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Glutathione

ANTIOXIDANT AND DETOXIFICATION




What is glutathione and what
does it do in the body?

lutathione iIs an antioxidant and detoxification molecule that is produced in all ot
your cells. Structurally, glutathione is a tripeptide made up of three amino
acids: glutamate, cysteine, and glycine.

Glutathione exists in two forms as free glutathione:
® the reduced thiol form, which is abbreviated GSH
® the oxidized disulfide form, which is abbreviated GSSG

Under normal, healthy conditions, 98% of free glutathione is in the reduced form (GSH)
and is found ubiquitously throughout the body.[ref] The ratio of the reduced form (GSH)
to the oxidized form (GSSG) gives us the redox status of the cell. The ratio of reduced to
oxidized is over 100 when cells are healthy and at rest. This ratio drops tremendously
when cells are under oxidative stress.[ref]

Glutathione acts as a direct antioxidant. The thiol group is important - this sulfur
compound allows glutathione to donate electrons to neutralize reactive oxygen species.
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Glutathione can also bind to molecules with the help of detoxification enzymes to
eliminate certain types of toxins and heavy metals.

Another role of glutathione is to modulate the immune system by regulating Treg cells
functionality.[ref]

Terminology:

~ Reduced and oxidized here is a chemistry term - think redox reactions - for gaining or
losing electrons. Glutathione neutralizes reactive oxygen and nitrogen species in cells
which prevents oxidative stress.

~ Cells produce reactive oxygen species (ROS) when they make ATP for energy. In healthy
cells, there is a balance between ROS and antioxidant defenses. With excess ROS, cells
experience oxidative stress, which is at the root of many chronic diseases.[ref]

~ A thiol is a sulfur compound that contains a sulfhydryl group (-SH), which is a sulfur
atom attached to a hydrogen atom.

WHAT DOES GLUTATHIONE DO?

Glutathione is involved in many different cellular reactions.[ref][ref]

It can directly scavenge reactive oxygen species including hydrogen peroxide,
hydroxyl radical, lipid peroxyl radical, superoxide anion, and peroxynitrite.

It helps move toxins, including persistent organic pollutants and mercury, from cells
and then out of the body. One way this is done is through conjugation with GST

(glutathione S-transferase) enzymes.

Glutathione is also involved in the recycling of vitamin C and vitamin E, two
important antioxidant vitamins.

The immune system is also affected by glutathione with Treg cells helping to prevent
autoimmune diseases.[ref]

One pathway of estrogen metabolism involves glutathione[[ref]
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Here's a specific detox example:

Mercury is a toxic heavy metal that is eliminated from the body in a glutathione-
dependent manner. Mercury is conjugated to glutathione by the GST enzymes (GSTT1,
GSTM1, or GSTP1). Without sufficient glutathione, mercury can accumulate in the
body.ref]

Not the only player in the detox game:

Note that there is a lot of redundancy in cellular processes. Glutathione is an essential
antioxidant that interacts with many different processes. However, there are multiple
ways that cells can balance ROS and combat oxidative stress. There are also multiple
detoxification pathways for many of the toxins that glutathione helps remove. So while
glutathione is essential and important, there’s also a lot of redundancy in these systems
with multiple ways to keep cells healthy.[ref]

HOW IS GLUTATHIONE SYNTHESIZED?

Glutathione is synthesized from glycine, cysteine, and glutamate in a two-step process
that occurs in the cytosol of all cells. It is a tightly regulated reaction that depends on
both the availability of the amino acids (cysteine, glycine, and glutamate) and the rate-
limiting enzyme, glutamate-cysteine ligase (GCL). [ref]

1. The glutamate-cysteine ligase (GCL) enzyme interacts with glutamate and cysteine
resulting in the formation of gamma-glutamylcysteine.

2. In the second step, glycine is added to the gamma-glutamylcysteine using the
enzyme glutathione synthetase to form glutathione.

While all cells can synthesize glutathione for use within the cell, the liver also produces
glutathione in larger amounts and exports it into the plasma and bile. [ref]

Regulation of synthesis:

The amount of the amino acid cysteine in the cell is the limiting factor for glutathione
production in a cell. Cysteine is an amino acid that we get from foods, such as meat,
eggs, and lentils, and it can also be synthesized in the body from methionine through the
transulfuration pathway.[ref]
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Recycling and Re-oxidation:

Glutathione doesn’t need to be constantly made in cells. When glutathione is involved in
antioxidant reactions, it becomes the oxidized form, GSSG (glutathione disulfide). The
oxidized form, GSSG, can be reduced back to reduced glutathione with the help of
glutathione reductase (GSR gene) and NADPH. This is a constant process-oxidizing,
reducing over and over again[ref]

Another way that glutathione can be formed is by recycling cysteine from conjugated
glutathione. This process uses the GGT1 enzyme.[ref][ref]
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ENZYME REACTIONS INVOLVING GLUTATHIONE:

Glutathione peroxidase (GPX1 gene, below) is an important enzyme that utilizes
glutathione in antioxidant reactions, such as in neutralizing hydrogen peroxide and lipid
peroxide. In these antioxidant reactions, glutathione is oxidized to form the oxidized
disulfide form, GSSG — which is then, in turn, reduced back to glutathione using NADPH.
[ref]

Mitochondria are essential for the production of ATP for energy storage in cells. However,
the process of making ATP also produces reactive oxygen species (ROS), such as
hydrogen peroxide, which can damage the cell at higher levels. Thus, glutathione is an
essential part of the way cells balance ROS on a constant basis - as well as being
available in situations where oxidative stress is generated by toxins, disease, or other
pathological conditions.[ref]

Glutathione peroxidase (GPX1, GPX2,3,4) — antioxidant in cells

Glutathione S-transferases (GSTs) are a family of enzymes that bind glutathione to toxic
substances to remove them from the cell and then out of the body. Binding the toxin to
glutathione allows it to be easily moved out of the cell via several different
transmembrane efflux pumps. The glutathione-bound toxic substance can then be
excreted in the urine, sweat, or feces.[ref]

Glutathione S-transferase (GSTM1, GSTP1, etc) — detoxification reactions

Related article: GST Genetic Variants

WHAT DEPLETES YOUR GLUTATHIONE LEVELS?

Environmental toxin exposure:

Glutathione is the primary intracellular antioxidant and is therefore important for
preventing oxidative stress in cells due to environmental toxin exposure. Here are three
examples:
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® Exposure to gadolinium in contrast agents increases oxidative stress. Animal studies
show that gadolinium can cause low glutathione levels.[ref]

Mercury is another heavy metal that utilizes glutathione in the detoxification
pathways.[ref]

® Arsenic exposure causes increased glutathione usage. Glutathione can interact with
arsenic to reduce it (redox reaction), and glutathione also can bind with arsenic
causing higher glutathione excretion through bile. A 2013 study in Bangladesh
looked at people exposed to different levels of arsenic in their drinking water. Those
who were at higher levels of arsenic exposure had lower glutathione levels. [ref]

Autoimmune diseases:

Glutathione plays a role in neutralizing oxidative stress in autoimmune diseases, and it
also modulates the immune response by balancing the Th1/Th2 response. Low
glutathione levels are found in people with lupus, RA, Crohn’s disease, MS, and psoriasis.
[ref]

Cystic fibrosis:

People with cystic fibrosis, which is a genetic disease caused by mutations in the CFTR
gene, have frequent respiratory infections that cause lung inflammation and produce
oxidative stress in the lungs which depletes glutathione levels. A number of studies have
looked at increasing glutathione levels in people with CF to improve lung function.[ref]

Related article: Cystic fibrosis: How to check to see if you are a carrier of a CFTR mutation

Alcohol:

Long-term or heavy alcohol use depletes glutathione levels in the liver, causing alcoholic
liver disease. Studies show that glutathione, or glutathione plus zinc, may help mitigate
liver damage from chronic alcohol use. Alcohol is metabolized to acetaldehyde, which is
toxic. Administration of glutathione reduces serum acetaldehyde levels.[ref][ref][ref][ref]

Mold and mycotoxins:
Mold can produce mycotoxins, which are toxic substances that are harmful to human
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health. One way that mycotoxins, such as aflatoxin, are removed from the body is by
conjugation with glutathione.[ref]

Acetaminophen:

The metabolism of acetaminophen produces a toxic metabolite called NAPQI, which is
neutralized and excreted by conjugation with glutathione. When higher levels of
acetaminophen are ingested, the liver’s supply of glutathione is depleted and NAPQI
causes liver damage.[ref]

Related article: Genetic variants that increase the risk of liver damage from
acetaminophen

STUDIES ON THE IMPACTS OF LOW GLUTATHIONE
LEVELS:

Glutathione levels in the body are fairly tightly regulated and balance is key. We need
enough available to prevent excess ROS from causing oxidative stress and damage to
cells. However, the upregulation of glutathione can be a negative factor when it comes to
preventing out-of-control cellular growth in cancer.[ref]

Low glutathione levels are found in a number of different chronic diseases. However,
there aren’t many studies showing that low glutathione directly causes chronic disease.
Instead, it may be that chronic diseases cause low glutathione levels, which then can
exacerbate the conditions due to an inability to counteract the increasing levels of
oxidative stress.

Type2 diabetes:
Oxidative stress plays a role in diabetes, and people with type 2 diabetes have lower
glutathione levels on average.[ref]

Pancreatitis:

Chronic pancreatitis causes oxidative stress. Patients with chronic pancreatitis have lower
levels of glutathione, cysteine, and glycine.[ref] Increasing cysteine levels with NAC is
protective against pancreatic damage.[ref]
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Schizophrenia:
Several research studies show that people with schizophrenia have lower glutathione
levels in certain regions of the brain.[ref]

In aging:

The studies on glutathione in aging show that there is usually a general decrease in
serum glutathione levels as we age. An increase in oxidative stress and cell damage
causes an increased usage of glutathione and decreased levels. However, brain
glutathione levels may be relatively stable or regionally affected.

This lack of clear association between brain glutathione levels and aging is important
because it shows that glutathione may not be the limiting factor in cognitive changes in
aging. Instead, low glutathione in the rest of the body could be due to an increased use
of it for combating oxidative stress.[ref]

Melanin is what gives skin its color, with eumelanin being darker than pheomelanin. In
aging, dark spots on the skin may be caused by free radicals that cause eumelanin
formation.[ref] Glutathione has been shown in a number of studies to lighten age spots,
and it is thought that both its antioxidant effect and a shift towards pheomelanin
formation are at the root of these antiaging skin properties.[ref]

GENOTYPE REPORT:

The genotype report section, which includes a member's
genetic data, is found in the full article:
https://www.geneticlifehacks.com/glutathione/
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Lifehacks:

If you think you may need to boost your glutathione levels due to oxidative stress and
genetic polymorphisms, there are multiple way you could approach this:

1. Reduce the need for glutathione (reduce toxins)

2. Add more cysteine — it’s the limiting factor for glutathione synthesis

w

. Also, add glycine, if it is limited in your diet

4. Directly supplement with liposomal or IV glutathione

(62}

. Indirectly supplement with cofactors

AVOIDING TOXICANTS:

Avoiding exposure to the toxicants that deplete glutathione will increase your overall
glutathione levels and give you more resistance to oxidative stress. Here are three of the
big ones to avoid.

Arsenic:

One reason we need glutathione is to detoxify arsenic. Arsenic occurs naturally in the soil
in some areas of the world and can leach into well water. If you live in an area where
arsenic is common in the water, be sure to have your water tested. Arsenic is also
absorbed by rice, especially the rice bran found in brown rice.

Related article: Arsenic, detoxification, and your genes

Mercury:

Methylmercury is the type of organic mercury we get from eating mercury-containing
fish. Glutathione conjugates with methylmercury for elimination. Mercury is stored in the
brain at higher levels than in the rest of the body. Without enough glutathione, mercury
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can damage the brain and also take the place of selenium in certain biological pathways.
[ref]

Related article: Mercury, detoxification, and your genes

Alcohol:

Acute or chronic alcohol exposure leads to a depletion of glutathione in the liver and liver
damage. Glutathione levels also decline with age and with chronic diseases, so in either
situation, the ability of the liver to detoxify alcohol and recover from alcohol intake is
diminished due to a lack of glutathione.[ref]

N-ACETYLCYSTEINE (NAC):

Cysteine isn’t available as a stand-alone supplement because it is unstable and easily
oxidized. Instead, NAC is used to provide cysteine in a stable supplement form.

N-acetylcysteine, or NAC, is a supplement that works in two ways:
® It provides cysteine, which is the rate-limiting amino acid for glutathione production
® It can also act as a direct antioxidant to scavenge ROS (NO2 and HOX)[ref][ref]

The main antioxidant mechanism for NAC is by increasing glutathione levels. However,
the direct antioxidant activity is through breaking disulfide bonds, which is what it does in
the lungs to break up mucus. NAC has long been used as a mucolytic agent — it thins out
mucus — for COPD patients.[ref][ref]

Genetic connection: GGT1 gene

Studies show that NAC decreases GGT levels, indicating that it increases the overall
supply of glutathione and reduces the need to recycle it.[ref] For people with GGT1
genetic variants, this may make NAC particularly helpful.

What's the downside of NAC?

While generally safe at supplemental doses, a drawback to N-acetyl cysteine is the sulfur
smell and taste. This is definitely one supplement to take in capsule form instead of as a
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powder. The other drawback is that some people who are sensitive to
higher histamine levels or who have mast cell activation syndrome report that NAC gives
them a histamine reaction.

Studies of NAC for many different conditions have used doses ranging from 500 mg to
up to 20 g/day. A meta-analysis of studies using NAC to increase athletic performance
found that there were more side effects (none severe) at 20g/day.[ref] High doses of NAC
are used in hospitals by IV for reversing acetaminophen toxicity.

Here are some clinical trials to give you an idea of the range of dosages:

® For schizophrenia, a clinical trial using 2400 mg/day of NAC showed increased
glutathione levels and decreased glutamate levels. However, it didn’t cure
schizophrenia.[ref]

® For COPD, a meta-analysis showed that lower doses (1200mg/day or less) for a
duration of three months seemed to work best.[ref]

® A study in MS patients showed that 600 mg/2x/day did not significantly increase
serum glutathione levels. However, it did improve anxiety symptoms in the patients.
[ref]

® A meta-analysis of clinical trials using 900 - 2700 mg/day showed that NAC may
improve hearing loss (noise-induced).[ref]

Keep in mind that these studies involved patients who were likely to have increased

glutathione use. If you don’t have a chronic condition, your need for NAC, cysteine, or
glutathione may be less.

A meta-analysis of multiple studies in COPD patients showed no significant adverse
effects at doses ranging from 600 mg to 3g/day.[ref] Studies in healthy adult athletes go
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up to 20g/day (not recommending this, just including it for safety).[ref] Conversely, in
Parkinson’s patients, there was a high number of adverse events at 6g/day of NAC. [ref]

Talk with your doctor or pharmacist if you are on prescription medications to see if there
is any interaction with any new supplement before you start it.

If you have cancer:

In cancer, cysteine and glutathione may help tumor cells resist some types of
chemotherapy.[ref] Talk to your oncologist or doctor about whether NAC or anything that
boosts glutathione is a good idea for you. There are multiple types of cancer and NAC
may be beneficial in some and harmful in others.

Side effects:

Some people report histamine-related side effects from NAC. An animal study showed
that NAC increased histamine release in conjunction with fluoride.[ref] In people given IV
n-acetylcysteine in a hospital setting for acetaminophen poisoning, about 8% of the
patients had an “anaphylactoid reaction, defined as cutaneous (urticaria, pruritus,
angioedema) or systemic (hypotension, respiratory symptoms)” within five hours of
receiving the IV. Most were skin-related symptoms, but anaphylaxis is possible with IV
NAC.[ref]

Some people also report gastrointestinal side effects with NAC. Clinical trials show that
gastrointestinal side effects are at a similar rate to the placebo group.

DIRECTLY SUPPLEMENTING WITH GLUTATHIONE:

Oral glutathione supplements:

A randomized, double-blind, placebo-controlled clinical trial in healthy adults showed
that 500 mg/day of oral |-glutathione in capsules did not increase glutathione levels or
improve markers for oxidative stress.[ref]

Liposomal glutathione supplement:
A trial involving 500 mg of liposomal glutathione per day showed that glutathione levels
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increased 28-40% within two weeks in healthy adults aged 50-80. In this study, Tri-
Fortify™ Orange was used as the liposomal glutathione.[ref]

GETTING RID OF AGE SPOTS OR MELASMA ON THE
SKIN:

Many placebo-controlled clinical trials have looked at using NAC and/or glutathione for
reducing the darkness of age spots on the skin.

One trial found 500 mg of cysteine plus 250 mg |-glutathione for 12 weeks
effectively lighted and reduced the size of facial dark spots.[ref]

A trial comparing glutathione (500 mg/day) for 4 weeks found that it statistically
reduced melanin indices compared to placebo.[ref]

Another study found that oral glutathione (either reduced or oxidized forms) was
effective a reducing wrinkles and UV age spots after 12 weeks.[ref]

A meta-analysis found that 250mg of glutathione twice a day or 500 mg of
glutathione once a day was somewhat effective for dark age spots. However, the
combination of a 2% glutathione cream topically plus oral glutathione worked even
better.[ref]
N-acetylcysteine in a 4.7% cream topically also improved melasma.[ref]
Not all studies show positive results.

® A study using glutathione supplement capsules containing 500mg of L-glutathione

(fermentation) together with 250mg of ascorbic acid, 50mg of ALA, and 4mg
(20mg) of zinc didn’t find a statistically significant reduction in dark UV spots.[ref]
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OTHER SUPPLEMENTS THAT AFFECT GLUTATHIONE-
RELATED GENES:

Selenium:
Low dietary selenium negatively affects both GPX1 and GPX4.[ref] Brazil nuts are a good
source of selenium, with one or two nuts per day providing the RDI.

Related article: Selenium, genetics, and pros and cons of supplementing

Melatonin:

Melatonin interacts with glutathione in a couple of ways. It acts as an intracellular
antioxidant and may reduce the need for glutathione. Melatonin also increases the
expression of glutathione peroxidase.[ref] [ref]

Glycine:

Glycine is one of the amino acids needed for glutathione synthesis. Supplementing with
glycine in old age increases glutathione levels (animal study).[ref] If your diet is deficient
in glycine, then adding supplemental glycine may be beneficial. Glycine-rich foods
include red meat, turkey, chicken, pork, peanuts, and canned salmon.

Vitamin B6, brain health, and glutathione:

A low intake of vitamin B6 is linked to a higher risk of Parkinson’s disease, and part of the
reason may be linked to glutathione. Not only is B6 important in dopamine production,
but it is also important in the stimulation of glutathione synthesis in the brain.[ref][ref]
[ref]

Related article: Vitamin B6 genes

Full article: https://www.geneticlifehacks.com/glutathione/
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