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PHYSIOLOGICAL ROLE OF GLUTATHIONE IN THE HUMAN BODY (LECTURE)
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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, detoxification, glutathione transferase, glutathione
transporters, disease prevention
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Pestome. TpI/II'IeI'ITVI,D, rMyTaTUoOH — HebonbLias TonbHas Monekyna, 3awuiiawan opraHin3m OT akTUBHbIX q30pM
Kucnopopga, CtapeHnud, BO3JEMCTBNS KCEHOOMOTMKOB, pas3pywmTenbHOro BoCnaneHusa, pasinnyHbix d)OpM KNeTOYHOM
CMEPTU, MHOTUX 3abonesaHun, ABNAKLWKMXCA BeAyLWMMN Npu4nHamMmm CMePTHOCTU BO BCEM MUpE. rJ'IyTaTI/IOH Cco-
[EPXUTCA BO BCEX XKMBOTHbIX KNETKaXx, obecneynBasi onTumarnbHoe d)yHKLl'MOHI/IpOBaHI/Ie B yCnoBuaAx BO3[ENCTBUS
pasfin4HbIX He6J'IaFOI'IpI/IﬂTHbIX (baKTODOB BHELLHe cpenbl. B nexynn paccMaTpuBarTCA CTPOEHUE U CUHTES Ty TaTh-
OHa B OpraHun3me, ero Kno4yesas posnb B q30pMI/1pOBaHI/II/I aHTUOKCMOAHTHON 3aluThbl, B obecneveHnu OETOKCMKaLnn
3K30reHHbIX U 3HAOTeHHbIX KCEHOOUOTMKOB. O6cy>KuaeTcg y4acTtue CUCTEMbI rMyTaThoHa B NPOTEKaHMK NpoLeccoB
BPOXAEHHOIo U npmo6peTeHHoro MMMYHUTETQ, 3aI'Ip0FpaMMVIpOBaHHOl7I KNeTouYHOM CMepTn, B nponvlcbepaLlel KNeToK,
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B npoueccax penapauumn u cuHtesa [HK. MNMpuoantcs nepeyeHb hakTopos, KOTOpble CNOCOOHbI MCTOLATh CUCTEMY
rnyTaTMoHa, YTO CONPOBOXAAETCH CHUKEHUEM PE3ePBHbLIX BO3MOXHOCTEN KNeTku, BNnoTb 4o rnbenu. ObeyxaaeTtcs
CoLEepXXaHue rnyTaTnoHa B NpoayKTax NUTaHus 1 BO3MOXHOCTW TpaHCMNOpTa ero BO BHYTPEHHIOK Cpeay U3 MULLM.
PaccmaTtpuBaloTCcs U3MEHEHWs CoaepXaHus rnyTaToHa Npy pasnnuyHbix cnocobax ero BBe4eHWS B opraHuam. ABTOp
cTaBwn nepeg cobon 3agavy nokasatb YuTaTesno MHoroobpasme hmsnoNorniecknx acnekToB Ponu rmyTaToHa, Aatb
L|eNI0CTHYI0 KapTUHY 3HAYUMOCTY 3TOI MONEKYNbI 415 OpraHM3Ma, NPoAEMOHCTPUPOBATL BaXXHOCTb N BO3MOXHOCTb

I'IpOCbVIJ'IaKTVIKVI NCTOLLEHMA CUCTEMbI TNYTATUOHA.

KntoyeBble cnoBa: rMyTaTUOH, aHTUOKCUAAHT, MMyTaTUOHNEPOKCNAa3a, AETOKCUKaLKA, rnyTaTMOHTpchqaepa3a,

TpaHcnopTepbl FMyTaTMoHa, NpodunakT1ka 3abonesaHui

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 important factor in the development of aging, Alzhei-
mer’s disease, Parkinson’s disease, autism, schizophrenia,
cataract, macular 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-

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 bodly.

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: 2GSH —
GSSG + 2He. 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 + NADP-H + H, —
2GSH + NADP-H,.

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, glutathione
plays a key role, carrying out the reduction of oxidized
ascorbic acid and tocopherol [47].
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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 levels,
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,
reactive 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 xenabiotics 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-glutathione 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 physical
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
glutathione (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 nmollg, respectively, vegetables (cauliflower, broccoli, to-
matoes, carrots, cucumbers, etc.) — an average of 200 nmo-
I/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 glutathione and
substances that inactivate it. The authors note that fresh
fruits and vegetables generally contain more glutathione
than GRU, although the amount of glutathione varies 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
synthesized 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
synthesized 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 y-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 secondary
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 y-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 demonstrated 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 containing
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 possible
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.
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AONONMHUTENBHAA UHOOPMALINA

ABTOp npounTan u ogobpun guHanbHyl BEpCUo ne-
pea nybnukaymnen.

KoHnukT uHTepecoB. ABTOp [eKnapupyeT OTCyTCT-
BYE SIBHbIX W NOTEHLMANbHbIX KOHPMMKTOB MHTEPECOB, CBSI-
3aHHbIX ¢ Nybrmkaumen HacTosILLEen CTaTbi.

WUcTounuk ¢hmHaHcupoBaHuA. ABTop 3asBnseT o6
OTCYTCTBUM BHELUHEr0 (PUHAHCMPOBAHUSA NP NPOBELEHUM
“ccneaoBaHms.
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