COVID-19 Involves Oxidative Stress and Inflammation:
Antioxidants Are Possibly Therapeutic and Preventative

SARS-COV-2 (COVID-19 or Coronavirus) is a severe, acute, respiratory syndrome infection
that involves the lungs and the immune system. The major clinical feature is Respiratory
Distress Syndrome, and one key complication is Acute Cardiac Injury [1]. COVID-19 is a self-
limiting infection and the strength of the immune and respiratory systems is critical in
overcoming the infection and surviving the potential morbidity and mortality risks associated
with the infection. Several comorbidities have been reported as risk factors for unfavorable
prognosis in patients with COVID-19. The most common comorbidities that influence the
outcome of COVID-19 patients are Cardiovascular Disease (CVD), Diabetes Mellitus type 2
(DMT2), Hypertension, Malignancy and Chronic Obstructive Pulmonary Disease (COPD),
among others, especially pulmonary disorders. Smoking and other factors that may compromise
the lungs have also emerged as risk factors associated with a worse outcome. For example,
China, which is one of the hardest-hit countries, has the vast majority of its population living in
densely populated cities in which there have been significant amounts of construction, and the
majority of their heat and electricity comes from burning fossil fuels, especially coal. This has
been the condition for a number of years. On a visit to a number of their larger cities over a
number of weeks in 2014, many of its citizens, especially the younger adult population, were
already wearing masks to protect themselves from the heavy particulate pollution. In other
words, by the time of the COVID-19 outbreak, it is reasonable to assume that the population of
China was already respiratory-compromised to some degree.

As commented [2], it has been shown that oxidative stress is associated with the same diseases
(including CVD and DMT?2 [3]) that increase the risk of a severe outcome from COVID-19.
Oxidative stress is a condition of imbalance between the release of Reactive Oxygen Species
(ROS) and the endogenous antioxidant capacity of an individual’s system. It is also well known
that smoking can induce cellular oxidative stress while it depletes antioxidants through various
mechanisms [4,5]. Studies have shown that antioxidant deficiency leads to increased sensitivity
to even mild oxidative stress, while altered activity and levels of antioxidants have been
recognized as markers of inflammation [6]. For example, and specifically for the Respiratory
System, dysregulation of Glucose 6-Phosphate Dehydrogenase leads to a greater risk for protein
glycosylation [7], a process that plays an essential role in promoting viral pathogenesis,
including COVID-19 [8,9,10]. This example suggests that antioxidant therapy may help to treat,
and perhaps prevent, SARS infections, including COVID-19, as well as Influenza.

It has been demonstrated [11] that human lung epithelial A549 cells with lower G6PD activity
(via RNA interference) have a 12-fold higher viral production when infected with human
coronavirus 229E, which shares a sequence similarity with COVID-19 and clinically resembles
it, compared to control cells [11,12]. Antioxidants may at least provide heart protection for
COVID-19-infected individuals, based on the oxidative stress theory [13]. According to recent
clinical reports, the therapeutic time for COVID-19 infection is much longer than 14 days, but
long-time viral stimulation is prone to suddenly elicit intensive immunological reactions,
cytokine storm, and immune-cell infiltration. However, some immunocytes, especially
Macrophages and Neutrophils, can produce numerous Reactive Oxygen Species (ROS)
[13,14,15].



A certain level of ROS is important for regulating immunological responses, clearing viruses,
and general health. It is part of the first line of defense by the immune system. Together with
fever, Oxidants (like ROS) are used to “burn” the invading “trash” (i.e., foreign or excessive
bacteria, molds, mildews, viruses, etc.) that enters your body every moment. The immune
system collects the Oxidants and dumps them on the invading trash to kill them by oxidizing
cellular proteins, membrane lipids, Mitochondria, and even DNA and RNA, etc. Meanwhile, the
body brings in the Antioxidants to “put out the fire” once the “trash” is burned to protect the
healthy tissue. However, excessive ROS (such as with illness, cancer, or Psychosocial stresses —
including mental and physical stresses) will cause excessive oxidative stress, overwhelming the
body’s reserve of Antioxidants, resulting in sickness and, in the extreme, death. This is why, in
general, it is good to have a healthy Antioxidant reserve, and this is best built up through
exercise and diet and, in those at risk, with additional nutraceuticals to supplement.

Oxidative stress may quickly destroy not only virus-infected cells, but also normal cells in the
lungs, heart, nerves, and kidneys, resulting in multiple organ failure. Lungs are susceptible
because they are constantly exposed to the outside. The heart and nerves are susceptible because
they contain the greatest number of Mitochondria of all the cell-types in the body. Ironically,
Mitochondria (the power plants of the body) are the greatest natural producers of ROS in the
body (think of ROS and oxidants as the “pollution” from the power plants, however, in the case
of the body these “pollutants” are used for good, to help the body, under normal conditions).
The kidneys are susceptible because their job is to filter out the toxins from the blood, therefore,
they exist in a highly toxic environment. Thus, a healthy Antioxidant reserve helps to prevent
illness and, if ill, helps to treat illness, just like with colds, when people consume additional
amounts of Vitamin C, a well-known antioxidant, to help rid themselves of the virus that caused
the cold.

Thus, a potential antioxidant therapy could be proposed to alleviate the respiratory, cardiogenic,
and other casualties caused by COVID-19. For example, inexpensive medicinal Antioxidants
include Vitamin C (Ascorbic Acid) and Vitamin E. These work through their reductive
Hydrogen atoms react with ROS and then produce nontoxic water [16]. Plant-derived molecules
(similar to ancient Chinese medicine), such as Curcumin (aka., Turmeric), may have potential
antioxidant efficacy. These well-known Antioxidants and others (e.g., Vitamin A, Glutathione,
Resveratrol, Omega-3 Fatty Acids, proper daily intake of water — 48 to 46 oz, etc.) are known to
be made more potent through recycling with either Alpha-Lipoic Acid (ALA) or Co-Enzyme
Q10 (CoQ10). While ALA and CoQ10 are arguably the most powerful Antioxidants the body
naturally makes, they increase their strength and the strength of the other Antioxidants by
redirecting them away from the kidneys for another pass through the body. ALA tends to be
specific for nerves, helping to protect the Mitochondria in the nerves to prevent the nerves from
weakening, thereby preventing or relieving the neurological symptoms of illnesses, including
viruses, like lightheadedness, malaise, cognitive and memory difficulties, fatigue, etc. CoQ10
tends to be specific for the heart, helping to protect the Mitochondria in the heart to prevent the
heart from weakening, thereby preventing or relieving the cardiological symptoms of illnesses,
including viruses, like low blood pressure, lightheadedness, fatigue, etc.

These Antioxidants also help to reduce chronic inflammation [6] which serves to exacerbate the
effects of viruses, especially in the lungs as with SARS viruses (including COVID and
Influenza). These Antioxidants are helped with Nitrates (dietary and supplemental) to boost the
production of Nitric Oxide in the body. Nitric Oxide performs multiple functions in the body,



including as an Antioxidant and an Anti-inflammatory, and it helps to prevent or relieve
Atherosclerosis to improve heart health. Nitric Oxide also helps to detoxify the body, reducing
the prevalence of Oxidants, including ROS. Nitric Oxide may be supplemented through L-
arginine (which is limited by the body’s needs to produce it), L-Citrulline and L-Carnitine
(which help the body to produce L-Arginine, and therefore is limited), and dietary Nitrates (the
most well-known supplement at this time is Beet Root Extract Powder?, and there are others).
Dietary Nitrates are not limited and help to produce as much Nitric Oxide as is possible from the
amount ingested. A healthy diet, like the Mediterranean Diet with multiple servings of fresh
vegetables and fruits, helps to provide all of the above. The typical American Diet does not and
may be contributing to Americans being more susceptible to illness, including COVID-19.

An optimal immune response depends on an adequate diet and nutrition in order to keep
infection at bay [17]. For example, sufficient protein intake is crucial for optimal antibody
production. Low micronutrient status, such as of vitamin A or Zinc, has been associated with
increased infection risk. Frequently, poor nutrient status is associated with inflammation and
oxidative stress. Dietary constituents with especially high anti-inflammatory and antioxidant
capacity include vitamin C, vitamin E, and phytochemicals such as carotenoids and polyphenols
(i.e., Resveratrol) and sources of other antioxidants (e.g., Glutathione, CoQ10 and ALA), as well
as Nitrates and Amino Acids that support proper levels of Nitric Oxide production. Several of
these can interact with transcription factors such as NF-kB and Nrf-2, related to anti-
inflammatory and Antioxidant effects, respectively. Vitamin D in particular may perturb viral
cellular infection via interacting with cell entry receptors such as Angiotensin Converting
Enzyme 2 receptors (ACE2). Dietary fiber, fermented by the gut microbiota into short-chain
fatty acids, and other sources of healthy Fatty Acids (e.g., Extra Virgin Olive Oil), have also
been shown to produce anti-inflammatory effects, among other benefits for example, to help
keep cell membranes pliable and resilient to infection. These and more are the benefits of a
healthy diet with fresh, ripe produce (including extra helpings of dark green leafy vegetables —
raw or lightly cooked, they still need to be green; not gray) and well-balanced proteins and fats
which reduce inflammation and oxidative stress, thereby strengthening the immune system
during any infection, including the COVID-19 crisis.

With all of the above regarding Antioxidants being said, arguably the most powerful and
universal Antioxidant is EXERCISE [6,18]. Just one example is fever. As mentioned above,
fever is part of the body’s first-line defense against illness and invading pathogens (viruses,
bacteria, molds, mildews, allergens, etc.). While healthy human cells may survive between the
temperatures of 98 and 104 °F, pathogens tend to be killed above 101.1 °F. Mild to moderate
exercise for 40 minutes or more a day at least three times per week will simulate a fever (raise
body core temperature to above 101.1 °F for at least 20 minutes). The simulated fever will help
the body to eliminate any invading pathogens before they acquire a “foot-hold.” Read that:
potentially kill off any COVID-19, Influenza, or other viruses, if exposed, before the pathogens
(including the viruses) have a chance to infect you and make you sick. By mild to moderate
exercise, we mean walking, gardening, playing with children, housework, calisthenics, or any
activity that raises your heart rate and blood pressure above resting for a continuous 40 minutes
and makes you sweat for at least 20 minutes. Of course, if you are healthy and fit, more
strenuous exercise is also helpful to simulate fever. Exercise will also provide a number of other
benefits, including: happier moods, reduced pain, better sleep quality, improved concentration

! Not the portion of the beet that is typically eaten, the tuber, but the little root below the tuber.



and creativity, reduced stress levels and anxiety, maintained mental fitness, improved
parasympathetic and sympathetic nervous systems function,_stress reduction, improved heart and
vascular health, improved neuroendocrine health, weight control (loss), reduced risk of DMT2
and metabolic syndrome, reduced cancer risk, stronger bones and muscles, reduced arthritis and
other joint disorders, and promoted longevity (promotes living longer) [6].2

Exercise is demonstrate to have both short and long term effects by increasing aerobic capacity
thereby increasing the function and strength of immune and respiratory systems, particularly
those essential for overcoming COVID-19 infections and associated disorders. [18]. Exercise
that increases aerobic capacity produces safe improvements in the function of immune and
respiratory systems, particularly those specific for COVID-19 infections. These improvements
are mediated through: (1) improved immunity by increasing the level and function of immune
cells and immunoglobulins, regulating CRP levels, and decreasing anxiety and depression; (2)
improved respiratory system functions by acting as an Antibiotic, Antioxidant, and Antimycotic?,
restoring normal lung tissue elasticity and strength; and (3) reducing the effects of risk factors
such as DMT2, Hypertension, and CVD, Obesity, and aging, to decrease COVID-19 risk factors,
which helps to decrease the incidence and progression of the virus. To punctuate the issue, a
recent review article [19] highlights the impact of “sedentarism” due to the COVID-19 home
confinement. Even a few days of sedentary lifestyle are sufficient to induce muscle loss,
neuromuscular junction damage and fiber denervation, insulin resistance, decreased aerobic
capacity, fat deposition and low-grade systemic
inflammation. Regular moderate exercise,
together with a 15-25% reduction in caloric
intake, are recommended for preserving
neuromuscular, cardiovascular, metabolic and
endocrine health, important in reducing the
effects of the virus.

A proper dose of Antioxidants may
ameliorate respiratory, cardiac, and
other system injuries of critically ill

COVID-19-infected patients.

Even after a serious infection, like from COVID-

19, if the Antioxidant system was over taxed, the

virus or infection will leave behind oxidative

stress — at the cellular level. We emphasize “at

the cellular level” because often times, the

systems seem normal and healthy and all of the

tests that most physicians order return normal,

yet there are lingering symptoms and even disability, both mental and physical. The problem is
two-fold. First, while the individual cells themselves are dysfunctional, the net sum total of their

2 However, as always, an exercise regimen should be started under close physician supervision. The wrong types of
exercise may do more harm than good, including increasing body fat (and thereby weight), fatigue, and pain due to
the fact that the body is programmed to over-react to stresses. Under these conditions, the body sees exercise as
stress and works to protect itself against the stress.

3 An agent that is used against fungal infections.



functioning still meets the minimum standards for “normal.” Second, the typical patient’s
problem is not at rest (which is when most tests are performed — sitting or lying down) but when
active. Itis like a car with a full fuel tank, which idles just fine, but, due to a clogged fuel filter,
cannot accelerate when needed. They look normal at rest, but are quickly fatigued when
required to do work, either mental or physical. Again, Antioxidants, especially ALA, CoQ10,
and EXERCISE, will help to relieve the oxidative stress and thereby relieve the fatigue and other
lingering symptoms.

Currently, there is a lack of evidence regarding the exact role that Antioxidants play in COVID-
19 infection. High-dose supplementation with Antioxidants, when given at an early stage of the
infection, may prevent the spread of the virus in the body, thereby providing protective effects
and reducing the severity of disease. This is proven to help in the other well-known SARS
viruses including Influenza. To that end, traditional medicine products, supplements and
nutraceuticals that are Antioxidants and anti-inflammatories are amongst the various additive
treatments for COVID-19 under investigation [20].
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