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Abstract. Glutathione tripeptide is a small thiol molecule, which protects the body from reactive oxygen forms, aging, 
exposure to xenobiotics, destructive inflammation, various forms of cell death, and many diseases that are the leading 
causes of mortality worldwide. Glutathione is found in all animal cells. It ensures optimal performance under the effect 
of various adverse environmental factors. The report gives an overview of the structure and synthesis of glutathione in 
the body, its key role in the formation of antioxidant protection, detoxification of exogenous and endogenous xenobiotics. 
We discuss the participation of the glutathione system in the innate and acquired immune response processes, 
programmed cell death, cell proliferation, DNA repair and synthesis. The article provides a list of factors that cause 
glutathione system depletion followed by a decrease in the reserve capacity of the cell, up to its death. The content of 
glutathione in food products and the possibility of its transport into the internal environment from food are discussed. 
Changes in the content of glutathione depending on the methods of its introduction into the body are considered. The 
objective was to provide the variety of physiological aspects of the role of glutathione, to give a complex impression 
of the importance of this molecule for the body, to demonstrate the significance and possibility of preventing depletion 
of the glutathione system. 
Keywords: glutathione, antioxidant, glutathione peroxidase, detoxifi cation, glutathione transferase, glutathione 
transporters, disease prevention
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Резюме. Трипептид глутатион — небольшая тиольная молекула, защищающая организм от активных форм 
кислорода, старения, воздействия ксенобиотиков, разрушительного воспаления, различных форм клеточной 
смерти, многих заболеваний, являющихся ведущими причинами смертности во всем мире. Глутатион со-
держится во всех животных клетках, обеспечивая оптимальное функционирование в условиях воздействия 
различных неблагоприятных факторов внешней среды. В лекции рассматриваются строение и синтез глутати-
она в организме, его ключевая роль в формировании антиоксидантной защиты, в обеспечении детоксикации 
экзогенных и эндогенных ксенобиотиков. Обсуждается участие системы глутатиона в протекании процессов 
врожденного и приобретенного иммунитета, запрограммированной клеточной смерти, в пролиферации клеток, 
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в процессах репарации и синтеза ДНК. Приводится перечень факторов, которые способны истощать систему 
глутатиона, что сопровождается снижением резервных возможностей клетки, вплоть до гибели. Обсуждается 
содержание глутатиона в продуктах питания и возможности транспорта его во внутреннюю среду из пищи. 
Рассматриваются изменения содержания глутатиона при различных способах его введения в организм. Автор 
ставил перед собой задачу показать читателю многообразие физиологических аспектов роли глутатиона, дать 
целостную картину значимости этой молекулы для организма, продемонстрировать важность и возможность 
профилактики истощения системы глутатиона. 
Ключевые слова: глутатион, антиоксидант, глутатионпероксидаза, детоксикация, глутатионтрансфераза, 
транспортеры глутатиона, профилактика заболеваний

cal inactivity, pro-inflammatory cytokines, lycopene, be-
ta-carotene, and vitamin D [4, 19, 44].

Being the smallest intracellular thiol molecule, glutat-
hione has a high reducing ability, providing antioxidant pro-
tection to the body.

Glutathione (GSH) is a hydrogen donor. Each of two 
GSH molecules donates a hydrogen atom to form a dimer 
(GSSG), which is the oxidized form of glutathione: 2GSН → 
GSSG + 2Н•.  Concentration of GSSH in tissues is not hig-
her than 0,5–1% of GSH [4, 48].

Oxidized glutathione (GSSG) can be reconverted into 
two molecules of reduced GSH by the enzyme glutat-
hione reductase and NADP-H: GSSG + NАDP-Н + Н2 → 
2GSН + NАDP-Н2.

The most reactive group in the glutathione molecule is 
a sulfhydryl group of cysteine residue –SH, which easily 
enters into reactions of one- and two-electron oxidation, thiol-
disulfide exchange, alkylation and acetylation, providing nu-
merous functions of glutathione in the cell [4, 42].

Being a powerful antioxidant, glutathione interacts di-
rectly with free radicals, superoxide, singlet oxygen, and 
hydroxyl radicals [7, 13].

Glutathione also performs its antioxidant function as a 
coenzyme of glutathione peroxidase. This enzyme is known 
to catalyze the reduction of hydrogen peroxide and hydrop-
eroxides to water or alcohol ROH. It should be noted that 
currently 7 isoforms of glutathione peroxidases are known 
[4], the function of which is not limited to the antioxidant 
effect. For example, the 4th isoform is involved in the inhi-
bition of inflammatory processes by influencing lipoxygena-
ses and cyclooxygenases [66]. The glutathione peroxidase 
deficiency, which is directly associated with a decrease in 
glutathione concentration, contributes to the development 
of acute and chronic inflammation of the cardiovascular sys-
tem and intestines, accelerates the formation of atheroscle-
rosis, and increases embryonic mortality [42].

In the glutathione-ascorbate-tocopherol chain, which is 
part of the body’s antioxidant defense system, glutat hione 
plays a key role, carrying out the reduction of oxidized 
ascorbic acid and tocopherol [47].

INTRODUCTION

Glutathione is a water-soluble tripeptide formed from 
the residues of three amino acids: glutamic acid, cysteine 
and glycine. Glutathione is found in many plant, microbi-
al and animal cells. A decrease in its intracellular content 
is an impor tant factor in the development of aging, Alzhei-
mer’s disease, Parkinson’s disease, autism, schizophrenia, 
cataract, ma cular degeneration, glaucoma, osteoporosis, 
carcinogenesis, coronary heart disease, hemorrhagic and 
ischemic stroke, atherosclerosis, pulmonary emphysema, 
chronic obstructive pulmonary disease (COPD), bronchial 
asthma, cystic fibrosis, immunodeficiency, viral infections 
and diabetes mellitus [3, 5, 14, 20, 21].

The molar concentration of glutathione in animal cells 
(1–10 mM) is higher than the concentration of most orga-
nic substances [4]. Glutathione is synthesized in the cytosol, 
and is also found in the nucleus, mitochondria, and endo-
plasmic reticulum, where it enters via intracellular transport 
[53]. Liver provides up to 90% of all circulating glutathione 
and is called the main organ of glutathione synthesis [48].

Cytosolic GSH synthesis occurs via two ATP-dependent 
reactions. The first reaction is catalyzed by glutamate-cys-
teine ligase (also known as gamma-glutamylcysteine syn-
thetase), which combines glutamate and cysteine. Regula-
tion of the activity of this enzyme is carried out, firstly, by 
competitive inhibition by glutathione according to the ne-
gative feedback principle, and secondly, by the availability 
of cysteine [4]. The physiological concentration of cysteine in 
the cell is significantly lower than the concentration of gluta-
mate. With a dietary deficiency of amino acids, a decrease in 
the level of glutathione in blood plasma is recorded, and with 
an increase in the intake of cysteine into the body, the level 
of glutathione increases [32].

STRUCTURE AND BIOLOGICAL FUNCTION

Glutamate-cysteine ligase consists of two subunits en-
coded by different genes. Their expression is induced by 
the action of active forms of oxygen and nitric oxide, physi-
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It is important to remember that for the normal functio-
ning of the body, a small amount of reactive oxygen species 
is necessary, which are involved in the transmission of sig-
nals in cells [31]. This is why introducing excess amounts of 
glutathione into the body can lead to adverse effects.

Glutathione is associated with energy metabolism in the 
cell. Its level is critical for optimal and efficient oxidation of 
mitochondrial fatty acids. With insufficient glutathione le vels, 
oxidation of non-esterified fatty acids in mitochondria is re-
duced, which has been demonstrated in both animals and 
humans [51]. Correction of glutathione deficiency results in 
restoration of impaired mitochondrial fatty acid oxidation.

In the process of nutrient oxidation in mitochondria, 
reac tive oxygen species are formed, which can damage the 
mitochondria. GSH deficiency results in mitochondrial dys-
function, which can be corrected by correcting glutathione 
levels [40].

Glutathione transferases play a major role in the meta-
bolism of endogenous and exogenous xenobiotics, cataly-
zing reactions of conjugation, reduction, isomerization, etc. 
[48]. Numerous glutathione transferases are grouped into 
three families: cytosolic, mitochondrial, and microsomal. 
Some of them are involved in the synthesis of prostaglan-
dins and leukotrienes, testosterone and progesterone, and 
tyrosine degradation [4].

Detoxification processes occur in all cells, and are espe-
cially active in the liver, where electrophilic xenobiotics of al-
most all classes are neutralized. These xenobiotics include 
a variety of substances: pesticides, drugs, smoking pro-
ducts, paints, carcinogens and mutagens. The addition of 
glutathione helps reduce toxicity by decreasing their activity 
and leads to a more rapid elimination of these compounds 
from the body, as their hydrophilicity increases.

As early as the 1980s, it was believed that detoxification 
of exogenous xenobiotics was the main function of glutat-
hione transferases. Nowadays, it is clear that the primary 
function of glutathione transferases is to participate in the 
metabolism of toxic endogenous substances. Already in 
prokaryotes, glutathione transferases perform the conju-
gation of GSH with secondary metabolites of oxidative 
stress — aldehydes, quinones, epoxides [42].

Glutathione plays a key role in many forms of pro-
grammed cell death, including apoptosis, necroptosis, fer-
roptosis and autophagy [8, 25, 30, 55]. Apoptosis is initiated 
and triggered by the caspase family. A decrease in GSH/
GSSG ratio in the cell precedes the activation of caspases 
and is considered an early event in the progression of apop-
tosis in response to various stimuli [28, 35]. In some cases, 
GSH depletion not only triggers one form of programmed 
cell death, but can also initiate multiple forms of cell death. 
These different forms of cell death can be initiated simulta-

neously or sequentially and then interact with each other 
[23, 27, 68].

Glutathione is directly involved in cell proliferation. Thus, 
when there is insufficient GSH content in the nucleus, the 
cell cycle stops at the G1 phase. At the onset of cell proli-
feration, GSH creates the necessary redox environment to 
stimulate chromatin degradation. Nuclear glutathione is re-
quired to control nuclear protein degradation by the nuclear 
proteasome [2, 30, 55].

The normal course of innate and acquired immunity pro-
cesses cannot occur without GSH. Immune cells use active 
forms of oxygen to eliminate pathogens. Glutathione is used 
to contain this process within the infectious focus and pre-
vent excessive impact on surrounding tissues. In addition, it 
is important for the regulation of such processes as prolife-
ration of T-lymphocytes, the phagocytic activity of polymor-
phonuclear neutrophils, and the functions of dendritic cells 
[41, 54, 64, 65].

Glutathione is essential for cells to repair damaged 
 areas of DNA, proteins and other biomolecules. Synthe-
sis and repair of damaged DNA occurs with the participa-
tion of the enzyme ribonucleotide reductase (RNR). The 
GSH-glutathio ne reductase system is an electron donor 
for this enzyme, thereby supporting DNA synthesis and 
repair [30, 62].

Glutathione is the first protective barrier for the lens, cor-
nea, retina, skin, lungs and intestinal mucosa [46, 50].

Thus, glutathione status is an indicator of cell viability. 
When the glutathione system is depleted, the functionality 
and resistance of cells decreases sharply, even to the point 
of death.

FACTORS THAT DEPLETE 
THE GLUTATHIONE SYSTEM

Various exogenous and endogenous factors of phy sical 
or chemical etiology can deplete the glutathione system. 
Viral infections [36], various radiations [52], including ul-
traviolet [24], toxins including alcohol, heavy metals, inf-
lammation, household chemicals and dietary deficiency of 
glutathione and its precursors lead to a decrease in the con-
centration of reduced glutathione [6, 43].

With aging, the level of reduced glutathione decreases, 
and the oxidized one increases [42, 59, 67]. This deteriora-
tion of GSH homeostasis may participate, along with other 
physiological phenomena, in the development of age-rela-
ted diseases.

Thus, oxidative depletion of glutathione can outpace its 
synthesis. In such situations, the body is extremely impor-
tant to be able to obtain glutathione from exogenous sour-
ces. Naturally, questions arise about the presence and 
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quantity of glutathione in food, the possibility of transporting 
this substance from the gastrointestinal tract to blood plas-
ma and its interorgan transport.

GLUTATHIONE CONTENT IN FOOD

Glutathione is a common component of human nutrition, 
as it is part of all animal cells, yeast and many plants [4, 
7, 42, 49]. Human nutritional sources contain both reduced 
and oxidized glutathione. The total content of glutathione 
(GSH+GSSG) in 100 g of fresh liver is about 200 mg, in 
100 g of meat is about 50 mg, in plant products its content 
ranges from 1 to 28 mg per 100 g of product [1, 6].

L. Pilat et al. (2012) provide lists of products that con-
tain not only glutathione, but also its inactivating substances 
(GRU). The authors also indicate products that contain only 
glutathione, or only its inactivators, or both [6].

For example, in the list of products containing only 
glutath ione (GSH+GSSG), boiled asparagus is in first place 
(916 nmol/g total GSH). This list also includes meat pro-
ducts, including veal chop and fried beefsteak — 774 and 
434 nmol/g, respectively, vegetables (cauliflower, broccoli, to-
matoes, carrots, cucumbers, etc.) — an average of 200 nmo-
l/g, fruits (oranges, peaches) — 237 and 241 nmol/g, etc. In 
the list of products containing only GRU (where GRU was 
defined as the amount of GSH reacting with a food sample, 
nmol/g food), milk and some dairy products are in the first 
place, followed by cherries, blueberries, prunes, and among 
drinks, the most important are tea, coffee, etc. There is a 
fairly extensive list of products containing glutat hione and 
substances that inactivate it. The authors note that fresh 
fruits and vegetables generally contain more glutathione 
than GRU, although the amount of glutathione va ries wide-
ly. Cereals such as corn and fortified white bread contained 
GRU and very little GSH, while rice, oatmeal, and whole 
white bread had relatively high levels of GSH and low levels 
of GRU.

GLUTATHIONE TRANSPORT

How is glutathione transported from food into the body’s 
internal environment? It is known that intestinal epitheli-
al cells have a special transporter for glutathione and are 
able to import it from the intestinal lumen in an intact form 
[42, 66]. In parallel to this process, enterocytes, using the 
enzymes gamma-glutamyl transferase and dipeptidase, 
hydrolyze glutathione into amino acids. Then, these ami-
no acids are transported into the cell, where glutathione is 
synt hesized again.

For intracellular transport of glutathione through internal 
membranes, dicarboxylate and oxoglutarate transporters 

are used [53]. Interorgan transport of glutathione is carried 
out with the help of three groups of proteins: multidrug resis-
tance proteins, polypeptides that transport organic anions, 
and Ral-binding proteins [15, 16]. Glutathione, which is 
synt hesized in hepatocytes, is transported into blood plas-
ma, epithelial lining fluids and exocrine secretions (e.g. bile, 
unchanged, without degradation) [10, 15, 17]. In rat liver, 
approximately half of GSH is released into plasma and half 
passes through the tubular membrane into bile [16].

CHANGES IN GLUTATHIONE CONTENT IN THE BODY 
DEPENDING ON TYPE OF ADMINISTRATION

The effectiveness of glutathione in dietary supplements 
is highly controversial. Thus, animals have demonstrated 
good results from the use of glutathione, which were ac-
companied by an anticarcinogenic effect [60], an improve-
ment in the immune status [29], and an increase in the de-
toxification function [38].

At the same time, the effectiveness of oral glutathione 
in humans is controversial. Researchers associate this with 
the amount and activity of the intestinal enzyme γ-glutamyl 
transpeptidase, which breaks down glutathione [9, 69].

However, there is a six-month randomized, double-blind, 
placebo-controlled study that showed that oral glutathione 
supplementation at 250 or 1000 mg/day resulted in signi-
ficant increases in body glutathione stores in 54 non-smo-
king adults [58]. At the same time, good results have been 
shown using sublingual glutathione [22, 61]. The authors 
demonstrated that with a sublingual dosage form, the tripep-
tide GSH is directly assimilated through the buccal mucosa. 
Sublingual administration of glutathione (450 mg/day) result-
ed in an increase in plasma GSH. In addition, a se condary 
effect of glutathione administration was a significant in-
crease in plasma vitamin E.

Based on the above studies, it can be assumed that 
 dietary glutathione is partly absorbed through the oral mu-
cosa, and partly through the gastrointestinal tract. Part of it 
is hydrolyzed by the intestinal and liver enzyme γ-glutamyl 
transpeptidase.

EFFECT OF DIFFERENT DIETS 
ON GLUTATHIONE HOMEOSTASIS

The Mediterranean diet, which is characterized by high 
consumption of vegetables, fruits, greens, extra virgin olive 
oil, cereals, legumes, nuts, moderate consumption of red 
wine, fish, dairy products, showed an inverse relationship 
with the level of GSSG and, accordingly, with an increase in 
the GSH/GSSG ratio, regardless of family and genetic fac-
tors [26]. In another study, adherence to the Mediterranean 
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diet in adult men and women showed a positive associa-
tion with GSH levels and an inverse association with GSSG 
[18]. Calculations were made after adjustment for age, body 
mass index, sex, race, and history of chronic diseases.

The DASH diet, which was developed for the treatment 
and prevention of hypertension, promotes an increase in 
plasma GSH levels [11, 12, 57]. This diet includes 5 ser-
vings of fresh vegetables and fruits per day, 7 servings of 
carbohydrates (whole grains, legumes), 2 servings of meat 
and 2 of dairy products, nuts and seeds — 2–3 servings per 
week. The diet emphasizes reduced intake of saturated fat 
and sodium.

Analysis of the effects of vegetarian diets has shown con-
flicting results: a number of studies have recorded an increase 
in GSH in blood plasma, mainly in individuals with chronic 
diseases and reduced baseline glutathione levels [34, 63], 
while other studies, on the contrary, have demonstra ted its 
decrease [39] or no changes there [33, 37, 56]. Such mixed 
results of vegetarian diets are most likely related to possible 
amino acid deficiency that disrupts GSH synthesis.

Diets typical of modern urban populations and con taining 
insufficient amounts of fresh vegetables and fruits may be as-
sociated with decreased plasma GSH levels [45].

CONCLUSION

Optimal functioning of the glutathione system in the body 
is directly related to health reserves, prevention of many di-
seases, slowing down the aging process and increasing life 
expectancy. Maintaining normal glutathione levels is possib le 
with dietary optimization, especially in cases where the body’s 
antioxidant systems are depleted under the influence of un-
favorable factors. Studies are needed to examine the effects 
of including glutathione-containing foods in the diet and, con-
versely, excluding glutathione-depleting foods from the diet 
during oxidative stress and other adverse effects on the body. 

ADDITIONAL INFORMATION 

The author read and approved the final version before 
publication. 

Competing interests. The author declares the absence 
of obvious and potential conflicts of interest related to the 
publication of this article.

Funding source. This study was not supported by any 
external sources of funding. 

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ 

Автор прочитал и одобрил финальную версию пе-
ред публикацией.

Конфликт интересов. Автор декларирует отсутст-
вие явных и потенциальных конфликтов интересов, свя-
занных с публикацией настоящей статьи.

Источник финансирования. Автор заявляет об 
отсутствии внешнего финансирования при проведении 
исследо вания. 

REFERENCES

1. Alekseev V.V., Alipov A.N., Andreev V.A. i dr. Medicinskie labora-
tornye tehnologii. [Medical laboratory technologies]. Tom 2. Mosk-
va: GEOTAR-Media Publ.; 2013. (in Russian).

2. Baranov I., Gladin D., Kozlova N. Vzaimosvjaz’ giperaktivacii sig-
nal’nogo puti mTOR, processov starenija i patogeneza COVID-19 
(obzor literatury). [The relationship between hyperactivation of the 
immune pathway signal and the spread of COVID-19 (lite rature 
review)]. Russian Biomedical Research. 2023;8(2):64–77. DOI: 
10.56871/RBR.2023.18.67.009. (in Russian).

3. Borisenok O.A., Bushma M.I., Basalay O.N., Radkovets A.Yu. Bio-
logicheskaya rol’ glutationa. [The biological role of glutathione]. 
Meditsinskie novosti. 2019;7(298): 3–8. (in Russian).

4. Kulinskiy V.I., Kolesnichenko L.S. Sistema glutationa. I. Sintez, 
transport, glutationtransferazy, glutationperoksidazy. [The glutath-
ione system. I. Synthesis, transport, glutathione transferases, 
glutathione peroxidases]. Biomeditsinskaya khimiya. 2009;55(3): 
255–277. (in Russian).

5. Pereverzev A.P., Romanovskiy R.R., Shatalova N.A. Ostroumo-
va O.D. Inflameydzhing: vospalenie i oksidativnyy stress kak 
prichina stareniya i razvitiya kognitivnykh narusheniy. [Inflama-
ging: inflammation and oxidative stress as a cause of aging and 
the development of cognitive impairment]. Meditsinskiy sovet. 
2021;(4):48–58. (in Russian).

6. Pilat T.L. Biologicheski aktivnye veshchestva produktov pitaniya i 
ikh vliyanie na protsess detoksikatsii ksenobiotikov. [Biologically 
active substances of food and their influence on the process of de-
toxification of xenobiotics]. V kn.: Pilat T.L., Kuz’mina L.P., Izmero-
va N.I. Detoksikatsionnoe pitanie. Moskva: GEOTAR-Media Publ.; 
2012:112–143. (in Russian).

7. Tolpygina O.A. Rol’ glutationa v sisteme antioksidantnoy zashchity 
(Obzor). [The role of glutathione in the antioxidant defense system 
(Review)]. Byulleten’ VSNTs SO RAMN. 2012; 2(84,Ch.2):178–180. 
(in Russian).

8. Hajcev N.V., Vasil’ev A.G., Trashkov A.P., Kravcova A.A., Bala-
shov L.D. Vlijanie vozrasta i pola na harakter otvetnyh reakcij belyh 
krys pri dejstvii hronicheskoj gipoksicheskoj gipoksii. [Influence of 
age and gender on the nature of responses of white rats under the 
action of chronic hypoxic hypoxia]. Pediatr. 2015;6(2):71–77. DOI: 
10.17816/PED6271-77. (in Russian).

9. Allen J., Bradley R.D. Effects of oral glutathione supplementation on 
systemic oxidative stress biomarkers in human volunteers. J Altern 
Complement Med. 2011;17:827–833.



ЛЕКЦИИ 91

 РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ  ТОМ 9   № 2   2024 eISSN 2658-6576

10. Anderson M.E., Underwood M., Bridges R.J., Meister A. Glutath-
ione metabolism at the blood-cerebrospinal fluid barrier. FASEB J. 
1989;3(13):2527–31. DOI: 10.1096/fasebj.3.13.2572501.

11. Asemi Z., Samimi M., Tabassi Z., Shakeri H., Sabihi S.S., Esmaill-
zadeh A. Effects of DASH diet on lipid profiles and biomarkers of oxi-
dative stress in overweight and obese women with polycystic ovary 
syndrome: A randomized clinical trial. Nutrition. 2014;30:1287–
1293.

12. Asemi Z., Samimi M., Tabassi Z., Sabihi S.S., Esmaillzadeh A. 
A randomized controlled clinical trial investigating the effect of 
DASH diet on insulin resistance, inflammation, and oxidative stress 
in gestational diabetes. Nutrition. 2013;29:619–624.

13. Averill-Bates D. The antioxidant glutathione. Vitam Horm. 
2023;121:109–141.

14. Bajic V.P., Van Neste C., Obradovic M., Zafirovic S., Radak D., 
 Bajic V.B., Essack M., Isenovic E.R. Glutathione “Redox Homeo-
stasis” and Its Relation to Cardiovascular Disease. Oxid Med Cell 
Longev. 2019;2019:5028181. DOI: 10.1155/2019/5028181.

15. Ballatori N., Krance S.M., Marchan R., Hammond C.L. Plasma 
membrane glutathione transporters and their roles in cell physio-
logy and pathophysiology. Mol Aspects Med. 2009;30(1-2):13–
28.

16. Ballatori N., Truong A.T., Ma A.K., Boyer J.L. Determinants of gluta-
thione efflux and biliary GSH/GSSG ratio in perfused rat liver. Am J 
Physiol. 1989;256:482–490. 

17. Bennani-Baiti B., Toegel S., Viernstein H., Urban E., Noe C.R., 
Bennani-Baiti I. MInflammation modulates RLIP76/RALBP1 elec-
trophile-glutathione conjugate transporter and housekeeping 
genes in human blood–brain barrier endothelial cells. PLoS One. 
2015;10(9):e0139101.

18. Bettermann E.L., Hartman T.J., Easley K.A., Ferranti E.P., 
Jones D.P., Quyyumi A.A., Vaccarino V., Ziegler T.R., Alvarez J.A. 
Higher Mediterranean Diet Quality Scores and Lower Body Mass 
Index Are Associated with a Less-Oxidized Plasma Glutathione and 
Cysteine Redox Status in Adults. J Nutr. 2018;148:245–253.

19. Biolo G., Antonione R., De M. Glutathione metabolism in sepsis. 
Review Crit Care Med. 2007;35(9 Suppl):S591–5.

20. Bjørklund G., Peana M., Maes M., Dadar M., Severin B. The glutath-
ione system in Parkinson’s disease and its progression. Neurosci 
Biobehav Rev. 2021;120:470–478.

21. Bjørklund G., Tinkov A.A., Hosnedlová B., Kizek R., Ajsuvako-
va O.P., Chirumbolo S., Skalnaya M.G., Peana M., Dadar M., El-An-
sary A., Qasem H., Adams J.B., Aaseth J., Skalny A.V. The role of 
glutathione redox imbalance in autism spectrum disorder: A review. 
Free Radic Biol Med. 2020;160:149–162. DOI: 10.1016/j.freerad-
biomed.2020.07.017.

22. Campolo J., Bernardi S., Cozzi L., Rocchiccioli S., Dellanoce C., 
Cecchettini A., Tonini A., Parolini M., De Chiara B., Micheloni G. 
et al. Medium-term effect of sublingual l-glutathione supplementa-
tion on flow-mediated dilation in subjects with cardiovascular risk 
factors. Nutrition. 2017;38:41–47.

23. Cao J.Y., Dixon S. J Mechanisms of ferroptosis. Cell Mol Life Sci. 
2016;73:2195–2209.

24. Connor M.J., Wheeler L.A. Depletion of cutaneous glutathione by 
ultraviolet radiation. Photochem Photobiol. 1987;46(2):239–45.

25. Conrad M., Kagan V.E., Bayir H., Pagnussat G.C., Head B. et al. 
Regulation of lipid peroxidation and ferroptosis in diverse species. 
Genes Dev. 2018;32:602–619.

26. Dai J., Jones D.P., Goldberg J., Ziegler T.R., Bostick R.M., Wil-
son P.W., Manatunga A.K., Shallenberger L., Jones L., Vaccarino V. 
Association between adherence to the Mediterranean diet and oxi-
dative stress. Am J Clin Nutr. 2008;88:1364–1370.

27. Dixon S.J., Lemberg K.M., Lamprecht M.R., Skouta R., Zaitsev E.M. 
et al. Ferroptosis: An Iron-Dependent Form of Nonapoptotic. Cell 
Death. Cell. 2012;149:1060–1072.

28. Franco R., Panayiotidis M.I., Cidlowski J.A. Glutathione depletion 
is necessary for apoptosis in lymphoid cells independent of reac-
tive oxygen species formation. J Biol Chem. 2007;282(42):30452–
30465. DOI: 10.1074/jbc.M703091200.

29. Furukawa T., Meydani S.N., Blumberg J.B. Reversal of age-as-
sociated decline in immune responsiveness by dietary glutathi-
one supplementation in mice. Mech Ageing Dev. 1987;38:107–
117.

30. García-Giménez J.L., Markovic J., Dasí F., Queval G., Schnaubelt D., 
Foyer C.H. et al. Nuclear glutathione. Biochim Biophys Acta. 
2013;1830:3304–16. DOI: 10.1016/j.bbagen.2012.10.005.

31. Genestra M. Oxyl radicals, redox-sensitive signaling cascades and 
antioxidants. Cell Signal. 2007;19:1807–1819.

32. Gould R., Pazdro R. Impact of Supplementary Amino Acids, Micro-
nutrients, and Overall Diet on Glutathione Homeostasis. Nutrients. 
2019;11(5):1056.

33. Haldar S., Rowland I.R., Barnett Y.A., Bradbury I., Robson P.J., 
Powell J., Fletcher J. Influence of habitual diet on antioxidant sta-
tus: A study in a population of vegetarians and omnivores. Eur J Clin 
Nutr. 2007;61:1011–1022.

34. Kahleova H., Matoulek M., Malinska H., Oliyarnik O., Kazdova L., 
Neskudla T., Skoch A., Hajek M., Hill M., Kahle M. et al. Vegetarian 
diet improves insulin resistance and oxidative stress markers more 
than conventional diet in subjects with Type 2 diabetes. Diabet Med. 
2011; 28:549–559.

35. Khan M., Yi F., Rasul A. et al. Alantolactone induces apoptosis in 
glioblastoma cells via GSH depletion, ROS generation, and mi-
tochondrial dysfunction. IUBMB life. 2012;64(9):783–794. DOI: 
10.1002/iub.1068.

36. Khanfar A., Qaroot B.A. Could glutathione depletion be the Tro-
jan horse of COVID-19 mortality? Eur Rev Med Pharmacol Sci., 
2020;24(23):12500–12509.

37. Kim M.K., Cho S.W., Park Y.K. Long-term vegetarians have low 
oxidative stress, body fat, and cholesterol levels. Nutr Res Pract. 
2012;6:155–161.

38. Kim S.J., Han D., Ahn B.H., Rhee J.S. Effect of glutathione, 
catechin, and epicatechin on the survival of Drosophila mela-



LECTURES92

 RUSSIAN BIOMEDICAL RESEARCH VOL 9   N 2   2024 ISSN 2658-6584

nogaster under paraquat treatment. Biosci. Biotechnol. Biochem. 
1997;61:225–229. 

39. Krajcovicova-Kudlackova M., Simoncic R., Bederova A., Brtkova A., 
Magalova T., Bartekova S. Alternative nutrition and glutathione le-
vels. Casopis Lekaru Ceskych. 1999;138:528–531.

40. Kumar P., Liu C., Hsu J.W., Chacko S., Minard C., Jahoor F., 
Sekhar R.V. Glycine and N-acetylcysteine (GlyNAC) supplementa-
tion in older adults improves glutathione deficiency, oxidative stress, 
mitochondrial dysfunction, inflammation, insulin resistance, endo-
thelial dysfunction, genotoxicity, muscle strength, and cognition: 
Results of a pilot clinical trial. Clin Transl Med. 2021;11(3):e372. 
DOI: 10.1002/ctm2.372.

41. Kuppner M.C., Scharner A., Milani V. et al. Ifosfamide impairs the 
allostimulatory capacity of human dendritic cells by intracellular glu-
tathione depletion. Blood. 2003;102(10):3668–3674.

42. Labarrere C.A., Kassab G.S. Glutathione: A Samsonian life-sus-
taining small molecule that protects against oxidative stress, age-
ing and damaging inflammation. Front Nutr. 2022;9:1007816. DOI: 
10.3389/fnut.2022.1007816.

43. Lee S., Lee J., Lee H., Sung J.J. Relative protective activities of quer-
cetin, quercetin-3-glucoside, and rutin in alcohol-induced liver injury. 
Food Biochem., 2019;43(11):e13002. DOI: 10.1111/jfbc.13002.

44. Lei G.-S., Zhang C., Cheng B.-H., Lee C.-H. Mechanisms of Action 
of Vitamin D as Supplemental Therapy for Pneumocystis Pneumo-
nia. Antimicrob Agents Chemother. 2017;61(10).

45. Li L., Zhang G.F., Lee K., Lopez R., Previs S.F., Willard B., Mc-
Cullough A., Kasumov T. A Western diet induced NAFLD in LDLR(-/)
(-) mice is associated with reduced hepatic glutathione synthesis. 
Free Radic Biol. Med. 2016;96:13–21.

46. Lim J.C., Grey A.C., Zahraei A., Donaldson P.J. Age-dependent 
changes in glutathione metabolism pathways in the lens: New in-
sights into therapeutic strategies to prevent cataract formation-A 
review. Clin Exp Ophthalmol. 2020;48(8):1031–1042. DOI: 10.1111/
ceo.13801.

47. Meister A. Glutathione, ascorbate and cellular protection. Cancer 
Res. 1994;54:1969S–1975S.

48. Meister A. On the discovery of glutathione. Trends Biochem Sci. 
1988;13(5):185–8. DOI: 10.1016/0968-0004(88)90148-x.

49. Minich D.M., Brown B.I. A Review of Dietary (Phyto)Nutrients for 
Glutathione Support. Nutrients. 2019;11(9):2073. DOI: 10.3390/
nu11092073.

50. Moine L., Rivoira M., Díaz de Barboza G., Pérez A., Tolosa de Tala-
moni N. Glutathione depleting drugs, antioxidants and intestinal cal-
cium absorption. World J Gastroenterol. 2018;24(44):4979–4988. 
DOI: 10.3748/wjg.v24.i44.4979.

51. Nguyen D., Samson S.L., Reddy V.T., Gonzalez E.V., Sekhar R.V. 
Impaired mitochondrial fatty acid oxidation and insulin resis-
tance in aging: novel protective role of glutathione. Aging Cell. 
2013;12(3):415–425.

52. Nie T., Zou W., Meng Z., Wang L., Ying T., Cai X., Wu J., Zheng Y., 
Hu B. Bioactive Iridium Nanoclusters with Glutathione Depletion 

Ability for Enhanced Sonodynamic-Triggered Ferroptosis-Like Can-
cer Cell Death. Adv Mater. 2022;34(45).

53. Oestreicher J., Morgan B. Glutathione: subcellular distribution and 
membrane transport. Biochem Cell Biol. 2019;97(3):270–289. DOI: 
10.1139/bcb-2018-0189.

54. Oliver J.M., Albertini D.F., Berlin R.D. Effects of glutathione-oxidizing 
agents on microtubule assembly and microtubule-dependent surface 
properties of human neutrophils. J Cell Biol. 1976;71(3):921–932.

55. Pallardó F.V., Markovic J., García J.L., Viña J. Role of nuclear 
glutathione as a key regulator of cell proliferation. Mol Asp Med. 
2009;30:77–85.

56. Poornima K., Cariappa M., Asha K., Kedilaya H.P., Nandini M. Oxi-
dant and antioxidant status in vegetarians and fish eaters. Indian J. 
Clin. Biochem. 2003;18:197–205.

57. Razavi Zade M., Telkabadi M.H., Bahmani F., Salehi B., Farshbaf S., 
Asemi Z. The effects of DASH diet on weight loss and metabolic 
status in adults with non-alcoholic fatty liver disease: A randomized 
clinical trial. Liver Int. 2016;36:563–571.

58. Richie J.P., Jr., Nichenametla S., Neidig W., Calcagnotto A., 
Haley J.S., Schell T.D., Muscat J.E. Randomized controlled trial 
of oral glutathione supplementation on body stores of glutathi-
one. Eur J Nutr. 2015;54:251–263. DOI: 10.1007/s00394-014-
0706-z.

59. Sekhar R.V., Patel S.G., Guthikonda A.P., Reid M., Balasubra-
manyam A., Taffet G.E., Jahoor F. Deficient synthesis of glutathi-
one underlies oxidative stress in aging and can be corrected by 
dietary cysteine and glycine supplementation. Am. J. Clin. Nutr. 
2011;94:847–853. DOI: 10.3945/ajcn.110.003483.

60. Schwartz J.L., Shklar G. Glutathione inhibits experimental oral 
carcinogenesis, p53 expression, and angiogenesis. Nutr. Cancer. 
1996;26:229–236.

61. Schmitt B., Vicenzi M., Garrel C., Denisb F.M. Effects of N-ace-
tylcysteine, oral glutathione (GSH) and a novel sublingual form of 
GSH on oxidative stress markers: A comparative crossover study. 
Redox Biol. 2015;6:198–205.

62. Sengupta R., Coppo L., Mishra P., Holmgren A. Glutathione-glu-
taredoxin is an efficient electron donor system for mammalian 
p53R2-R1-dependent ribonucleotide reductase. J Biol Chem. 
2019;294(34):12708–12716. DOI: 10.1074/jbc.RA119.008752.

63. Shimizu H., Kiyohara Y., Kato I., Kitazono T., Tanizaki Y., Kubo M., 
Ueno H., Ibayashi S., Fujishima M., Iida M. Relationship between 
plasma glutathione levels and cardiovascular disease in a defined 
population: The Hisayama study. Stroke. 2004;35:2072–2077.

64. Short S., Merkel B.J., Caffrey R., McCoy K.L. Defective antigen pro-
cessing correlates with a low level of intracellular glutathione. Eur J 
Immunol. 1996;26(12):3015–3020.

65. Sido B., Braunstein J., Breitkreutz R., Herfarth C., Meuer S.C. Thiol-me-
diated redox regulation of intestinal lamina propria T lymphocytes. J 
Exp Med. 2000;192(6):907–912.

66. Silvagno F., Vernone A., Pescarmona G.P. The role of glutathi-
one in protecting against the severe inflammatory response trig-



ЛЕКЦИИ 93

 РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ  ТОМ 9   № 2   2024 eISSN 2658-6576

gered by COVID-19. Antioxidants. 2020;9:624. DOI: 10.3390/an-
tiox9070624.

67. Stewart A.N., Glaser E.P., Mott C.A., Bailey W.M., Sullivan P.G., 
Patel S.P., Gensel J.C. Advanced Age and Neurotrauma Diminish 
Glutathione and Impair Antioxidant Defense after Spinal Cord Injury. 
J. Neurotrauma. 2022;39(15-16):1075–1089.

68. Su Z., Yang Z., Xu Y., Chen Y., Yu Q. Apoptosis, autophagy, necro-
ptosis, and cancer metastasis. Molecular Cancer. 2015;14(1):48. 
DOI: 10.1186/s12943-015-0321-5.

69. Witschi A., Reddy S., Stofer B., Lauterburg B.H. The systemic avai-
lability of oral glutathione. Eur. J. Clin. Pharmacol. 1992;43:667–669.

ЛИТЕРАТУРА

1. Алексеев В.В., Алипов А.Н., Андреев В.А. и др. Медицинские 
лабораторные технологии. Том 2. М.: ГЭОТАР-Медиа; 2013.

2. Баранов И., Гладин Д., Козлова Н. Взаимосвязь гиперактива-
ции сигнального пути mTOR, процессов старения и патогене-
за COVID-19 (обзор литературы). Russian Biomedical Research 
(Российские биомедицинские исследования). 2023;8(2):64–77. 
DOI: 10.56871/RBR.2023.18.67.009.

3. Борисенок О.А., Бушма М.И., Басалай О.Н., Радковец А.Ю. 
Биологическая роль глутатиона. Медицинские новости. 
2019;7(298):3–8.

4. Кулинский В.И., Колесниченко Л.С. Система глутатиона. I. Син-
тез, транспорт, глутатионтрансферазы, глутатионпероксидазы. 
Биомедицинская химия. 2009;55(3):255–277.

5. Переверзев А.П., Романовский Р.Р., Шаталова Н.А. Остроумо-
ва О.Д. Инфламэйджинг: воспаление и оксидативный стресс 
как причина старения и развития когнитивных нарушений. Ме-
дицинский совет. 2021;(4):48–58.

6. Пилат Т.Л. Биологически активные вещества продуктов пита-
ния и их влияние на процесс детоксикации ксенобиотиков. В 
кн.: Пилат Т.Л., Кузьмина Л.П., Измерова Н.И. Детоксикацион-
ное питание. М.: ГЭОТАР-Медиа; 2012:112–143.

7. Толпыгина О.А. Роль глутатиона в системе антиоксидантной за-
щиты (Обзор). Бюллетень ВСНЦ СО РАМН. 2012;2(84,Ч.2):178–
180.

8. Хайцев Н.В., Васильев А.Г., Трашков А.П., Кравцова А.А., 
Балашов Л.Д. Влияние возраста и пола на характер ответ-
ных реакций белых крыс при действии хронической гипок-
сической гипоксии. Педиатр. 2015;6(2):71–77. DOI: 10.17816/
PED6271-77.

9. Allen J., Bradley R.D. Effects of oral glutathione supplementation on 
systemic oxidative stress biomarkers in human volunteers. J. Altern. 
Complement. Med. 2011;17:827–833.

10. Anderson M.E., Underwood M., Bridges R.J., Meister A. Glutathi-
one metabolism at the blood-cerebrospinal fluid barrier. FASEB J. 
1989;3(13):2527–31. DOI: 10.1096/fasebj.3.13.2572501. 

11. Asemi Z., Samimi M., Tabassi Z., Shakeri H., Sabihi S.S., Esmaill-
zadeh A. Effects of DASH diet on lipid profiles and biomarkers of 

oxidative stress in overweight and obese women with polycystic ovary 
syndrome: A randomized clinical trial. Nutrition. 2014;30:1287–1293.

12. Asemi Z., Samimi M., Tabassi Z., Sabihi S.S., Esmaillzadeh A. A 
randomized controlled clinical trial investigating the effect of DASH 
diet on insulin resistance, inflammation, and oxidative stress in ges-
tational diabetes. Nutrition. 2013;29:619–624. 

13. Averill-Bates D. The antioxidant glutathione. Vitam Horm. 
2023;121:109–141.

14. Bajic V.P., Van Neste C., Obradovic M., Zafirovic S., Radak D., Ba-
jic V.B., Essack M., Isenovic E.R. Glutathione “Redox Homeostasis” 
and Its Relation to Cardiovascular Disease. Oxid Med Cell Longev. 
2019;2019:5028181. DOI: 10.1155/2019/5028181.

15. Ballatori N., Krance S.M., Marchan R., Hammond C.L. Plasma 
membrane glutathione transporters and their roles in cell physiology 
and pathophysiology. Mol Aspects Med. 2009;30(1-2):13–28.

16. Ballatori N., Truong A.T., Ma A.K., Boyer J.L. Determinants of gluta-
thione efflux and biliary GSH/GSSG ratio in perfused rat liver. Am J 
Physiol. 1989;256:482–490. 

17. Bennani-Baiti B., Toegel S., Viernstein H., Urban E., Noe C.R., 
Bennani-Baiti I. MInflammation modulates RLIP76/RALBP1 elec-
trophile-glutathione conjugate transporter and housekeeping 
genes in human blood–brain barrier endothelial cells. PLoS One. 
2015;10(9):e0139101.

18. Bettermann E.L., Hartman T.J., Easley K.A., Ferranti E.P., 
Jones D.P., Quyyumi A.A., Vaccarino V., Ziegler T.R., Alvarez J.A. 
Higher Mediterranean Diet Quality Scores and Lower Body Mass 
Index Are Associated with a Less-Oxidized Plasma Glutathione and 
Cysteine Redox Status in Adults. J. Nutr. 2018;148:245–253.

19. Biolo G., Antonione R., De M. Glutathione metabolism in sepsis. 
Review Crit Care Med. 2007;35(9 Suppl):S591–5.

20. Bjørklund G., Peana M., Maes M., Dadar M., Severin B. The glutath-
ione system in Parkinson's disease and its progression.  Neurosci 
Biobehav Rev. 2021;120:470–478.

21. Bjørklund G., Tinkov A.A., Hosnedlová B., Kizek R., Ajsuvako-
va O.P., Chirumbolo S., Skalnaya M.G., Peana M., Dadar M., El-An-
sary A., Qasem H., Adams J.B., Aaseth J., Skalny A.V. The role of 
glutathione redox imbalance in autism spectrum disorder: A review. 
Free Radic Biol Med. 2020;160:149–162. DOI: 10.1016/j.freerad-
biomed.2020.07.017.

22. Campolo J., Bernardi S., Cozzi L., Rocchiccioli S., Dellanoce C., 
Cecchettini A., Tonini A., Parolini M., De Chiara B., Micheloni G. 
et al. Medium-term effect of sublingual l-glutathione supplementa-
tion on flow-mediated dilation in subjects with cardiovascular risk 
factors. Nutrition. 2017;38:41–47.

23. Cao J.Y., Dixon S. J Mechanisms of ferroptosis. Cell. Mol. Life Sci., 
2016;73:2195–2209.

24. Connor M.J., Wheeler L.A. Depletion of cutaneous glutathione by 
ultraviolet radiation. Photochem Photobiol. 1987;46(2):239–45.

25. Conrad M., Kagan V.E., Bayir H., Pagnussat G.C., Head B. et. al. 
Regulation of lipid peroxidation and ferroptosis in diverse species. 
Genes Dev. 2018;32:602–619.



LECTURES94

 RUSSIAN BIOMEDICAL RESEARCH VOL 9   N 2   2024 ISSN 2658-6584

26. Dai J., Jones D.P., Goldberg J., Ziegler T.R., Bostick R.M., Wil-
son P.W., Manatunga A.K., Shallenberger L., Jones L., Vaccarino V. 
Association between adherence to the Mediterranean diet and oxi-
dative stress. Am J Clin Nutr. 2008;88:1364–1370.

27. Dixon S.J., Lemberg K.M., Lamprecht M.R., Skouta R., Zaitsev EM. 
et al. Ferroptosis: An Iron-Dependent Form of Nonapoptotic. Cell 
Death. Cell. 2012;149:1060–1072.

28. Franco R., Panayiotidis M.I., Cidlowski J.A. Glutathione depletion 
is necessary for apoptosis in lymphoid cells independent of reac-
tive oxygen species formation. J Biol Chem. 2007;282(42):30452–
30465. DOI: 10.1074/jbc.M703091200.

29. Furukawa T., Meydani S.N., Blumberg J.B. Reversal of age-associ-
ated decline in immune responsiveness by dietary glutathione sup-
plementation in mice. Mech. Ageing Dev. 1987;38:107–117.

30. García-Giménez J.L., Markovic J., Dasí F., Queval G., Schnau-
belt D., Foyer C.H. et al. Nuclear glutathione. Biochim Biophys Acta. 
2013;1830:3304–16. 10.1016/j.bbagen.2012.10.005.

31. Genestra M. Oxyl radicals, redox-sensitive signaling cascades and 
antioxidants. Cell Signal. 2007;19:1807–1819.

32. Gould R., Pazdro R. Impact of Supplementary Amino Acids, Micro-
nutrients, and Overall Diet on Glutathione Homeostasis. Nutrients. 
2019;11(5):1056.

33. Haldar S., Rowland I.R., Barnett Y.A., Bradbury I., Robson P.J., 
Powell J., Fletcher J. Influence of habitual diet on antioxidant status: 
A study in a population of vegetarians and omnivores. Eur. J. Clin. 
Nutr. 2007;61:1011–1022.

34. Kahleova H., Matoulek M., Malinska H., Oliyarnik O., Kazdova L., 
Neskudla T., Skoch A., Hajek M., Hill M., Kahle M. et al. Vegetarian 
diet improves insulin resistance and oxidative stress markers more 
than conventional diet in subjects with Type 2 diabetes. Diabet. 
Med. 2011; 28:549–559.

35. Khan M., Yi F., Rasul A. et al. Alantolactone induces apoptosis in glio-
blastoma cells via GSH depletion, ROS generation, and mitochondrial 
dysfunction. IUBMB life. 2012;64(9):783–794. DOI: 10.1002/iub.1068.

36. Khanfar A., Qaroot B.A. Could glutathione depletion be the Tro-
jan horse of COVID-19 mortality? Eur Rev Med Pharmacol Sci., 
2020;24(23):12500–12509.

37. Kim M.K., Cho S.W., Park Y.K. Long-term vegetarians have low 
oxidative stress, body fat, and cholesterol levels. Nutr. Res. Pract. 
2012;6:155–161.

38. Kim S.J., Han D., Ahn B.H., Rhee J.S. Effect of glutathione, catechin, 
and epicatechin on the survival of Drosophila melanogaster under 
paraquat treatment. Biosci. Biotechnol. Biochem. 1997;61:225–229. 

39. Krajcovicova-Kudlackova M., Simoncic R., Bederova A., Brtkova A., 
Magalova T., Bartekova S. Alternative nutrition and glutathione le-
vels. Casopis Lekaru Ceskych. 1999;138:528–531.

40. Kumar P., Liu C., Hsu J.W., Chacko S., Minard C., Jahoor F., 
Sekhar R.V. Glycine and N-acetylcysteine (GlyNAC) supplementa-
tion in older adults improves glutathione deficiency, oxidative stress, 
mitochondrial dysfunction, inflammation, insulin resistance, endo-
thelial dysfunction, genotoxicity, muscle strength, and cognition: 

Results of a pilot clinical trial. Clin Transl Med. 2021;11(3):e372. 
DOI: 10.1002/ctm2.372.

41. Kuppner M.C., Scharner A., Milani V. et al. Ifosfamide impairs the 
allostimulatory capacity of human dendritic cells by intracellular glu-
tathione depletion. Blood. 2003;102(10):3668–3674.

42. Labarrere C.A., Kassab G.S. Glutathione: A Samsonian life-sustain-
ing small molecule that protects against oxidative stress, ageing 
and damaging inflammation. Front Nutr. 2022;9:1007816. DOI: 
10.3389/fnut.2022.1007816.

43. Lee S., Lee J., Lee H., Sung J. J. Relative protective activities of 
quercetin, quercetin-3-glucoside, and rutin in alcohol-induced liver 
injury. Food Biochem., 2019;43(11):e13002. DOI: 10.1111/jfbc.13002.

44. Lei G.-S., Zhang C., Cheng B.-H., Lee C.-H. Mechanisms of Action 
of Vitamin D as Supplemental Therapy for Pneumocystis Pneumo-
nia.  Antimicrob Agents Chemother. 2017;61(10).

45. Li L., Zhang G.F., Lee K., Lopez R., Previs S.F., Willard B., Mc-
Cullough A., Kasumov T. A Western diet induced NAFLD in LDLR(-/)
(-) mice is associated with reduced hepatic glutathione synthesis. 
Free Radic Biol. Med. 2016;96:13–21.

46. Lim J.C., Grey A.C., Zahraei A., Donaldson P.J. Age-dependent 
changes in glutathione metabolism pathways in the lens: New insights 
into therapeutic strategies to prevent cataract formation-A review. Clin 
Exp Ophthalmol. 2020;48(8):1031–1042. DOI: 10.1111/ceo.13801.

47. Meister A. Glutathione, ascorbate and cellular protection. Cancer 
Res. 1994;54:1969S–1975S.

48. Meister A. On the discovery of glutathione. Trends Biochem Sci. 
1988;13(5):185–8. DOI: 10.1016/0968-0004(88)90148-x.

49. Minich D.M., Brown B.I. A Review of Dietary (Phyto)Nutrients for 
Glutathione Support. Nutrients. 2019;11(9):2073. DOI: 10.3390/
nu11092073.

50. Moine L., Rivoira M., Díaz de Barboza G., Pérez A., Tolosa de Tala-
moni N. Glutathione depleting drugs, antioxidants and intestinal cal-
cium absorption. World J Gastroenterol. 2018;24(44):4979–4988. 
DOI: 10.3748/wjg.v24.i44.4979.

51. Nguyen D., Samson S.L., Reddy V.T., Gonzalez E.V., Sekhar R.V. 
Impaired mitochondrial fatty acid oxidation and insulin resis-
tance in aging: novel protective role of glutathione. Aging Cell. 
2013;12(3):415–425.

52. Nie T., Zou W., Meng Z., Wang L., Ying T., Cai X., Wu J., Zheng Y., 
Hu B. Bioactive Iridium Nanoclusters with Glutathione Depletion 
Ability for Enhanced Sonodynamic-Triggered Ferroptosis-Like Can-
cer Cell Death. Adv Mater. 2022;34(45).

53. Oestreicher J., Morgan B. Glutathione: subcellular distribution and 
membrane transport. Biochem Cell Biol. 2019;97(3):270–289. DOI: 
10.1139/bcb-2018-0189.

54. Oliver J.M., Albertini D.F., Berlin R.D. Effects of glutathione-oxidizing 
agents on microtubule assembly and microtubule-dependent surface 
properties of human neutrophils. J Cell Biol. 1976;71(3):921–932.

55. Pallardó F.V., Markovic J., García J.L., Viña J. Role of nuclear 
glutathione as a key regulator of cell proliferation. Mol Asp Med. 
2009;30:77–85.



ЛЕКЦИИ 95

 РОССИЙСКИЕ БИОМЕДИЦИНСКИЕ ИССЛЕДОВАНИЯ  ТОМ 9   № 2   2024 eISSN 2658-6576

56. Poornima K., Cariappa M., Asha K., Kedilaya H.P., Nandini M. Oxi-
dant and antioxidant status in vegetarians and fish eaters. Indian J 
Clin Biochem. 2003;18:197–205.

57. Razavi Zade M., Telkabadi M.H., Bahmani F., Salehi B., Farshbaf S., 
Asemi Z. The effects of DASH diet on weight loss and metabolic 
status in adults with non-alcoholic fatty liver disease: A randomized 
clinical trial. Liver Int. 2016;36:563–571.

58. Richie J.P., Jr., Nichenametla S., Neidig W., Calcagnotto A., Ha-
ley J.S., Schell T.D., Muscat J.E. Randomized controlled trial of oral 
glutathione supplementation on body stores of glutathione. Eur. J. 
Nutr. 2015;54:251–263. DOI: 10.1007/s00394-014-0706-z.

59. Sekhar R.V., Patel S.G., Guthikonda A.P., Reid M., Balasubra-
manyam A., Taffet G.E., Jahoor F. Deficient synthesis of glutathione 
underlies oxidative stress in aging and can be corrected by dietary 
cysteine and glycine supplementation. Am J Clin Nutr. 2011;94:847–
853. DOI: 10.3945/ajcn.110.003483.

60. Schwartz J.L., Shklar G. Glutathione inhibits experimental oral 
carcinogenesis, p53 expression, and angiogenesis. Nutr Cancer. 
1996;26:229–236.

61. Schmitt B., Vicenzi M., Garrel C., Denisb F.M. Effects of N-ace-
tylcysteine, oral glutathione (GSH) and a novel sublingual form of 
GSH on oxidative stress markers: A comparative crossover study. 
Redox Biol. 2015;6:198–205.

62. Sengupta R., Coppo L., Mishra P., Holmgren A. Glutathione- 
glutaredoxin is an efficient electron donor system for ma-
mmalian p53R2-R1-dependent ribonucleotide reductase. J 

Biol Chem. 2019;294(34):12708–12716. DOI: 10.1074/jbc.
RA119.008752.

63. Shimizu H., Kiyohara Y., Kato I., Kitazono T., Tanizaki Y., Kubo M., 
Ueno H., Ibayashi S., Fujishima M., Iida M. Relationship between 
plasma glutathione levels and cardiovascular disease in a defined 
population: The Hisayama study. Stroke. 2004;35:2072–2077.

64. Short S., Merkel B.J., Caffrey R., McCoy K.L. Defective antigen pro-
cessing correlates with a low level of intracellular glutathione. Eur J 
Immunol. 1996;26(12):3015–3020.

65. Sido B., Braunstein J., Breitkreutz R., Herfarth C., Meuer S.C. Thi-
ol-mediated redox regulation of intestinal lamina propria T lympho-
cytes. J Exp Med. 2000;192(6):907–912.

66. Silvagno F., Vernone A., Pescarmona G.P. The role of glutath-
ione in protecting against the severe inflammatory response 
triggered by COVID-19. Antioxidants. 2020;9:624. DOI: 10.3390/
antiox9070624.

67. Stewart A.N., Glaser E.P., Mott C.A., Bailey W.M., Sullivan P.G., 
Patel S.P., Gensel J.C. Advanced Age and Neurotrauma Diminish 
Glutathione and Impair Antioxidant Defense after Spinal Cord Injury. 
J Neurotrauma. 2022;39(15-16):1075–1089.

68. Su Z., Yang Z., Xu Y., Chen Y., Yu Q. Apoptosis, autophagy, necro-
ptosis, and cancer metastasis. Molecular Cancer. 2015;14(1):48. 
DOI: 10.1186/s12943-015-0321-5.

69. Witschi A., Reddy S., Stofer B., Lauterburg B.H. The systemic 
avai lability of oral glutathione. Eur. J. Clin. Pharmacol. 1992;43:667–
669.


