NUTRITION FOR GLUTATHIONE

You’ve probably heard about antioxidants, touted for their anti-cancer, anti-aging, and cognition-enhancing
benefits. Antioxidants quench free radicals, highly reactive molecules which can damage DNA and interfere with
cell function. Toxins, infections, and energy imbalances drive up this “oxidative stress,” which is associated with
countless diseases and unhealthy aging. However, normal levels of free radicals are beneficial and even necessary
for the body to function. Excessive quenching of free radicals may interfere with immune activity, hormone
production, and cell signaling.'

What is glutathione?

Importantly, the most powerful antioxidants are made by the body itself. Supporting our natural antioxidant
systems allows the body to regulate oxidative stress on its own terms. Inside our cells, the master antioxidant
regulator is glutathione, a simple molecule which may be a central part of disease and health.> Furthermore,
glutathione is crucial for eliminating some of the most insidious toxins in our environment: pesticides, mold,
mercury, and air pollution. Fortunately, glutathione status can be highly influenced by what we eat.

Who should support glutathione?
e Dementia, cancer, liver diseases, diabetes, hypertension, infertility, cystic fibrosis, multiple sclerosis,
lupus, HIV, and Parkinson’s have been associated with depleted glutathione.*
e Antibiotics can impede the mitochondria,” and supporting glutathione may reduce the impact.

e High-normal gamma-glutamyl transferase (GGT)®” and low-normal total bilirubin® on routine lab work
may suggest glutathione depletion due to oxidative stress. Glutathione can also be measured directly in
whole blood, though this may inadequately reflect tissue levels (discussed on page 3). Speak with a
medical professional to interpret your labs in the context of your overall health.

e Several genetic polymorphisms alter the function of enzymes that create, utilize, and recycle glutathione.
Your genes may inform which strategies are best for you, particularly in regards to detox support.’

e Those regularly exposed to pesticides, mold, mercury, or air pollution should support glutathione for
healthy detoxification.'®"* Given the pervasiveness of air pollution and pesticides in the modern world,
this is just about all of us.

How to use this document

The following chart outlines foods and nutrients that have been demonstrated in research to enhance glutathione
in three ways. Different categories should be emphasized depending on your goals:

Synthesis support: Provides precursors for glutathione and stimulates the enzymes that create it.

o This is the foundational strategy, bolstering glutathione reserves for both antioxidant and detox needs.

Antioxidant support: Augments the ability of glutathione to quench free radicals and reduce oxidative stress.

e Add these strategies to reduce the oxidative stress associated with chronic disease, antibiotic use, heavy
metal toxicity, or mitochondrial dysfunction.

Detox support: Activates the enzyme that binds toxins to glutathione, facilitating their elimination.
o  Add these strategies to enhance the removal of toxins and protect the liver.

The foods and nutrients in the table that follows should be selectively incorporated into a balanced diet with the
help of a nutrition professional. The items in each section are listed roughly in order of their strength of evidence.
For an overview of glutathione, and the research and rationale behind the table, see the pages that follow.
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DIETARY SUPPORTS FOR GLUTATHIONE

ANTIOXIDANT

SYNTHESIS

DETOX

o Purple/blue polyphenols: red grapes,
blackberries, chokeberries, black currants,
pomegranate, sour cherries, cranberries,
raspberries, blueberries, boysenberries

o Vitamin C: bell peppers, chili peppers,
acerola cherries, rosehips, guava,
cantaloupe, parsley, kale, kiwi, broccoli,
cauliflower, brussels sprouts, lemons,
oranges, strawberry

o Vitamin E: sunflower seeds, almonds,
hazelnuts, pine nuts, peanuts, Brazil nuts,
bell peppers, salmon, olive oil, avocado

Rooibos

Green and white tea

Dark roast coffee (> light roast)
Extra virgin olive oil

Salmon (and other fatty fish)
Honeybush

Red palm oil

Cacao (raw > roasted)

Button mushrooms

o O O O O O O O o o

Selenium*: Brazil nuts (max. 1-2 per
day), oats, mushrooms, brown rice,
sunflower seeds, fish, poultry, meat

o Riboflavin: liver, dairy, mushrooms,
almonds, eggs, shellfish, red meat,
nutritional yeast, grapes, cacao

*May not benefit post-menopausal women or people of African
descent. Excess selenium may perpetuate insulin resistance.

(@)

Precursors

Amino acids (cysteine/glycine/glutamine/serine)
High cysteine:methionine (priority) — eggs,
oats, tempeh, tofu, wheat germ, nutritional yeast,
seaweed, split peas, lentils, lima beans, edamame,
chickpeas, buckwheat, peanuts, hemp seeds, chia,
sunflower seeds, flax, pumpkin seeds, cashews,
Greek yogurt, fresh cheese

Low cysteine:methionine — beef, lamb, chicken,
turkey, duck, salmon, game meats

Whey protein

Sulfur: broccoli, arugula, garlic, brussels sprouts,
savoy cabbage, cauliflower, mustard greens/seeds,
kale, turnips

Enzyme support

(@)

o O O O

Magnesium: Seeds (pumpkin, flax, chia, sesame,
sunflower); Nuts (Brazil, cashews, almonds); Grains
(brown rice, oats, buckwheat, amaranth, wheat
germ, quinoa); Legumes (edamame, black beans,
peanuts); Greens (seaweed, kale, basil); avocado,
cacao

Purple/blue polyphenols: blackberries, red
grapes, blueberries, cranberries, black currants,
sour cherries, pomegranate, raspberries,
chokeberries, boysenberries

White and green tea
Cacao

Rosemary

Selenium* (see left for list)

o O O O

Cruciferous vegetables:

(best choices) brussels sprouts,
broccoli sprouts, red cabbage;
(secondary) broccoli, cauliflower,
radish sprouts, white cabbage,

Green tea

Purple/blue polyphenols: red
grapes, blackberries, chokeberries,
black currants, cranberries, sour
cherries, blueberries, raspberries,
pomegranate, boysenberries

Rooibos
Honeybush
Rosemary

Black cumin seed

MULTIFUNCTIONAL FOODS

A = antioxidant; P = precursors;
E = enzyme support; D = detox
Purple polyphenols (A/E/D)
Green tea (A/E/D)
Rooibos (A/D)
Brussels sprouts (A/P/D)
Salmon (A/P)
Sunflower seeds (A/P/E)
White tea (A/E)
Honeybush (A/D)
Cacao (A/E)
Rosemary (E/D)
Oats (P/E)
Eggs (A/P)

Nutrient sources: cysteine, glycine, serine, glutamine (University of Minnesota Nutrition Coordinating Center via Cronometer.com, mostly combined glutamine/glutamate levels); vitamin
E, vitamin C, riboflavin, magnesium, selenium (USDA FoodData Central); sulfur (Doleman et al, 2017, cited??); all others from direct human or animal in vivo research, cited following.
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Nutrition for Glutathione: the science 3

SYNTHESIS — PRECURSORS

Glutathione (GSH) is a tripeptide of cysteine, glycine, and glutamate. Cysteine, a sulfur-containing amino acid,
is considered the rate-limiting precursor, and acts as an extracellular antioxidant itself. In addition to dietary intake,
cysteine can be synthesized, mostly from the other more plentiful sulfur amino acid methionine. However, high
methionine intake is associated with cardiovascular disease, fatty liver, and insulin resistance, by increasing
homocysteine.'* Rodent studies have found methionine depletion increases GSH and extends lifespan,'® and that
cysteine is superior for GSH repletion.'® Thus, listed sources are distinguished by cysteine-to-methionine ratio.

Some debate that cysteine is the rate limiter in GSH synthesis. Human studies have found that during low but safe
protein intake (<1g/kg) or moderate toxic exposure, glycine is instead the rate limiter.''® Glycine amplifies the
benefit of supplemental cysteine for GSH." In addition, glycine can synthesize cysteine with inorganic sulfur,
derived from non-amino acid sources.”

While glutamate is abundant in food, supplementing its precursor glutamine in the elderly and HIV-positive at
10-20g/day restored depleted GSH levels equally to 1g N-acetylcysteine, though neither increased GSH in healthy
controls.”"** (None of these supplemental doses are attainable by dietary intake alone, however.) Glutamine is
readily converted to glycine, lending dual significance for GSH.

Serine is another amino acid precursor to cysteine, requiring inorganic sulfur. Serine has also been shown to
increase GSH by both supporting methionine recycling,” and regulating gene expression in mice.?* Increasing
total dietary protein however does not raise GSH.* Targeting these amino acids may be a preferable strategy.

Whey is a concentrated source of cysteine from dairy, which has been well-researched for effects on GSH. Doses
of 12-45g/day for several weeks or more have been shown to increase plasma GSH in HIV,?*?® overweight,* type
II diabetes,® nonalcoholic s‘[ea‘[ohepatitis,3 ! hepatitis B and C,*? Parkinson’s,”® stroke,** and healthy
individuals,*>*® though specific formulas may vary in efficacy.?” One research group found whey improved lung
function in cystic fibrosis and raised lymphocyte but not blood GSH,*”** mirroring findings in cancer patients.**°
This suggests plasma GSH may underestimate tissue stores, especially when research shows clinical benefit.*'

SYNTHESIS — ENZYME SUPPORT

Glutathione is synthesized in two enzymatic steps, and magnesium is an essential cofactor in both. Magnesium
deficiency inhibits GSH synthesis in rats,** and supplementation increases GSH in atopic children.* Other dietary
compounds may increase the activity or expression of the rate-limiting enzyme glutamate-cysteine ligase (GCL).

e Purple/blue polyphenols: Dark purple, red, or blue fruits and vegetables contain shared types of
polyphenols, a broad category of health-promoting plant compounds. They owe their hue to anthocyanins,
which may be their primary active constituents. Clinical trials have found these foods (listed in the table)
raise GSH levels in healthy people,*** and those on hemodialysis.”’ In vitro,”*** and rodent™ studies
demonstrate GCL-stimulating activity. The benefits likely extend to other blue/purple whole foods.

e White and green tea: Four cups of green tea daily increased blood GSH in adults with metabolic syndrome.**
Cell culture studies confirm green tea stimulates GCL.*° In mice, white tea raises GSH more effectively
than green tea.”” Considering their shared constituents, and the paucity of research on white tea, similar GCL
stimulation can be presumed.

e Cacao: In rats, cacao restored GSH levels depleted by a high-fat diet.” In a similar study, raw cacao had
greater benefit than roasted.* In vitro research suggests one mechanism is an upregulation of GCL.%

e Rosemary: At a human equivalent dose of 10g per day,®' rosemary protected rats against creosote-induced
hepatotoxicity and oxidative stress, increasing glutathione stores.®* Cell culture studies suggest upregulating
GCL is a primary mechanism.®

e Selenium: Preclinical research has found that selenium (Se) enhances GCL activity, and observational
studies show a correlation between Se status and GCL.** A US study found that while Blacks had lower blood
Se than white subjects, 247mcg Se per day resulted in greater increases of both blood Se and GSH in white
than Black individuals.** Furthermore, Se supplementation failed to improve GSH status in postmenopausal
women.* Genetics, hormonal factors, and baseline selenium status may contribute.
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ANTIOXIDANT

As an antioxidant, glutathione is a martyr, sacrificing itself to become oxidized and sparing our cells the damage.
The enzyme glutathione peroxidase (GPx) facilitates this activity. Glutathione reductase (GSR) recycles GSH
back into a reduced state so it can exert its antioxidant effect repeatedly. Some plant compounds can also recycle

glutathione directly or reduce its antioxidant burden.

Purple/blue polyphenols: Human studies show that these foods raise the reduced to oxidized glutathione
ratio (GSH:GSSH), a marker of GSH antioxidant capacity, and improve markers of oxidative damage.***
As antioxidants, anthocyanins may participate in the direct recycling of glutathione.

Vitamin C: Ascorbic acid may mutually support GSH recycling at modest doses. Daily intake of 500mg
vitamin C in healthy humans is sufficient for maximal increases in plasma GSH above imposed dietary
ascorbate depletion,’® or observed deficiency.”” Lower doses were not studied, though a large seven-year
study found that 250mg vitamin C (attainable by food alone) with 100mg vitamin E and 37.5mcg selenium
increased plasma GSH in healthy individuals.®® Doses up to 1g ascorbate daily may be necessary for maximal
benefit in type II diabetes,” ' though as little as 750mg per week decreased GSH in hemodialysis patients.”
Lymphocyte GSH and ascorbate correlates in one study,”” however erythrocyte GSH and plasma ascorbate
do not in other research.®

Vitamin E: Vitamin E is another antioxidant with a mutualistic relationship to GSH. Short-term high-dose
vitamin E supplementation (400-600mg/day) improved glutathione levels and plasma antioxidant capacity
in type I1,”* and type I diabetics,” as did 100mg within a multi-nutrient trial.®® However, as with vitamin C,
lower dietary doses may be effective in healthy individuals, and trials are lacking.

Rooibos: Six cups of rooibos infusion per day increased the GSH:GSSG ratio, as well as increasing total
GSH in serum of healthy humans.”® A supportive rodent study found rooibos increased hepatic (but not
erythrocyte) GPx activity in control conditions, and blunted chemical-induced oxidative liver damage.”’
Green and white tea: Green tea increased antioxidant capacity in adults with metabolic syndrome without
altering GPx activity.> Both green and white tea reduce oxidative damage in rodent studies.’”’®

Dark roast coffee: In healthy subjects, 500ml dark roast coffee naturally rich in N-methylpyridinium and
poor in chlorogenic acid increased erythrocyte GSH above both baseline and a light roast coffee with the
opposite constituent proportions.” The dark roast modestly decreased GPx activity while maintaining lipid
peroxidation levels, suggesting coffee may spare GSH, bolstering antioxidant reserve.

Extra virgin olive oil: Regular olive oil consumption reduced cholesterol oxidation and raised GPx activity
in individuals with stable coronary heart disease.*® Refined olive oil, however, showed no benefit.

Salmon: Twice weekly salmon increased GPx and GSR activity, and GSH status in pregnant women.*!
Honeybush: While honeybush not been studied in humans, a rodent study found it elevated GSH and
GSH:GSSG equally to rooibos,*” which is effective in humans (discussed above).

Red palm oil: A rodent study found red palm oil had equal antioxidant effects to rooibos for blunting
chemical-induced hepatotoxicity.”” This may be at least partly due to vitamin E content (see below).

Cacao: In addition to increasing GSH production, cacao protects against oxidative stress in rodents by
increasing GSH antioxidant activity.’®*’

Button mushrooms: Agaricus bisporus, or its extracts, bolster GPx and GSR activity and total GSH in
hepatotoxin- and neurotoxin-exposed rodents,**** and in healthy chickens.*® The latter also demonstrated
increased GSH detoxification activity, an effect likely secondary to improved antioxidant function. The
benefits likely extend to other dietary mushrooms.

Selenium: Selenium is a component of the GPx enzyme. One Brazil nut per day (containing on average
290mcg Se) non-significantly increased GPx activity in people with coronary artery disease,®’” while the same
significantly increased GPx activity and decreased DNA damage in obese, Se-deficient women.*® Baseline
selenium status, which can be measured in whole blood, may partially determine benefit.

Riboflavin: Vitamin B2 is the cofactor for glutathione reductase, and erythrocyte GSR activity is a verified
marker of riboflavin status.*”” Riboflavin is also involved in methionine recycling, necessary to ensure
cysteine availability for GSH synthesis.” Direct research is lacking, but B2 sufficiency is likely necessary
for GSH antioxidant function.
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DETOX

Glutathione is an important substrate for phase II detoxification. GSH is conjugated with metabolized toxins —
including pesticides, mycotoxins, mercury, and air pollution — to neutralize their potentially damaging reactivity
and facilitate their elimination. The glutathione sulfotransferase (GST) enzyme family catalyzes this conjugation,
and various dietary components stimulate GST activity:

Cruciferous vegetables: The benefits of cruciferous vegetables (CV) for phase I GSH conjugation are well-
established, but not all are equal. A crossover clinical trial found brussels sprouts and red cabbage markedly
induced GST activity in plasma, while broccoli and white cabbage had no effect.”’ In another study, 300g of
brussels sprouts daily enhanced rectal (but not duodenal or lymphocyte) GST.** Riso et al confirmed that 10
days of 200g steamed broccoli does not increase plasma GST activity in healthy individuals,” though a single
portion acutely raised GST activity in smokers.”* By inference, individuals with higher toxic exposures may
benefit more from CV. Broccoli sprouts on the other hand enhanced GST-mediated benzene detoxification
in healthy volunteers in two trials.'** Broccoli sprouts also improved liver enzymes in adults with hepatic
steatosis, an effect attributed to GST induction in a parallel rodent study.”® Sprouts contain more
sulforaphane, the primary GST-stimulating constituent, than mature broccoli. Regardless, high general CV
intake has benefits. A daily 1-2lb mix of cabbage, broccoli, cauliflower, and radish sprouts modestly
increased GST activity in healthy volunteers, though GSTM1/ GSTT1-null genotypes benefitted most.’
Lampe et al suggest apiaceous vegetables may blunt the GST-enhancing benefits of CV,”*” however rodent
studies find apiaceous vegetables significantly induce GST activity.”** The possible mechanisms and
interactions warrant further research.

Green tea: Green tea polyphenols induce GST enzymes during in vivo toxic stress in rodents and in
vitro toxic stress in piglets,'® though not in control conditions.*> While human studies on green tea have not
measured GST activity, four cups a day of decaffeinated tea reduced DNA damage in smokers, though only
those who are GSTM1/GSTT1-positive.'® This suggests GST as well as antioxidant involvement.
Purple/blue polyphenols: A small, three-week clinical trial found 250g pomegranate juice daily did not
increase erythrocyte GST expression.*® A larger study found GST activity decreased during two weeks on
mixed purple fruit juices, before rebounding significantly above baseline after a washout and second juice
intervention.*’ This supports the notion that anthocyanins may act as hormetic stressors."'**

Rooibos and honeybush: Both rooibos and honeybush infusions as the sole source of drinking water
increased GST activity in rats under control conditions, in contrast to green tea.** Human studies with rooibos
have not measured GST activity.

Rosemary: Water soluble rosemary extract, but not isolated its polyphenols rosmarinic acid or caffeic acid,
significantly induced hepatic GST expression in healthy rats,'® and normalized blunted GST activity in
creosote-induced hepatotoxicity.*

Black cumin seed: One study in chickens found that black cumin, or its extract thymoquinone, markedly
increased hepatic GSH and GST-alpha content under control conditions, and blunted aflatoxin-induced DNA
damage by stimulating GST-mediated detoxification."!

100,101

EXCLUSIONS: Medicinal herbs and nutraceuticals without common dietary use have been excluded from this resource, as
such should be prescribed with broader, patient-centered indications by a professional. Several other plant constituents have
been excluded due to inappropriate or conflicting research findings:

Turmeric: Rodent studies have found GSH-enhancing benefits of turmeric extracts, principally curcuminoids, though
the human equivalent doses (HED) are unrealistically high.!%¢!%7 In vitro research confirms curcuminoids stimulate
GCL.!'% One human study has shown turmeric and black pepper extract improves GSH status, at a high dose of 1.5g
curcumin.'®” Despite its popular use for detoxification, curcumin may decrease GST enzyme activity.'!?

Quercetin: Research on GSH and the flavonol quercetin is conflicting. Rodent studies have found ~10g/day HED
decreases,!!! and increases GSH.!'2 Typical human intake is 6-20mg; ~140mg HED decreased GSH and GSR activity
in rats,!'* while up to 2.5g HED had no antioxidant effect in piglets.!!* One week taking a black currant/apple beverage
(9.6mg quercetin) raised GPx activity, but also protein oxidation in humans,''> while 1g/day quercetin capsules
decreased lipid peroxidation but did not affect GSH status after exercise.!!'®* While quercetin may stimulate GST,!!* it
may counterproductively inhibit GCL.!!!

by Jonah Udall © Creative Commons Attribution-NonCommercial-ShareAlike 4.0 license. Updated as of 2022.10.10 @



Nutrition for Glutathione: the science

References:

1. Forman HJ, Davies KJA, Ursini F. How do nutritional antioxidants
really work: nucleophilic tone and para-hormesis versus free radical
scavenging in vivo. Free Radic Biol Med. 2014;66:24-35.

2. Dolara P, Bigagli E, Collins A. Antioxidant vitamins and mineral
supplementation, life span expansion and cancer incidence: a critical
commentary. Eur | Nutr. 2012;51(7):769-781.

3. Teskey G, Abrahem R, Cao R, et al. Glutathione as a Marker for Human
Disease. Adp Clin Chem. 2018;87:141-159.

4. Minich DM, Brown BI. A Review of Dietary (Phyto)Nutrients for
Glutathione Support. Nutrients. 2019;11(9):E2073.

5. Suarez-Rivero JM, Pastor-Maldonado CJ, Povea-Cabello S, et al.
Mitochondria and Antibiotics: For Good ot for Evil? Biomolecules.
2021;11(7):1050.

6. Koenig G, Seneff S. Gamma-Glutamyltransferase: A Predictive
Biomatrker of Cellular Antioxidant Inadequacy and Disease Risk. Dis
Markers. 2015;2015:818570.

7. LongY, ZengF, Shi ], Tian H, Chen T. Gamma-glutamyltransferase
predicts increased risk of mortality: a systematic review and meta-
analysis of prospective observational studies. Free Radic Res.
2014;48(6):716-728.

8. Boon AC, Hawkins CL, Bisht K, et al. Reduced circulating oxidized
LDL is associated with hypocholesterolemia and enhanced thiol status in
Gilbert syndrome. Free Radic Bio/ Med. 2012;52(10):2120-2127.

9. Navarro SL, Chang JL, Peterson S, et al. Modulation of human serum
glutathione S-transferase-A1/2 concentration by cruciferous vegetables
in a controlled feeding study is influenced by GSTM1 and GSTT1
genotypes. Cancer Epidemiol Biomark Prev Publ Am Assoc Cancer Res
Cosponsored Am Soc Prev Oneol. 2009;18(11):2974-2978.

10.  Barcelos GRM, Grotto D, de Marco KC, et al. Polymorphisms in
glutathione-related genes modify mercuty concentrations and
antioxidant status in subjects environmentally exposed to
methylmercury. S¢ Total Environ. 2013;463-464:319-325.

11.  Ates MB, Ortatatli M. The effects of Nigella sativa seeds and
thymoquinone on aflatoxin phase-2 detoxification through glutathione
and glutathione-S-transferase alpha-3, and the relationship between
aflatoxin B1-DNA adducts in broilers. Toxicon Off | Int Soc Toxinology.
2021;193:86-92.

12. Egner PA, Chen JG, Zarth AT, et al. Rapid and sustainable detoxication
of airborne pollutants by broccoli sprout beverage: results of a
randomized clinical trial in China. Cancer Prev Res Phila Pa. 2014;7(8):813-
823.

13. Mekonnen TF, Panne U, Koch M. Glucosylation and Glutathione
Conjugation of Chlorpyrifos and Fluopyram Metabolites Using
Electrochemistry/Mass Spectrometry. Mo/ Basel Switz. 2019;24(5):E898.

14.  Gatlick PJ. Toxicity of methionine in humans. ] Nuzr. 2006;136(6
Suppl):17228-17258.

15.  Miller RA, Buehner G, Chang Y, Harper JM, Sigler R, Smith-Wheelock
M. Methionine-deficient diet extends mouse lifespan, slows immune and
lens aging, alters glucose, T4, IGF-I and insulin levels, and increases
hepatocyte MIF levels and stress resistance. Aging Cell. 2005;4(3):119-
125.

16.  Yano Y, Maeda C, Kancko I, Kobayashi Y, Aoi W, Kuwahata M.
Cystine supplementation sustains plasma mercaptalbumin levels in rats
fed low-protein diets mote effectively than methionine. | Clin Biochem
Nutr. 2021;69(2):122-130.

17.  Jackson AA, Badaloo AV, Forrester T, Hibbert JM, Persaud C. Urinary
excretion of 5-oxoproline (pyroglutamic aciduria) as an index of glycine
insufficiency in normal man. Br ] Nutr. 1987;58(2):207-214.

18.  Jackson AA, Gibson NR, Lu Y, Jahoor F. Synthesis of erythrocyte
glutathione in healthy adults consuming the safe amount of dietary
protein. An | Clin Nutr. 2004;80(1):101-107.

19.  Sekhar RV, Patel SG, Guthikonda AP, et al. Deficient synthesis of
glutathione underlies oxidative stress in aging and can be corrected by
dietary cysteine and glycine supplementation. A | Clin Nutr.
2011;94(3):847-853.

20. Doleman JF, Grisar K, Van Liedekerke L, et al. The contribution of
alliaceous and cruciferous vegetables to dietary sulphur intake. Food
Chem. 2017;234:38-45.

21.  Borges-Santos MD, Moreto F, Pereira PCM, Ming-Yu Y, Burini RC.
Plasma glutathione of HIV+ patients responded positively and
differently to dietary supplementation with cysteine or glutamine.
Nutrition. 2012;28(7):753-756.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Amirato GR, Borges JO, Marques DL, et al. L-Glutamine
Supplementation Enhances Strength and Power of Knee Muscles and
Improves Glycemia Control and Plasma Redox Balance in Exercising
Elderly Women. Nutrients. 2021;13(3):1025.

Zhou X, He L, Wu C, Zhang Y, Wu X, Yin Y. Serine alleviates oxidative
stress via supporting glutathione synthesis and methionine cycle in mice.
Mol Nutr Food Res. 2017;61(11).

Zhou X, He L, Zuo S, et al. Serine prevented high-fat diet-induced
oxidative stress by activating AMPK and epigenetically modulating the
expression of glutathione synthesis-related genes. Biochim Bigphys Acta
Mol Basis Dis. 2018;1864(2):488-498.

Draxler A, Franzke B, Cortolezis JT, et al. The Effect of Elevated
Protein Intake on DNA Damage in Older People: Comparative
Secondary Analysis of Two Randomized Controlled Trials. Nutrients.
2021;13(10):3479.

Micke P, Beeh KM, Schlaak JF, Buhl R. Oral supplementation with
whey proteins increases plasma glutathione levels of HIV-infected
patients. Eur | Clin Invest. 2001;31(2):171-178.

Micke P, Beeh KM, Buhl R. Effects of long-term supplementation with
whey proteins on plasma glutathione levels of HIV-infected patients.
Eur ] Nutr. 2002;41(1):12-18.

Bounous G, Baruchel S, Falutz ], Gold P. Whey proteins as a food
supplement in HIV-seropositive individuals. Clin Investig Med Med Clin
Exp. 1993;16(3):204-209.

Sheikholeslami Vatani D, Ahmadi Kani Golzar F. Changes in
antioxidant status and cardiovascular risk factors of overweight young
men after six weeks supplementation of whey protein isolate and
resistance training. Appetite. 2012;59(3):673-678.

Derosa G, D’Angelo A, Maffioli P. Change of some oxidative stress
parameters after supplementation with whey protein isolate in patients
with type 2 diabetes. Nutr Burbank Los Angel Cty Calif. 2020;73:110700.
Chitapanarux T, Tienboon P, Pojchamarnwiputh S, Leelarungrayub D.
Open-labeled pilot study of cysteine-rich whey protein isolate
supplementation for nonalcoholic steatohepatitis patients. | Gastroenterol
Hepatol. 2009;24(6):1045-1050.

Watanabe A, Okada K, Shimizu Y, et al. Nutritional therapy of chronic
hepatitis by whey protein (non-heated). | Med. 2000;31(5-6):283-302.
Tosukhowong P, Boonla C, Dissayabutra T, et al. Biochemical and
clinical effects of Whey protein supplementation in Parkinson’s disease:
A pilot study. J Nexrol Sei. 2016;367:162-170.

de Aguilar-Nascimento JE, Prado Silveira BR, Dock-Nascimento DB.
Early enteral nutrition with whey protein or casein in eldetly patients
with acute ischemic stroke: a double-blind randomized trial. Nusr
Burbank Los Angel Cty Calif- 2011;27(4):440-444.

Zavorsky GS, Kubow S, Grey V, Riverin V, Lands LC. An open-label
dose-response study of lymphocyte glutathione levels in healthy men
and women receiving pressurized whey protein isolate supplements. Inz |
Food Sci Nutr. 2007;58(6):429-436.

Middleton N, Jelen P, Bell G. Whole blood and mononuclear cell
glutathione response to dietaty whey protein supplementation in
sedentary and trained male human subjects. In# ] Food Sci Nutr.
2004;55(2):131-141.

Lands LC, Iskandar M, Beaudoin N, Meehan B, Dauletbaev N,
Berthiuame Y. Dietary supplementation with pressurized whey in
patients with cystic fibrosis. ] Med Food. 2010;13(1):77-82.

Grey V, Mohammed SR, Smountas AA, Bahlool R, Lands LC.
Improved glutathione status in young adult patients with cystic fibrosis
supplemented with whey protein. | Cyst Fibros Off | Eur Cyst Fibros Soc.
2003;2(4):195-198.

Bumrungpert A, Pavadhgul P, Nunthanawanich P, Sirikanchanarod A,
Adulbhan A. Whey Protein Supplementation Improves Nutritional
Status, Glutathione Levels, and Immune Function in Cancer Patients: A
Randomized, Double-Blind Controlled Trial. | Med Food. 2018;21(6):612-
616.

Kennedy RS, Konok GP, Bounous G, Baruchel S, Lee TD. The use of a
whey protein concentrate in the treatment of patients with metastatic
carcinoma: a phase I-II clinical study. Anticancer Res. 1995;15(6B):2643-
2649.

Laviolette L, Lands LC, Dauletbaev N, et al. Combined effect of dietary
supplementation with pressurized whey and exercise training in chronic
obstructive pulmonary disease: a randomized, controlled, double-blind
pilot study. ] Med Food. 2010;13(3):589-598.

Mills BJ, Lindeman RD, Lang CA. Magnesium deficiency inhibits
biosynthesis of blood glutathione and tumor growth in the rat. Proc Soc
Exp Biol Med Soc Exp Biol Med N'Y N. 1986;181(3):326-332.

by Jonah Udall © Creative Commons Attribution-NonCommercial-ShareAlike 4.0 license. Updated as of 2022.10.10 @(D@@

BY NC SA



Nutrition for Glutathione: the science

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Bede O, Nagy D, Suranyi A, Horvath I, Szlavik M, Gyurkovits K.
Effects of magnesium supplementation on the glutathione redox system
in atopic asthmatic children. Inflamm Res Off | Eur Histamine Res Soc Al
2008;57(6):279-286.

Pedret A, Valls RM, Fernindez-Castillejo S, et al. Polyphenol-rich foods
exhibit DNA antioxidative properties and protect the glutathione system
in healthy subjects. Mo/ Nutr Food Res. 2012;56(7):1025-1033.

Weisel T, Baum M, Eisenbrand G, et al. An anthocyanin/polyphenolic-
rich fruit juice reduces oxidative DNA damage and increases glutathione
level in healthy probands. Biotechnol J. 2006;1(4):388-397.

Gouda M, Moustafa A, Hussein L, Hamza M. Three weck dietary
intervention using apticots, pomegranate juice or/and fermented sour
sobya and impact on biomarkers of antioxidative activity, oxidative
stress and erythrocytic glutathione transferase activity among adults.
Nutr]. 2016;15(1):52.

Hofmann T, Liegibel U, Winterhalter P, Bub A, Rechkemmer G, Pool-
Zobel BL. Intervention with polyphenol-rich fruit juices results in an
elevation of glutathione S-transferase P1 (hGSTP1) protein expression
in human leucocytes of healthy volunteers. Mo/ Nutr Food Res.
2006;50(12):1191-1200.

Chew B, Mathison B, Kimble L, et al. Chronic consumption of a low
calorie, high polyphenol cranberry beverage attenuates inflammation and
improves glucoregulation and HDL cholesterol in healthy overweight
humans: a randomized controlled trial. Exr ] Nutr. 2019;58(3):1223-
1235.

Spormann TM, Albert FW, Rath T, et al. Anthocyanin/polyphenolic-
rich fruit juice reduces oxidative cell damage in an intervention study
with patients on hemodialysis. Cancer Epidemiol Biomark Prev Publ Am
Assoc Cancer Res Cosponsored Am Soc Prev Oncol. 2008;17(12):3372-3380.
Serra D, Almeida LM, Dinis TCP. Anti-inflammatory protection
afforded by cyanidin-3-glucoside and resveratrol in human intestinal
cells via Ntf2 and PPAR-y: Comparison with 5-aminosalicylic acid. Chen
Biol Interact. 2016;260:102-109.

Lee HH, Lee SG, Shin JS, et al. p-Coumaroyl Anthocyanin Mixture
Isolated from Tuber Epidermis of Solanum tuberosum Attenuates
Reactive Oxygen Species and Pro-inflaimmatory Mediators by
Suppressing NF-»B and STAT1/3 Signaling in LPS-Induced RAW264.7
Macrophages. Bio/ Pharm Bull. 2017;40(11):1894-1902.

Zhu W, Jia Q, Wang Y, Zhang Y, Xia M. The anthocyanin cyanidin-3-
O-B-glucoside, a flavonoid, increases hepatic glutathione synthesis and
protects hepatocytes against reactive oxygen species during
hyperglycemia: Involvement of a cAMP-PKA-dependent signaling
pathway. Free Radic Biol Med. 2012;52(2):314-327.

Qin'Y, Zhai Q, Li Y, et al. Cyanidin-3-O-glucoside ameliorates diabetic
nephropathy through regulation of glutathione pool. Biomed Pharmacother
Biomedecine Pharmacother. 2018;103:1223-1230.

Basu A, Betts NM, Mulugeta A, Tong C, Newman E, Lyons TJ. Green
tea supplementation increases glutathione and plasma antioxidant
capacity in adults with the metabolic syndrome. Nu#r Res N'Y N.
2013;33(3):180-187.

Ye T, Zhen J, Du 'Y, et al. Green tea polyphenol (-)-epigallocatechin-3-
gallate restores Nrf2 activity and ameliorates crescentic
glomerulonephritis. P/oS One. 2015;10(3):e0119543.

Basirico L, Morera P, Dipasquale D, et al. (-)-Epigallocatechin-3-gallate
and hydroxytyrosol improved antioxidative and anti-inflammatory
responses in bovine mammary epithelial cells. Anzn Int | Anim Biosci.
2019;13(12):2847-2856.

Kumar M, Sharma VL, Sehgal A, Jain M. Protective effects of green and
white tea against benzo(a)pyrene induced oxidative stress and DNA
damage in murine model. Nu#r Cancer. 2012;64(2):300-306.

Sun M, Gu 'Y, Glisan SL, Lambert JD. Dietary cocoa ameliorates non-
alcoholic fatty liver disease and increases markers of antioxidant
response and mitochondrial biogenesis in high fat-fed mice. | Nutr
Biochem. 2021;92:108618.

Zyzelewicz D, Oracz ], Bojczuk M, et al. Effects of Raw and Roasted
Cocoa Bean Extracts Supplementation on Intestinal Enzyme Activity,
Biochemical Parameters, and Antioxidant Status in Rats Fed a High-Fat
Diet. Nutrients. 2020;12(4):E889.

Martin MA, Serrano ABG, Ramos S, Pulido MI, Bravo L, Goya L.
Cocoa flavonoids up-regulate antioxidant enzyme activity via the
ERK1/2 pathway to protect against oxidative stress-induced apoptosis
in HepG2 cells. | Nutr Biochem. 2010;21(3):196-205.

Nair AB, Jacob S. A simple practice guide for dose conversion between
animals and human. | Basic Clin Pharm. 2016;7(2):27-31.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

El-Demerdash FM, Abbady EA, Baghdadi HH. Oxidative stress
modulation by Rosmarinus officinalis in creosote-induced
hepatotoxicity. Environ Toxicol. 2016;31(1):85-92.

Shibata S, Ishitobi H, Miyaki S, Kawaoka T, Kayashima T, Matsubara K.
Carnosic acid protects starvation-induced SH-SY5Y cell death through
Erk1/2 and Akt pathways, autophagy, and FoxO23a. Int | Food Sci Nutr.
2016;67(8):977-982.

Richie JP, Muscat JE, Ellison I, Calcagnotto A, Kleinman W, El-
Bayoumy K. Association of selenium status and blood glutathione
concentrations in blacks and whites. Nu#r Cancer. 2011;63(3):367-375.
Walsh JS, Jacques RM, Schomburg L, et al. Effect of selenium
supplementation on musculoskeletal health in older women: a
randomised, double-blind, placebo-controlled trial. Lancet Healthy Iongev.
2021;2(4):e212-e221.

Johnston CS, Meyer CG, Stilakshmi JC. Vitamin C elevates red blood
cell glutathione in healthy adults. A J Clin Nutr. 1993;58(1):103-105.
Lenton KJ, Sané AT, Therriault H, Cantin AM, Payette H, Wagner JR.
Vitamin C augments lymphocyte glutathione in subjects with ascorbate
deficiency. Am J Clin Nutr. 2003;77(1):189-195.

Wang Y, Zhang L, Moslehi R, et al. Long-Term Gatlic or Micronutrient
Supplementation, but Not Anti-Helicobacter pyloti Therapy, Increases
Serum Folate or Glutathione Without Affecting Serum Vitamin B-12 or
Homocysteine in a Rural Chinese Population. | Nuzr. 2009;139(1):106-
112.

Tessier DM, Khalil A, Trottier L, Filop T. Effects of vitamin C
supplementation on antioxidants and lipid peroxidation markers in
elderly subjects with type 2 diabetes. Arch Gerontol Geriatr. 2009;48(1):67-
72.

El-Aal AA, EI-Ghffar EAA, Ghali AA, Zughbur MR, Sirdah MM. The
effect of vitamin C and/or E supplementations on type 2 diabetic adult
males under metformin treatment: A single-blinded randomized
controlled clinical trial. Diabetes Metab Syndr. 2018;12(4):483-489.

Rafighi Z, Shiva A, Arab S, Mohd Yousof R. Association of dietary
vitamin C and e intake and antioxidant enzymes in type 2 diabetes
mellitus patients. Glob | Health Sci. 2013;5(3):183-187.

Martins ML, da Silva AT, Machado RP, et al. Vitamin C decreases
reduced glutathione in chronic haemodialysis patients: a pilot,
randomised, double-blind trial. In# Uro/ Nephrol. 2021;53(8):1695-1704.
Lenton KJ, Therriault H, Cantin AM, Filép T, Payette H, Wagner JR.
Direct correlation of glutathione and ascorbate and their dependence on
age and season in human lymphocytes. A | Clin Nutr. 2000;71(5):1194-
1200.

Sharma A, Khatb S, Chugh SN, Kakkar R, Singh GP. Evaluation of
oxidative stress before and after control of glycemia and after vitamin E
supplementation in diabetic patients. Metabolism. 2000;49(2):160-162.
Gupta S, Sharma TK, Kaushik GG, Shekhawat VPS. Vitamin E
supplementation may ameliorate oxidative stress in type 1 diabetes
mellitus patients. Clin Lab. 2011;57(5-6):379-386.

Marnewick JL, Rautenbach F, Venter I, et al. Effects of rooibos
(Aspalathus linearis) on oxidative stress and biochemical parameters in
adults at risk for cardiovascular disease. | Ethnopharmacol. 2011;133(1):46-
52.

Ajuwon OR, Katengua-Thamahane E, Van Rooyen J, Oguntibeju OO,
Marnewick JL. Protective Effects of Rooibos (Aspalathus linearis)
and/or Red Palm Oil (Elaeis guineensis) Supplementation on tert-Butyl
Hydroperoxide-Induced Oxidative Hepatotoxicity in Wistar Rats. Evid-
Based Complement Altern Med ECAM. 2013;2013:984273.

Teng YS, Wu D. Anti-Fatigue Effect of Green Tea Polyphenols (-)-
Epigallocatechin-3-Gallate (EGCG). Pharmacogn Mag. 2017;13(50):326-
331.

Kotyczka C, Boettler U, Lang R, et al. Dark roast coffee is more
effective than light roast coffee in reducing body weight, and in restoring
red blood cell vitamin E and glutathione concentrations in healthy
volunteers. Mo/ Nutr Food Res. 2011;55(10):1582-1586.

Fit6é M, Cladellas M, de la Torre R, et al. Antioxidant effect of virgin
olive oil in patients with stable coronary heart disease: a randomized,
crossover, controlled, clinical trial. Azherosclerosis. 2005;181(1):149-158.
Garcia-Rodriguez CE, Mesa MD, Olza J, et al. Does consumption of
two portions of salmon per week enhance the antioxidant defense
system in pregnant women? Antioxid Redox Signal. 2012;16(12):1401-
1406.

Marnewick JL, Joubert E, Swart P, Van Der Westhuizen F, Gelderblom
WC. Modulation of hepatic drug metabolizing enzymes and oxidative
status by rooibos (Aspalathus linearis) and Honeybush (Cyclopia

by Jonah Udall © Creative Commons Attribution-NonCommercial-ShareAlike 4.0 license. Updated as of 2022.10.10 @(D@@

BY NC SA



Nutrition for Glutathione: the science

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

intermedia), green and black (Camellia sinensis) teas in rats. [ Agric Food
Chem. 2003;51(27):8113-8119.

LiuY, Zheng D, Su L, Wang Q, Li Y. Protective effect of
polysaccharide from Agaricus bisporus in Tibet area of China against
tetrachloride-induced acute liver injury in mice. Inz | Biol Macromol.
2018;118(Pt B):1488-1493.

Waly MI, Guizani N. Antioxidant potential properties of mushroom
extract (Agaricus bisporus) against aluminum-induced neurotoxicity in
rat brain. Pak | Biol S¢ci P[BS. 2014;17(9):1079-1082.

Ramsaha S, Neergheen-Bhujun VS, Verma S, et al. Modulation of
hepatocatcinogenesis in N-methyl-N-nitrosoutea treated Balb/c mice by
mushroom extracts. Food Funct. 2016;7(1):594-609.

Giannenas I, Pappas IS, Mavridis S, Kontopidis G, Skoufos J, Kyriazakis
I. Performance and antioxidant status of broiler chickens supplemented
with dried mushrooms (Agaricus bisporus) in their diet. Poult Sci.
2010;89(2):303-311.

Coutinho-Wolino KS, da Cruz BO, Cardozo LEMDF, et al. Brazil nut
supplementation does not affect trimethylamine-n-oxide plasma levels in
patients with coronary artery disease. | Food Biochem. 2022;46(8):e14201.
Cominetti C, de Bortoli MC, Purgatto E, et al. Associations between
glutathione peroxidase-1 Pro198Leu polymorphism, selenium status,
and DNA damage levels in obese women after consumption of Brazil
nuts. Nutr Burbank Los Angel Cty Calif. 2011;27(9):891-896.

Aljaadi AM, Devlin AM, Green TJ. Riboflavin intake and status and
relationship to anemia. Nu#r Rev. Published online August 26,
2022:nuac043.

Garcia-Minguillin CJ, Fernandez-Ballart JD, Ceruelo S, et al. Riboflavin
status modifies the effects of methylenetetrahydrofolate reductase
(MTHFR) and methionine synthase reductase (MTRR) polymorphisms
on homocysteine. Genes Nutr. 2014;9(6):435.

Steinkellner H, Rabot S, Freywald C, et al. Effects of cruciferous
vegetables and their constituents on drug metabolizing enzymes
involved in the bioactivation of DNA-reactive dietary carcinogens. Mutat
Res. 2001;480-481:285-297.

Nijhoff WA, Grubben MJ, Nagengast FM, et al. Effects of consumption
of Brussels sprouts on intestinal and lymphocytic glutathione S-
transferases in humans. Carcinogenesis. 1995;16(9):2125-2128.

Riso P, Brusamolino A, Moro M, Porrini M. Absorption of bioactive
compounds from steamed broccoli and their effect on plasma
glutathione S-transferase activity. Inz | Food Sci Nutr. 2009;60 Suppl 1:56-
71.

Riso P, Del Bo’ C, Vendrame S, et al. Modulation of plasma antioxidant
levels, glutathione S-transferase activity and DNA damage in smokers
following a single portion of broccoli: a pilot study. | S¢ Food Agric.
2014;94(3):522-528.

Chen JG, Johnson J, Egner P, et al. Dose-dependent detoxication of the
airborne pollutant benzene in a randomized trial of broccoli sprout
beverage in Qidong, China. A | Clin Nutr. 2019;110(3):675-684.
Kikuchi M, Ushida Y, Shiozawa H, et al. Sulforaphane-rich broccoli
sprout extract improves hepatic abnormalities in male subjects. World |
Gastroenterol. 2015;21(43):12457-12467.

Lampe JW, Chen C, Li S, et al. Modulation of human glutathione S-
transferases by botanically defined vegetable diets. Cancer Epideniol
Biomar#k Prev Publ Am Assoc Cancer Res Cosponsored Am Soc Prev Oncol.
2000;9(8):787-793.

Redding MC, Pan JH, Kim Y], et al. Apiaceous vegetables protect
against acrolein-induced pulmonary injuries through modulating hepatic
detoxification and inflammation in C57BL/6 male mice. | Nutr Biochen.
2022;101:108939.

Shebaby WN, Daher CF, El-Sibai M, et al. Antioxidant and
hepatoprotective activities of the oil fractions from wild carrot (Daucus
carota ssp. carota). Pharm Biol. 2015;53(9):1285-1294.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Khan G, Haque SE, Anwer T, Ahsan MN, Safhi MM, Alam MF.
Cardioprotective effect of green tea extract on doxorubicin-induced
cardiotoxicity in rats. Acta Pol Pharm. 2014;71(5):861-868.

Wang D, Wang T, Li Z, Guo Y, Granato D. Green Tea Polyphenols
Upregulate the Nrf2 Signaling Pathway and Suppress Oxidative Stress
and Inflaimmation Markers in D-Galactose-Induced Liver Aging in
Mice. Front Nutr. 2022;9:836112.

Tulayakul P, Dong KS, Li JY, Manabe N, Kumagai S. The effect of
feeding piglets with the diet containing green tea extracts or coumarin
on in vitro metabolism of aflatoxin B1 by their tissues. Toxzcon Off | Int
Soc Toxinology. 2007;50(3):339-348.

Hakim IA, Harris RB, Chow HHS, Dean M, Brown S, Ali IU. Effect of
a 4-month tea intervention on oxidative DNA damage among heavy
smokers: role of glutathione S-transferase genotypes. Cancer Epidemiol
Biomark Prev Publ Am Assoc Cancer Res Cosponsored Am Soc Prev Oncol.
2004;13(2):242-249.

Gonzilez-Paramas AM, Brighenti V, Bertoni L, et al. Assessment of the
In Vivo Antioxidant Activity of an Anthocyanin-Rich Bilberry Extract
Using the Caenorhabditis elegans Model. Antioxid Basel Switz.
2020;9(6):E509.

Debersac P, Vernevaut MF, Amiot M]J, Suschetet M, Siess MH. Effects
of a water-soluble extract of rosemary and its purified component
rosmarinic acid on xenobiotic-metabolizing enzymes in rat liver. Food
Chem Toxicol Int | Publ Br Ind Biol Res Assoc. 2001;39(2):109-117.

Bala K, Tripathy BC, Sharma D. Neuroprotective and anti-ageing effects
of curcumin in aged rat brain regions. Biogerontolggy. 2006;7(2):81-89.
Sankar P, Telang AG, Manimaran A. Protective effect of curcumin on
cypermethrin-induced oxidative stress in Wistar rats. Exp Toxicol Pathol
Off ] Ges Toxikol Pathol. 2012;64(5):487-493.

Biswas SK, McClute D, Jimenez LA, Megson IL, Rahman I. Curcumin
induces glutathione biosynthesis and inhibits NF-kappaB activation and
interleukin-8 release in alveolar epithelial cells: mechanism of free radical
scavenging activity. Antioxid Redox Signal. 2005;7(1-2):32-41.

Panahi Y, Ghanei M, Hajhashemi A, Sahebkar A. Effects of
Curcuminoids-Piperine Combination on Systemic Oxidative Stress,
Clinical Symptoms and Quality of Life in Subjects with Chronic
Pulmonary Complications Due to Sulfur Mustard: A Randomized
Controlled Trial. | Diet Suppl. 2016;13(1):93-105.

Appiah-Opong R, Commandeur JNM, Istyastono E, Bogaards JJ,
Vermeulen NPE. Inhibition of human glutathione S-transferases by
curcumin and analogues. Xenobiotica Fate Foreign Compd Biol Syst.
2009;39(4):302-311.

Gao W, Pu L, Chen M, et al. Glutathione homeostasis is significantly
altered by quercetin via the Keap1/Ntf2 and MAPK signaling pathways
in rats. | Clin Biochens Nutr. 2018;62(1):56-62.

Kobori M, Takahashi Y, Akimoto Y, et al. Chronic high intake of
quercetin reduces oxidative stress and induces expression of the
antioxidant enzymes in the liver and visceral adipose tissues in mice. |
Funct Foods. 2015;15:551-560.

Choi EJ, Lee BH, Lee K, Chee KM. Long-term combined
administration of quercetin and daidzein inhibits quercetin-induced
suppression of glutathione antioxidant defenses. Food Chem Toxicol Int |
Publ Br Ind Biol Res Assoc. 2005;43(5):793-798.

Degroote J, Vergauwen H, Van Noten N, et al. The Effect of Dietary
Quercetin on the Glutathione Redox System and Small Intestinal
Functionality of Weaned Piglets. Antioxid Basel Switz. 2019;8(8):E312.
Young JF, Nielsen SE, Haraldsdéttir J, et al. Effect of fruit juice intake
on urinary quercetin excretion and biomarkers of antioxidative status.
Am ] Clin Nutr. 1999;69(1):87-94.

Duranti G, Ceci R, Patrizio F, et al. Chronic consumption of quercetin
reduces erythrocytes oxidative damage: Evaluation at resting and after
eccentric exercise in humans. Nu#r Res N Y N. 2018;50:73-81.

by Jonah Udall © Creative Commons Attribution-NonCommercial-ShareAlike 4.0 license. Updated as of 2022.10.10 @(D@@

BY NC SA



