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HbIE cocTaBisitonue. Jliis Kak10ro u3 HUX pacyuTaH % BbIXoaa
II0 OTHOUICHHUIO K CyXOMY ChIpblo. KauecTBeHHO OOHapy KeHbI
BXOJISIIIME B HUX KJAcChl TUIHUI0B. OneHeHbl (GU3HNKO-XUMHUYe-
CKHe TIoKa3areid. MeTtomamu ra3oBoi xpomarorpapuu U mMacc-
CHEKTPOMETPHUU IIPOBEJCHA KAaueCTBEHHAs U KOIWYECTBCHHAsS
UICHTHUKALMS COACPKAIIMXCS B HEWTPAIBHBIX JIMIKAAX
HEHACBIIICHHBIX U HACBIIICHHBIX )XUPHBIX KUCJIOT M UX IPO-
LIEHTHBII cocTaB. B cymMMax MOJSPHBIX JIMIMIOB KadeCTBEHHO
UICHTH(OUIMPOBAHBI ¥ KOJMYECTBEHHO OLCHEHBI BXOJSIINE B

ux cocraB dochonumnuasl. [lokazaHO HAIUYHEC KApPOTHHOHIOB
¥ AMUHOKHCJIOT.

CoracHO MOJNYYEHHBIM JAHHBIM, JIMIUAHbBINA cocTaB (Hermo-
JISIPHBIE, MTOJSIPHBIE KOMIIOHEHTHI) HCCIIEI0BAHHBIX Maces CO-
JEPKUT 3HAYMTEIbHBIN PsiJi OMOIOTHYECKU AKTUBHBIX KOMIIO-
HEHTOB, Y4TO MPUAACT UCCICAYSMBIM MaciaM ONpeeIEHHYIO
IIEHHOCTb B BOIPOCax (hapMaKoIOTHUECKOH KOHKYPEHTHOCTH
M HYKJAeTCs B JaJbHEHIINX HAyYHO-NPAKTHUCCKUX HCCIIe-
JIOBAHUAX.
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Currently, synthetic food additives are considered the most
hazardous since they are xenobiotics that are unusual for the hu-
man body from the time of its evolutionary development and,
therefore, it lacks enzymes that can convert them into non-toxic
metabolites [1].

Monosodium glutamate (E621) is widely used in the market-
ing as a taste enhancer and is added to many processed foods.
Monosodium glutamate, added to food products (< 10 g/kg),
enhances their natural flavor that weakened in the course of pro-
cessing and storage, and disguises certain negative components
of the flavor and smell. Currently, about 50% of on-the-shelf
products contain the above additive, with the average daily hu-
man consumption of about 0.3-1.0 g in European highly devel-
oped countries [2]. Although food safety regulatory authority
considers the consumption of monosodium glutamate to be safe,
some preclinical and clinical studies have questioned its safety,
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especially after chronic exposure. The controversy is probably
caused by the involvement of endogenous glutamate in both
physiological and pathological processes [3].

The Joint FAO/WHO Expert Committee on Food Additives
(JECFA), the US Food and Drug Administration (FDA) and the
European Food Safety Association (EFSA) considered monoso-
dium glutamate to be a safe substance (GRAS). The food addi-
tive is included in the GRAS list if it was widely used in food
products before 1958 (approval is based on the experience) or
when its safety has been confirmed by scientific toxicological
reports based on expected food consumption. However, cur-
rently, some authors state that the GRAS inclusion criteria, both
for science-based and experience-based procedures, need to be
updated based on the events conducted in toxicity testing [4].

Currently, the European Commission is considering the revi-
sion of the current standards for toxic elements in the EU speci-
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fications for monosodium glutamate (E621) to ensure that they
are not a significant source of exposure to the toxic elements in
food, particularly in the food categories most conducive to over-
all exposure to glutamic acid and its salts: small bakery prod-
ucts, soups and broths, sauces, meat and meat products, spices
and food additives [5].

The paper was aimed at the analysis of the literature data on
the effect of monosodium glutamate on various organs and sys-
tems of the human body.

Material and methods. In the course of research, the follow-
ing techniques have been used: bibliosemantic method for the
analysis of scientific publications. The paper provides assess-
ment of 40 literary sources. Particular attention is paid to sourc-
es over the last 5 years (2016-2021), but some earlier publica-
tions that have not lost their relevance are also included in the
review. The sources were taken from scientific metric databases
Scopus, Web of Science, PubMed, Medline, Google Scholar and
the portal of scientific periodicals of V.I. Vernadsky National Li-
brary of Ukraine.

Results and discussion. Monosodium glutamate (MSG) or
E621 is a widely used flavor enhancer and salt substitute derived
from L-glutamic acid, an amino acid of natural origin found in
various foods. Common synonyms for sodium glutamate are
Monosodium L-glutamate monohydrate; sodium glutamate
monohydrate; L-glutamic acid, sodium salt, monohydrate (1: 1:
1); L-glutamic acid monosodium salt monohydrate, Natrium-
glutaminat, Glutamate sodium, Sodium L-glutamate. MSG was
discovered by Rithhausen in 1866. The stimulating effect of L-
glutamic acid was studied in the 50s of the last century, though
only in the 70s it was proven to be excitatory mediator for the
CNS of vertebrates [6].

MSG has a special umami taste, which was initially consid-
ered the predominant taste in Asia, and then in Western cultures.
This molecule was identified about 100 years ago by Kikunae
Ikeda as the fifth main taste, apart from sweet, sour, salty and
bitter [7]. MSG is found in foods high in protein, such as meat or
fish, as well as in some types of cheese (Roquefort and Parme-
san) or vegetables (tomatoes, mushrooms, broccoli). In addition
to its main specificity, the umami taste can enhance the overall
flavor intensity and improve the food taste. This effect depends
on many factors, the most important of which are the concentra-
tion of the umami molecule and the food matrix [8].

In recent years, many scientific studies have been conducted
to study several effects that affect the umami mechanism, which
is detected and enhanced by certain concentrations of MSG and
umami compounds [9]. Previous behavioral studies have shown
that L-glutamate, an umami substance, is found in the intestine
and glutamate-related information is transmitted from the intes-
tine to the tonsils and lateral hypothalamus (LH) through the
vagus nerve to establish predominance of glutamate [10]. There
is a complex bidirectional communication system between the
gastrointestinal tract and the brain. Originally called the “intes-
tinal-brain axis”, it has been currently renamed to “microbiota-
intestinal-brain axis”, given the key role of the intestinal micro-
biota in regulation of the local and systemic homeostasis [11].
This explains the physiological role of the dietary signal of glu-
tamate through the intestine and brain axis due to efficient diges-
tion and absorption through the innervation of the duodenum by
vagus nerve [12].

There is a concept of monosodium glutamate dependence.
For an individual who often uses the taste enhancer, regular
food seems to be “flat” and tasteless. Over time, lingual taste
buds fail to percept a variety of tastes. The observed effect of
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monosodium glutamate deprivation may indicate the formation
of a pathological urge to consume it [13]. It is not surprising that
monosodium glutamate is called a contemporary legal drug [14].
Sociological consumer survey reports that 53% of respondents have
no idea what kind of substance it is, 16% never thought about its
harmfulness, and 31% who have long known it, do not look at the
composition and disregard its content in food products [15].

Currently, no reliable data, showing at what doses and under
what conditions monosodium glutamate, consumed regularly, is
harmful to health, have been found. There are studies showing
that consumption of 3 g/day monosodium glutamate is already
harmful to human health. According to the updated food safety
information on monosodium L-glutamate, high quality mono-
sodium glutamate is safe at all stages of the life cycle, regard-
less of the ethnicity or culinary preferences. MSG researchers
are encouraged to use appropriate scientific methodologies, to
consider the glutamate metabolism and its normal consumption
in food before extrapolating pharmacological studies in rodents
to humans [16]. The investigations report that daily administra-
tion of monosodium glutamate to rats, even in safe human health
doses (15 and 30 mg/kg, corresponding to 1 and 2 g per average
person) has a toxic effect [14, 17].

In addition to the well-known effect on the food flavor, glu-
tamate performs various physiological functions: monosodium
glutamate enhances saliva secretion and disrupts carbohydrate
metabolism, as well as affects the feeling of satiety and recovery
after eating [18]. It is the main substrate for energy production in
enterocytes, an intermediate in protein metabolism, a precursor of
the essential metabolites such as glutathione (GSH, oxidative stress
modulator) or N-acetylglutamate (regulator of metabolism), and
excites the central nervous system neurotransmitter [19].

After oral administration, glutamate is oxidized in entero-
cytes in the small intestine [20]. Subsequently, only a very small
amount of it is detected in the portal blood and, most likely, this
is due to glutamine catabolism as a result of glutaminase activity
in the intestine, rather than the absorption of dietary glutamate
[21]. After oxidation, glutamate is further converted to other
amino acids or used as a precursor for the synthesis of various
bioactive compounds [22].

Consumption of monosodium glutamate also correlates with
changes in the homeostasis of antioxidant protection, secondary to
the loss of integrity and functionality of neuronal membranes, with
increased nonspecific permeability for several ions and pathologi-
cal changes in the intracellular metabolic processes [23].

Monosodium glutamate in high doses has an unpleasant taste
and can cause discomfort in the gastrointestinal tract, indicating
its harmful effect and signaling to stop its consumption immedi-
ately [24]. As for the constant use in acceptable, almost imper-
ceptible doses, most researchers emphasize the prolonged effect
of monosodium glutamate in its long-time use, which leads to
the development of pathological effects [25]. It has been report-
ed about the significant changes in neuronal redox homeostasis
(increased levels of lipid peroxidation, nitrite concentrations,
decreased levels of antioxidants) and histology of hippocampal
neurons, along with increased levels of cholinesterase in the
brain and serum [26].

Studies have shown that excess monosodium glutamate can
provoke the development of hypertension and stroke, diabetes,
Alzheimer’s disease and the nervous system disorders. Studies
associate its consumption with neurotoxicity, cardiotoxicity,
fibrosis and neoplastic changes, liver and kidney dysfunction,
and metabolic and weight gain disorders [3, 27]. The following
behavioral and physiological changes were observed: increased
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aggression; decreased motor activity and loss of muscle strength
[28]. Diet with excess glutamate led to vision loss in rats caused
by acute neuronal degeneration of retinal ganglion cells and its
thinning [29].

Currently, more and more researchers are studying the ways
monosodium glutamate affects the physiology of the gastroin-
testinal tract. However, the mechanism of absorption and sub-
sequent transfer of dietary lipids into the lymph is unknown
to date. There is still little information on how the consumed
monosodium glutamate affects lipid lipolysis, absorption, in-
tracellular etherification, and chylomicron formation and secre-
tion. One of the studies has shown that monosodium glutamate
causes a significant decrease in the secretion of triglycerides and
cholesterol into the lymph of rats, which were administered with
2% monosodium glutamate solution. This is the first demonstra-
tion of the effect of monosodium glutamate on the lymphatic
transport of lipids in the intestine [30].

Most authors emphasize that the prolonged consumption of
the above food additive affects eating behavior, motility of the
gastrointestinal tract, the structure and functional state of the
stomach [31]. It also affects the body weight of rats, causes met-
abolic disorders and weight gain and leads to obesity [32]. Obe-
sity is also promoted by the ability of monosodium glutamate
to increase the distension of the antrum and the level of amino
acids in plasma, even after a standard meal [33].

The effect of long-term administration of monosodium gluta-
mate on the rats’ gastric mucosa and basal secretion of gastric juice
acid has also been demonstrated. It has been found that 10-, 20-,
30-day feeding of rats with monosodium glutamate at the doses of
15 to 30 mg/kg (equivalent to 1 and 2 g per person) leads to erosive
and ulcerative lesions of the gastric mucosa and increased secre-
tion of hydrochloric acid and weight gain. Excessive consumption
of monosodium glutamate can cause the “Chinese restaurant syn-
drome” and gastritis, gastric and duodenal ulcers [34].

The analysis of many literature sources revealed that in high
doses, monosodium glutamate has a local pathogenic effect on
gastric tissue, revealed by thinning of all layers of the gastric
wall, desquamation of the mucous membrane and its disorga-
nization by reducing the size of gastric glands, increasing the
number of vessels and their plethora. One of the mechanisms
of pathogenic effect of monosodium glutamate is the contact
local and free radical oxidizing effect on gastric tissues. It is
caused by the stimulating effect on parietal cells, i.e., systemic
consumption of monosodium glutamate pathologically exces-
sively increases the secretion of hydrochloric acid in the stom-
ach. Consequently, monosodium glutamate becomes a pathoge-
netic factor in the formation of erosive-ulcerative lesions in the
gastric mucosa and hyperphagia, which is the cause of obesity
[35]. In addition, the long-term administration of monosodium
glutamate is associated with a significant reduction and contrac-
tion of the rough endoplasmic reticulum in the epithelial cells of
the small intestine, which is also characteristic of obesity [36].
In turn, the functional deterioration of the adhesion structures
between the epithelial cells of the small intestine causes dys-
function of the gastrointestinal barrier, which leads to increased
intestinal permeability of blood vessels and, consequently, sys-
temic inflammation, characterized by macrophage infiltration.
Thus, in animals with chronic obesity, induced by administra-
tion of monosodium glutamate, numerous gaps between the epi-
thelial cells of the small intestine were found, and the levels of
both desmosomal and dense proteins were significantly lower in
the epithelial cells of the small intestine. Moreover, there was
a significant increase in the number of inflammatory intestinal
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cells, especially macrophages, and blood samples showed an in-
crease in markers of inflammation, tumor necrosis factor-alpha
and interleukin-1-beta [37].

It has been found that consumption of MSG for 1 month also
leads to structural reorganization of the mucous membrane of the
rats’ colon, disruption of mucus production by goblet cells due to
their hypertrophy and hyperplasia, increased content of sialo- and
fucoglycoproteins and decreased lysozyme activity [38].

Reports on the impact of monosodium glutamate on gastroin-
testinal motility are quite inconsistent. The umami taste amino
acid, glutamate, acts as a signaling molecule in many cellular
systems of the body, including the brain and gastrointestinal
tract. Consequently, glutamate, influencing the appetite, can
regulate the motility of the gastrointestinal tract, thus affect-
ing gastric emptying (promotes emptying) and peristalsis of the
duodenum [39].

The study of the impact of complex food additives (sodium
nitrite, monosodium glutamate and Ponceau 4R) on the adaptive
responses of rats, even at the doses twice less than the permis-
sible norm in food products, has established the effect on the
behavioral responses of experimental animals. The “open field”
test has shown that from the first week of observation, rats expe-
rienced increased anxiety, fear, blunting of adaptive responses,
decreased activity and disturbance of the emotional state, which
were intensified up to week 16 of the experiment. It is also be-
lieved that excessive intake of complex food additives is a direct
threat of stomach damage, namely, the development of peptic
ulcer disease, which is preceded by the development of acute
and chronic gastritis [40].

Conclusions. The study of the mechanisms of influence of
various food additives on the human body and animals is one
of the most pressing problems to date. Physicians, toxicologists,
physiologists are interested in the mechanisms of their toxic ef-
fect, as well as the study of compensatory-adaptive reactions in
response to entry into the body.

The analysis of the publications has shown that the views
on the effect of monosodium glutamate on the human body are
quite contradictory: from the complete safety of the above addi-
tive to the confirmation of its negative effect on various organs
and systems.

The present scientific literature review proves the importance
of further study of the food additives and their effect to develop
a scientifically grounded strategy to increase tolerance of hu-
mans and animals to xenobiotics by activating genetically fixed
mechanisms, as well as by creating new perfect adaptogens.
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SUMMARY

MONOSODIUM GLUTAMATE (E621) AND ITS EFFECT
ON THE GASTROINTESTINAL ORGANS (REVIEW)

Yachmin A., Yeroshenko G., Shevchenko K., Perederii N.,
Ryabushko O.

Ukrainian Medical Stomatological Academy, Poltava, Ukraine

The study of the mechanisms of the effect of various food
additives on the human and animal organism is one of the most
pressing problems today. The work of physicians, toxicologists,
physiologists is aimed at studying the mechanisms of the toxic
effect of food additives, as well as studying compensatory-
adaptive reactions in response to their ingestion. Monosodium
glutamate (E621) is widely used in marketing as a flavor en-
hancer and is added to many processed foods. Today, about 50%
of store products contain this additive, while the average daily
human consumption in industrialized European countries is ap-
proximately 0.3-1.0 g.

The purpose of this work is to analyze the literature data on
the effect of monosodium glutamate on various organs and sys-
tems of the human body. The research used the bibliosemantic
method of analyzing scientific publications. The article assesses
40 literary sources. Special attention is paid to the sources for
the last 5 years (2016-2021).

This review of the scientific literature proves the importance
of further study of food additives and their effect for the de-
velopment of a scientifically based strategy for increasing the
tolerance of humans and animals to xenobiotics by activating
genetically fixed mechanisms, as well as by creating new perfect
adaptogens.
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PE3IOME

LIYTAMAT HATPHUS (E621) M ET'O BJHMSHUE HA
OPTAHBI JKEJIYIOYHO-KMIIEYHOI'O TPAKTA (OB-
30P)

SAumunb A.U., Epomienxo I'A., llleBuenko K.B.,
Hepenepuii H.A., Padymxko E.b.

Tlonmasckuii 2ocyoapcmeentulll. MeOUYyUuHCKUll yHusepcumen,
Vrpauna

VI3yueHre MEXaHW3MOB BO3CHCTBUS PA3MYHBIX MHIIEBBIX
N100aBOK Ha OpPraHW3M YEJIOBEKA M JKMBOTHBIX - aKTyaJlbHas
mpodieMa COBpeMEeHHOCTH. PaboTa MeIHWKOB, TOKCHKOJIOTOB,
(U3MONIOTOB HAalpaBlieHa Ha M3YYeHHE MEXaHW3MOB TOKCHYE-
CKOTO JICHCTBHS MHUIIEBBIX J00ABOK U U3y4YCHHE KOMIIEHCATOP-
HO-TIPHCIIOCOOUTENBHBIX PEaKIMil B OTBET Ha MOMaJaHUe UX B
opranusM. [myramar Harpust (E621) mmpoko ucmons3yercs B
MapKeTHHIC KaK yCHJIMTENb BKyca M JI00aBISIETCS BO MHOTHUE
oOpaboTaHHbIe NHIIEBbIC TPOAYKTH. Ha ceromHsiHui neHb
oko0 50% Mara3uHHBIX TPOTYKTOB COAEpKAaT 3Ty J00aBKY.
CpenHsist AHEBHAS HOpPMa MOTPEOICHNUS TITyTaMaTa HaTPHs B €B-
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POTEHCKUX MPOMBILIIEHHO Pa3BUTHIX CTPAHAX COCTABIISIET MPH-
mepho 0,3-1,0 .

Llesnb nccnenoBanus - aHaIU3 JIUTEPATYPHBIX JTaHHBIX O BIIU-
SHUU DIyTamMaTa HaTpHUs Ha Pa3jIMYHble OPraHbl U CHUCTEMBI
opraHM3Ma 4ejoBeka. B Xoje wuccienoBaHusl MCIOJIb30BaICA
OMOIMOCEMAaHTHYECKHII METO/I aHAIM3a HAyYHBIX ITyOIHKaLMi.
B crarbe npezncraBnena ouenka 40 qurepaTypHbIX HCTOYHUKOB.
Oco60e BHUMaHUE YICIACTCS HCTOYHUKAM 3a TTOCIICIHUE 5 JIeT
(2016-2021 rr.).

Hacrosinumit 0630p Hay4HOI! UTepaTyphl J0Ka3bIBAaeT 3HAYH-
MOCTb TAJIbHCHIIICTO H3YyUCHHS MTHIICBBIX J00ABOK U UX BIINSHHS
JUTSE pa3pabOTKH HaydyHO 0OOCHOBAHHOW CTPATETUH MOBBIMICHNUS
TOJICPAHTHOCTH YEJIOBEKA U KUBOTHBIX K KCEHOOMOTUKAM ITy-
TEM aKTHBAI[MHM TCHETHUYCCKH (DUKCUPOBAHHBIX MEXaHHU3MOB U
CO3/1aHUS1 HOBBIX COBEPILEHHBIX aJalITOTCHOB.
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