon.® This evidence suggests a possible oral route of
infection through the gastrointestinal system, independent
of the lung, assuming that the virus can withstand the
harsh acidic transit through the stomach.

OXYTOCIN

Oxytocin is a nine-amino acid peptide hormone whose
ability to induce uterine contractions was discovered as
early as 1906.° In 1953 Vincent du Vigneaud synthesised
oxytocin and in 1955 received a Nobel Prize in chemistry
for this work. Over the following few years, with the
birth of neuroendocrinology, much of the work relating
to oxytocin focused on oxytocin as a female reproductive
hormone. Over the last two decades this restricted view
of the hormone has expanded with over 27,000 published
articles.!’ Through this research, oxytocin has been found
to play a role in a wide and diverse list of conditions. These
include psychiatric and behavioural disorders!! such as
autism spectrum disorders, postpartum depression, anxiety,
post-traumatic stress disorders, borderline personality
disorder, addiction and pain. Also, oxytocin has protective
functions in diabetes,"? cardiovascular disease,"® cancer'® "
and autoimmune'® diseases. But what evidence is there
that oxytocin may play a role in COVID-19 infections
with specific reference to gastrointestinal symptoms?

OXYTOCIN AND COVID-19

Diep et al. have postulated that lowered oxytocin plasma
levels could lead to more severe disease and a worse
prognosis to COVID-19 infection.'” They came to their
conclusions by stepping back and looking for patterns in
the literature in those demographic groups that present
with more serious disease. Some of the risk factors for
morbidity and death of COVID-19 first emerging in
China have been shown to be consistent across different
countries:

*  Young people are less severely affected than the
elderly people

* People showing metabolic risk factors are more
severely affected than those without

¢ Females are less severely affected than males

* Pregnant women are not necessarily more vulnerable
to the disease than non-pregnant women

® African ethnicity is more of a risk for serious disease
than are other ethnic groups such as Caucasians

Within the literature, oxytocin plasma levels have been
measured across a range of demographic groups. When
compared to the above list some interesting parallels
became apparent (see references in Diep et l.'7):

* Higher oxytocin in the young than in the elderly

* Higher oxytocin in metabolically fit individuals
compared to those demonstrating metabolic risk
factors
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e Higher oxytocin in women than in men

e Higher oxytocin in pregnant women than in non-
pregnant women

* Racedifferencesin oxytocin levels have been identified
with lower levels in African Americans

Further, infection by COVID-19 could reduce oxytocin
function in at least two pathways. Firstly, infection of the
hypothalamus could lead to viral cytopathic effects on
oxytocin producing neurons,®?’ and secondly, oxytocin
receptors can be down-regulated by viruses through an
mRNA interference mechanism.”

In order to postulate further on whether lower
oxytocin plasma levels could be responsible for COVID-19
gastrointestinal symptoms and more severe disease
presentation, the relationship between oxytocin and the
gastrointestinal tract needs to be considered.

OXYTOCIN AND THE GASTROINTESTINAL
TRACT

Monstein et al., in a polymerase chain reaction study
demonstrated that both oxytocin and its receptor are
expressed throughout the gastrointestinal tract.”” The
study concluded with “possible physiological and/
or pathophysiological role of OT and OT-receptor
expression in the human GI tract and the cellular
location of its expression remain to be shown”. Welch
et al. made great strides in answering these questions in
their pivotal paper “Oxytocin regulates gastrointestinal
motility, inflammation, macromolecular permeability,
and mucosal maintenance in mice”.” Using a wide range
of experimental techniques, they compared oxytocin
receptor knockout mice against wild type mice. As well
as identifying that within the gastrointestinal tract the
oxytocin receptors are located within enteric neurons and
epithelial enterocytes, they also deduced that lower plasma
oxytocin levels had the following effects:

® Increased stool mass, water content and transit time
*  Decreased gastrointestinal mucosal cell proliferation
* Increased macromolecule intestine permeability

*  Decreased villi height and crypt length

* Decreased protection against inflammation

* Decreased mucosal defence against toxins

In short, it appears that oxytocin signalling plays an
important role in multiple gastrointestinal functions
that are subject to neuronal regulation. It modulates
gastrointestinal motility, regulates the proliferation of
crypt enterocytes, and mucosal permeability as well as
protecting against inflammation. It is not unreasonable to
conclude that lower plasma oxytocin levels, as described
in those populations most susceptible to more severe
COVID-19 infection, may play a part in the onset of
gastrointestinal symptoms.

OXYTOCIN AND CMV

A hypothesis exists in the literature that at least on the
surface suggests an alternative explanation as to why some
demographic groups are more at risk from COVID-19
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infection. It is well known that cytomegalovirus (CMV)
infection affects the gastrointestinal tract* Using a
similar thought process as Diep et al.,'” Moss looked at the
groups that are most at risk from severe COVID-19.# He
suggests that there may be a link between these groups and
prior infection with CMV.

We would like to propose that the ideas reviewed
in this article are not in opposition to this hypothesis
involving CMV. It is well established that herpes viruses
share a range of features including a relatively mild primary
infection, in most cases, followed by lifelong persistence as
a consequence of viral latency and sustained immunological
control of viral replication.” This immunological control
can be exerted by nitric oxide produced by the vascular
endothelium.”® Indeed, it has been reported that inherited
nitric oxide deficiency can lead to fatal CMV infection.”’
Of note, oxytocin can induce the production of nitric
oxide in endothelium;®® therefore, any process that reduces
oxytocin levels could lead to a reduction in the ability of the
gut’s endothelium to exert control over latent CMV. This
in turn, could lead to viral reactivation and subsequently
to increased inflammation and finally to gastrointestinal
pathology and more severe COVID-19 infection.”’

COULD OXYTOCIN BE USED TO
TREAT COVID-19 AND ITS RELATED Gl
SYMPTOMS?

Following the arguments set out above we hypothesise
that low levels of plasma oxytocin could contribute to the
gastrointestinal symptoms produced during COVID-19
infection and normal levels will protect against these.
COVID-19 is recognised to exert its effects on multiple
bodily systems. Oxytocin receptors can be found
throughout the body; its healing and protective effects
against COVID-19 may also be multi-systemic. Current
findings appear to support this hypothesis with oxytocin
being proposed for cardiovascular protection® and for its
anti-diabetic properties®’ in COVID-19. Could raising the
plasma levels of oxytocin either prophylactically or after
infection act as a treatment for COVID-19? Certainly,
oxytocin is readily available, used routinely in labour
suites, and considered safe and cheap. All these attributes
are certainly attractive.

In the event of oxytocin dysfunction, an exogenous
source may help restore normal function. Unfortunately,
optimising the efficacy of oxytocin may not be
straightforward. The biochemistry of oxytocin is complex;
it affects multiple systems and cleaved fragments'
have been shown to have activity. In addition, normal
endogenous release of oxytocin from the posterior pituitary
appears to be pulsatile’>* and overstimulation has the
potential to reduce function.’* This would be a possibility
with prolonged, high dose, non-pulsatile administration
such as an intravenous infusion. Fortunately this is unlikely
to be the case if intranasal oxytocin or the newer oxytocin
dry inhaler is used.

There are however mechanisms for increasing serum
oxytocin levels, in a pulsatile manner that do not rely
on oxytocin as an exogenous drug and these are freely
available. It has been shown that many activities can
improve endogenous oxytocin function. These include,
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but are not limited to, yoga,” intimacy,*® massage’’ and
exercise.’® In addition, minerals and vitamins such as
magnesium,’’ vitamin C* and vitamin D* are vital for its
optimal functioning. Even certain probiotic bacteria have
been shown to increase oxytocin.*

A public education programme to highlight the

benefits of oxytocin and how to improve its endogenous
function may well prove an effective additional tool in our
response to COVID-19. People could be empowered to
take control of their own protection against COVID-19 by
engaging in endogenous oxytocin optimisation activities.
"This may also have additional benefits in reducing the
rates of chronic conditions such as cardiovascular disease,
diabetes, autoimmune disorders and cancer.
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