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Antioxidants are molecules that are capable of donating an elec-
tron or accepting a proton from an unstable free radical molecule. 
Free radicals have an extra unpaired electron, making them very 
unstable, highly reactive and therefore dangerous. Early forms of 
life had to develop a mechanism for neutralizing free radicals in or-
der to avoid the damage they cause. Studies of early bacteria have 
discovered the presence of antioxidants at least 2.5 billion years 
ago. Exposure to atmospheric oxygen and sunlight would not be 
possible without antioxidants to neutralize the free radicals pro-
duced. Anerobic bacteria never learned the trick and even today 
must hide underground or deep in the ocean where sunlight and 
oxygen cannot reach. The first organisms to produce an effective 
antioxidant, melatonin, were purple non-sulfurous bacteria, which 
later were incorporated into eukaryotic cells as mitochondria and 
chloroplasts [1,2]. Plants, fungi and animals cannot tolerate expo-
sure to oxygen or sunlight without sufficient antioxidants to neu-
tralize the highly reactive free radical molecules that are produced 
as a byproduct of respiration and exposure to UV radiation [3]. 

Life solved this challenge by converting tryptophan to melato-
nin via serotonin [4]. Although mainly known for its role in reg-
ulating circadian cycles and sleep, melatonin is versatile and in-
volved in every function of the body. It is an amphipathic and very 
small molecule, allowing it to enter every cell compartment, where 
it acts as an electron donor to neutralize free radical molecules. 
This initiates a cascade of antioxidant events, amplifying its capa-
bility to neutralize free radicals [5]. Melatonin is so important that 
cells have specific sites (MT-1 and MT-2) that bind melatonin [6]. 
The bound melatonin on epithelial cells provides protection from 
free radical damage caused by UV radiation from the sun [7]. Mela-
tonin is produced in humans in the pineal gland, but far more is 
produced in the mitochondria.

There are dozens of antioxidant molecules produced in plants 
and animals. In humans, the most important endogenous antioxi-
dants include glutathione, melatonin, superoxide dismutase, cata-
lase, and uric acid. Exogenous antioxidants ingested in food include 
Vitamin C, Vitamin E, selenium, zinc, lutein, astaxanthin, plant fla-
vonoids and many more. Interestingly, the endogenous and exog-
enous antioxidants function cooperatively and synergistically [8]. 
Unfortunately, there are factors that reduce the production of en-
dogenous antioxidants including age, disease, and elevated blood 
sugar. At the same time, there are factors that increase the burden 
of free radical molecules in the body including stress, air pollution, 
cigarette smoke, UV radiation, cosmic radiation, X-Rays and certain 
toxic materials [9]. 

The result of insufficient antioxidants, both produced endog-
enously in the body and taken in food exogenously, in combina-
tion with elevated levels of free radicals, is a condition of oxida-
tive stress. There are many consequences of oxidative stress on the 
body, including chronic inflammation, damage to cellular compo-
nents such as enzymes, lipids and DNA. The ultimate result of the 
accumulation of this damage over decades is aging, disease, cancer 
and death [10]. 

In 1988 Gerald Reaven proposed that many of the diseases 
common in Western society were related and due to a common 
set of root causes. He called it the Metabolic Syndrome [11]. Oth-
ers before him had made a similar observation that diabetes, heart 
disease, hypertension, cancer and perhaps some autoimmune 
diseases were caused by chronic overeating and obesity. Chronic 
overeating, as is now common in Western society, may not result 
in obesity, but does upset the function of the liver in what is known 
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as non-alcoholic fatty liver disease [12]. The excess fat stored in 
the liver and adipose tissue produce inflammatory cytokines that 
cause oxidative stress in the entire body. We may notice inflamma-
tion in extremities such as fingers or ankles, but other organs are 
similarly impacted, including internal organs that we cannot see.

There has been great interest in using antioxidants to combat 
oxidative stress. The summation of this work is that all antioxidants 
are beneficial in neutralizing free radicals. The key differences be-
tween antioxidants and the benefits derived depend on molecular 
size and hydrophobicity. Most antioxidants are too large to pass un-
aided through a cell or mitochondrial wall. Also, most antioxidants 
are hydrophilic (water-loving) and cannot easily cross the cell wall, 
as it is composed mostly of lipids in humans. Melatonin and Car-
bon 60 are unique among antioxidants due to their small size and 
hydrophobic (lipid-loving) nature, allowing them to pass unaided 
through cell and mitochondrial walls.

This is critical as most of the damaging hydroxyl free radicals 
are produced inside mitochondria as a natural byproduct of respi-
ration. If there are insufficient antioxidants produced inside the mi-
tochondria, damage to lipids, enzymes and DNA will occur. When 
enzymes are damaged, they can be denatured and become inef-
fective, resulting in reduced output of ATP from the mitochondria. 
When lipids are oxidized by free radical damage, they can migrate 
out of the mitochondria and cell into the bloodstream, where they 
spread oxidative stress and inflammation to other tissues. When 
DNA is damaged, it can become non-functional at that locus if not 
repaired by the body’s repair systems, resulting in non-functional 
DNA at best and cancer at worst.

Antioxidants could even play a significant role in viral infections. 
The immune system produces free radical molecules, especially su-
peroxide, to destroy pathogens. This works well against bacteria 
and fungi, but there is evidence that viruses have developed a way 
to avoid damage and use the free radicals to their advantage [13]. 
The resulting release of free radical molecules produced by phago-
cytes is called the oxidative burst. It can cause damage to healthy 
tissue nearby, as well as stimulating cytokines that trigger inflam-
mation. The COVID-19 virus is an especial example of this phe-
nomenon. The virus upon infection produces a protein that down-
regulates the immune response, allowing the virus time to attach 
and replicate. Then it produces two other proteins that stimulate 
inflammation [14]. Meanwhile, the immune system ramps up to 

destroy the pathogen using free radical molecules that cause col-
lateral damage to healthy tissue and further elevates the inflam-
matory response via cytokine messenger molecules. This is called 
the Cytokine Storm and the result is severe lung inflammation and 
often death of the host [15], resulting ironically from an over-active 
immune system, not the virus itself.

There have been over 100 diseases and conditions attributed to 
the excess production of free radical molecules [16]. Not a single 
disease or condition has been attributed to excess antioxidants. 
The worst appears to be diarrhea and mild headache experienced, 
for example, by hyper Vitamin C users at 10 grams per day, which 
quickly dissipated when reduced to more reasonable levels. Dis-
ease often starts with an activation of the immune system due to 
a pathogen, foreign material or foreign protein. The resulting im-
mune response is to produce free radical molecules and cytokine 
messenger molecules that cause inflammation. If not stopped by 
antioxidants, this can result in a cascade of free radical molecule 
production, inflammation, and tissue damage in an increasing 
spiral. The end result is disease. Antioxidants can mute the free 
radical damage, reducing inflammation and the resulting spiral-
ing immune response, allowing the immune system to destroy the 
pathogen without causing unneeded damage or death of the host 
[17]. 

There is too much accumulated evidence to ignore the fact that 
insufficient antioxidants in the body results in oxidative stress, in-
flammation, diabetes, heart disease, hypertension, autoimmune 
diseases and cancer. It is time to get more antioxidants into our 
diets.
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