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Abstract
Monosodium Glutamate (MSG) is one of the world’s most widely used food additives. Its toxic
effects have been shown in numerous animal studies, however in most of them, the method of
administration and the doses were not similar to human MSG intake. In this paper we review
animal and human studies in which MSG effects on central nervous system, adipose tissue and liver,
reproductive organs and other systems have been shown and we discuss their implications for
human MSG intake.
Keywords: Food additives, obesity, Chinese restaurant syndrome.
Introduction
Monosodium Glutamate (MSG) is one of the
world’s most extensively used food additives
which is ingested as part of commercially
processed foods. As a flavor enhancer, MSG
increases the sapidity of food. MSG produces
a flavor that cannot be provided by other
foods. It elicits a taste described in Japanese
as umami, which is translated to ‘‘savory’’
(Birks 2005). In 1991, the average intake of
MSG in United Kingdom was 580 mg/day for
general population individual and 4.68 g/day
for extreme users (Rhodes et al. 1991). The
estimated average daily MSG intake per
person in industrialized countries is 0.3–
1.0 g, but it depends on the MSG content in
foods and an individual’s taste preferences
(Geha et al. 2000). According to a joint
inquiry by the governments of Australia and

New Zealand in 2003, a typical Chinese
restaurant meal contains between 10 and
1500 mg of MSG per 100 g (Freeman 2006).
The oral dose that is lethal to 50% of subjects
(LD50) in rats and mice is 15.000–
18.000 mg/kg body weight (Walker and
Lupien 2000).
Studies providing the evidence of MSG toxic
effects have raised the increasing interest in
MSG intake as flavor enhancer. Neurotoxic
effects in brain, obesity and metabolic
defects, „Chinese restaurant syndrome“ and
detrimental effects on sex organs are the
most discussed in the connection with MSG
intake. We briefly review the studies about
MSG effects and its potential pathological
influence on different systems in humans.
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Central Nervous System
Glutamate is the excitatory neurotransmitter
in the mammalian central nervous system
(CNS) playing an important role in both
physiological and pathological processes
(Mattson 2008). Glutamate receptors include
three families of ionotropic receptors (NMDA
- N-methyl-D-aspartate, AMPA - α-amino-3hydroxy-5-methyl-4-isoxazolepropionic acid
and kainate) and three groups of
metabotropic receptors (mGluR) (Meldrum
2000). They are dispersed throughout the
central nervous system including amygdala,
hippocampus and hypothalamus where they
regulate many vital metabolic and autonomic
functions (Collison et al. 2012).
MSG is used as an agent which in high doses
causes neuronal necrosis in hypothalamic
arcuate nuclei in neonatal rats (Pelaez et al.
1999). However, MSG effects are more
extensive and not limited to hypothalamic
area. MSG (4 mg/g, subcutaneously, on postnatal days 1, 3, 5 and 7) led to prefrontal
cerebral cortex changes, including fewer
neurons, shorter and less ramified dendritic
processes (Gonzalez-Burgos et al. 2001) and
loss of cortical cell number from postnatal
day 8-14 compared to control rats (RiveraCervantes et al. 2004). The same dose of MSG
injected subcutaneouslyon days 2, 4, 6, 8, and
10 of postnatal life resulted in 30% and 40%
reduction of pituitary weight in ages of 6 and
12 months respectively (Miskowiak and
Partyka 2000). Pituitary weight affection
seems to be connected with its function
derangement.
Increased
proopiomelanocortin mRNA levels and
adrenocorticotropic hormone concentration
in the adenopituitary have been found in
neonatal MSG-treated rats compared with
controls (4 mg/g, 5 administrations
intraperitoneally) (Skultetyova et al. 1998).
Furthermore, numerous studies have shown
that neonates treated with MSG exhibited
neuronal cell death with reduction of
photoreceptor and glial cells (Blanks et al.
1981, Reif-Lehrer et al. 1975, Regan et al.
1981, Hyndman and Adler 1981).
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Although the toxic effects of MSG on the CNS
have been shown in previously mentioned
animal studies, there are problems to apply
these results` to human MSG intake.
Subcutaneous or intraperitoneal MSG
administration in rats can be hardly
compared with peroral intake of MSG.
FAO/WHO Expert Committee on Food
Additives (JECFA) in 1988 noted that blood
levels of glutamate associated with lesions of
the hypothalamus in the neonatal mouse
were not approached in humans even after
bolus doses of 10 g MSG in drinking water
(Meldrum 2000). No pathological changes in
the hypothalamic arcuate nuclei of pregnant
and lactating female rats and their fetuses,
sucklings, and weanling mice were observed
after MSG intake in diet (14.0, 42.8 or 42.0
g/kg) (Takasaki 1978). This can be explained
by the results of the study in pigs which has
shown that less than 5% of ingested
glutamate was absorbed from the gut into
the portal blood (Reeds et al. 1996).
However, contradictory results in different
brain areas have been found in male albino
rats fed by a lower dose of MSG (3 g/kg/day)
mixed with their foods for 14 days.
Histological examination of cerebellar cortex
showed degenerative changes as pyknotic
Purkinje and granule cells with areas of
degeneration surrounded by inflammatory
cells in granular layer (Hashem et al. 2012).
Inconsistency in above mentioned results
requires further research to elucidate the
mechanisms of MSG action in the CNS after
absorption in humans. Moreover, the
ingested glutamate effects on CNS must be
researched also in its connection with
signalling from the gastrointestinal tract. In
rats, activation of both the gastric and the
celiac branches of the vagus nerve led to the
activation of the insular cortex, limbic
system, hypothalamus and nucleus tractus
solitaries. Furthermore, as a result of
postingestive effects, MSG was able to induce
flavor-preference learning (Bannai and Torii
2013).
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The next important difference between
rodent and human MSG intake is a period of
life with regard to neuronal development. It
was suggested that MSG excitotoxicity occurs
only when the blood–brain barrier is
vulnerable, for example in neonates
(Matyskova et al. 2008). JECFA in 1988
suggested that ingestion of MSG was not
associated with elevated levels in maternal
milk and glutamate did not readily pass the
placental barrier (Walker and Lupien 2000).
Also the Consensus meeting in 2007 noted
that glutamate did not trespass into fetal
circulation, even in high doses (Beyreuther et
al. 2007). However, the opposite findings
have been shown in animal studies and the
glutamate neurotoxicity in newborns with
the behavioral effects rather than structural
or histological changes remains in question.
Kunming filial mice which mothers treated
with MSG (2.5 mg/g or 4.0 mg/g body
weight) per os in 17-21 days of pregnancy
had
significantly
impaired
Y-maze
discrimination learning in the 60.day,
although the neuronal damage of the
periventricular organs or the hypothalamus
was not observed (Yu et al. 1997). Moreover,
subneurotoxic doses of MSG (2 mg/g, for 10
days) given perorally to rat neonates led to
significant decrease in the active avoidance
learning performance at the 90thpost–dosing
day, which indicates that early-life MSG
exposure could lead to subtle behavioral
aberrations in adulthood (Ali et al. 2000).
One of the most important problems in the
application of the results of animal studies to
human dietary MSG effects are the
differences between doses administered to
animals and those ingested in food of a
human as a flavor enhancer. The lowest dose
in the previously mentioned studies was 2
g/kg of body weight that corresponds to an
ingestion of 140 g in a 70 kg man, while the
average daily intake of MSG is estimated to
be 0.3–1.0 g (Geha et al. 2000). Thus, further
animal studies focused on MSG effects on the
CNS in diet should equalize the doses to
human intake. Further research should be
done to elucidate the behavioral effects of
peroral intake of MSG in various doses and
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potentially different influence of MSG on
fetal, neonatal and adult brain structures in
humans.
Obesity and Metabolic Disturbances
Data from animal studies, in which neonatal
administration of MSG provides a model of
obesity with impaired glucose tolerance and
insulin resistance led to concerns about
obesity in humans using MSG in food. More
hypotheses have proposed the mechanisms
of MSG influence on metabolism. The
potential link between MSG and obesity
includes the MSG effect on energy balance by
increasing palatability of food and by
disrupting the hypothalamic signaling
cascade of leptin action (He et al. 2011,
Hermanussen and Tresguerres 2003). The
inflammatory basis of MSG-induced obesity
was demonstrated in the 19th weeks old rats
which were treated by subcutaneous
injections of 2 mg/g of MSG on postnatal
days 2 and 4 and by subcutaneous injections
of 4 mg/g on postnatal days 6, 8 and 10. MSG
increased mRNA expression of interleukin-6,
tumor necrosis factor-alpha, resistin and
leptin in visceral adipose tissue, it increased
insulin, resistin and leptin levels in serum
and it also impaired glucose tolerance
(Roman-Ramos et al. 2011). As liver
transaminases were severely depressed,
authors hypothesized that MSG could induce
liver injury likely as a consequence of
incipient
nonalcoholic
steatohepatitis,
contributing to inflammation (Roman-Ramos
et al. 2011). The associations of liver
alterations with adipose tissue metabolism in
nonalcoholic steatohepatitis after dietary
MSG have been also shown at 32 weeks of
age C57BL/6J mice which mothers were fed
by low-dose dietary monosodium glutamate
(0.64 g/l; 97 mg/kg) throughout gestation
and were weaned onto the same diet. MSG
increased the expression of several genes
implicated in adipocytes differentiation,
elevated serum free fatty acids, triglycerides,
insulin and bile synthesis (Collison et al.
2010b). Authors hypothesized that the
development of hepatic insulin resistance
could be the consequence of deregulation
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between liver and adipose tissue. In
accordance with these results are the
findings
of
elevated
aspartate
aminotransferase
and
alanine
aminotransferase in adult male Wistar rats
treated with 0.04 mg/kg and 0.08 mg/kg of
monosodium glutamate mixed with the
grower's mash for 42 days, with
degenerative changes on the liver and
dilatation of the central vein (Eweka et al.
2011).
Oxidative
stress
after
MSG
administration by a gavage at a dose of 0.6
mg/g for 10 days has been shown in the liver
of rats, in which MSG induced lipid
peroxidation, decreased reduced glutathione
level and increased activities of glutathiones-transferase, catalase and superoxide
dismutase (Onyema et al. 2006).
The studies indicated that MSG diet
influenced both hepatic and adipose tissue in
both adult (Onyema et al. 2006, RomanRamos et al. 2011) and progeny of female
rodents with great impact on offspring
metabolism (Afifi and Abbas 2011, Collison et
al. 2010b). Interesting finding is the higher
abdominal fat and fat body weight in spite of
lower daily energy intake and body weight in
the offsprings of MSG fed rats than in the
offsprings of high caloric chow fed rats (Afifi
and Abbas 2011). Similar results concerning
fat content/body weight ratio have been
observed in 30 days old rats injected with 4
g/kg of MSG within the first 10 days of life.
Higher adipocyte lipid content, cell diameter,
surface area and volume in spite of lower
body weight with the results in arrested
growth and obesity after MSG administration
compared to control rats have been found
(Dolnikoff et al. 2001).
The doses and administration of MSG to
rodents in other studies designed for obesity,
metabolism and liver disturbances research
(Collison et al. 2010b, Eweka et al. 2011) are
more similar to human MSG intake than in
studies focused on MSG effects on the CNS.
Animal studies` results could be the link to
potential mechanisms of MSG effects on
metabolism in humans, however the
substantial differences must be noted. The
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findings of higher body fat weight in spite of
lower body weight were not in accordance
with human studies in which MSG intake was
positively associated with BMI and incidence
of overweight in apparently healthy Chinese
adults (He et al. 2011). Although the
plausibility of the hypothesis of MSG intake
in connection with obesity has been
discussed (Bursey et al. 2011) and opposite
results have been previously found (Shi et al.
2010), the decreased body weight in mice
could be associated with the fact that mice
neonatally injected with MSG did not become
obese until puberty (Dolnikoff et al. 2001).
Thus, it is possible that MSG has different
effects on the function of adipose tissue in
immature individuals and adults.
The other important difference between the
outcomes of animal and human studies `are
the pathomechanisms potentially leading to
obesity. While obesity after MSG diet in rats
could be the result of leptin resistance
(Dolnikoff et al. 2001), in humans MSG could
lead to obesity due to the increase in the
intake of high caloric savory foods, in which
MSG enhances liking resulting in learning
reinforcement (Bannai and Torii 2013,
Yeomans et al. 2008). In accordance with this
hypothesis is the finding of a significant
increase of hunger and savory flavor soup
intake, even in the absence of MSG, which has
been observed in a group of volunteers
previously trained in four sessions where the
soup was consumed with added MSG
(Yeomans et al. 2008). However, the opposite
results including subjective assessments of
hunger have been shown in adults
supplemented for 6 days with a nutritional
dose of MSG (2 g/day). MSG did not affect
hunger and fullness of sensations, however it
significantly increased gastric distension for
2 hours following the meal. MSG intake was
also associated with increased levels of some
circulating amino acids (leucine, isoleucine,
valine, lysine, cysteine, alanine, tyrosine, and
tryptophan) compared with controls. No
changes in the postprandial glucose and
insulin were noted between MSG and NaClsupplemented meals used in controls (Boutry
et al. 2011), which is a significant difference
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from previously mentioned animal studies.
However the insulin response in 75 min
postprandially positively correlated with the
plasma glutamate concentration during the
oral glucose tolerance test, which indicates
that glutamate can participate in the insulin
response to nutrients during food intake
(Chevassus et al. 2002). The MSG influence
on insulin release in humans should be also
evaluated immediately after MSG intake, as
the efferent pancreatic branch of vagus nerve
could stimulate insulin secretion during the
cephalic phase after tasting MSG, which was
shown in rats (Niijima et al. 1990).
Furthermore, animal studies results are
applicable with difficulty to humans as
human food is much more diverse, rich and
combined
with
another
substances
potentially leading to potentiation or
inhibition of particular compounds effects. It
has been shown, that MSG (120 mg/kg/day)
in combination with aspartame elevated
body weight and caused 2.3-fold increase in
fasting blood glucose compared to standard
chow and also caused increased insulin
resistance during the Insulin Tolerance Test
compared to aspartame alone (50
mg/kg/day), which caused 1.6-fold increase
in fasting blood glucose with reduction of
insulin sensitivity during an Insulin
Tolerance Test in mice (Collison et al. 2012).
MSG combined with dietary trans-fat
increased central adiposity and dyslipidemia
compared to mice fed with either trans-fatty
acids-enriched diet or dietary MSG alone
(Collison et al. 2010a).
Inconclusion the animal studies have shown
that MSG peroral administration in doses
similar to average human intake (Eweka et
al. 2011) and the intake in extreme users
(Collison et al. 2010b) led to disturbances in
metabolism with the increase in more
parameters including insulin, fatty acids and
triglycerides in serum,it increased the
expression of several genes implicated in
adipocytes differentiation and it also affected
the liver function resulting in elevation of
transaminase levels and bile synthesis.
However, the application of these results to
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human MSG intake is difficult due to
differences in mechanisms which could
potentially lead to obesity and possibile
combination with another substances leading
to potentiation or inhibition of particular
compounds` effects. The contradictions in the
results of human studies require further
research to evaluate the influence of the
dietary MSG intake on obesity, metabolic and
gastrointestinal functions.
Chinese Restaurant Syndrome
The „Chinese restaurant syndrome “(CRS)
was for the first time described more than 40
years ago. The original description of
symptoms having their onset about 20
minutes after starting the meal included
numbness or burning at the back of the neck,
radiating into both arms and sometimes into
the anterior thorax, which was associated
with a feeling of general weakness and
palpitation ('Chinese restaurant syndrome'
1968). The symptoms of flushing, dizziness,
syncope, and facial pressure were described
later (Geha et al. 2000). Monosodium
glutamate was widely believed to be
associated with CRS, however reviews of
relevant studies have proposed that the
studies which associated MSG with CRS did
not have the robust experimental design,
results were inconsistent and the frequency
of responses to MSG intake was not high
enough to bring evidence that MSG is the
trigger of CRS (Zautcke et al. 1986, Freeman
2006). Thus there appears to be little reason
to embark on an extensive workup and
treatment regimen with a presumptive
diagnosis of MSG intoxication (Zautcke et al.
1986). Headaches or other symptoms after
Chinese food intake could be rather
associated
with
exceptionally
high
concentrations of fat and sodium typical for
Chinese restaurant meals (Freeman 2006).
After 40 years of research we can conclude
that the symptoms of CRS have not been
proved to be associated with MSG compound
in Chinese food and the prevalence of the
typical symptoms is very low. In
a questionnaire survey in 1979 including
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3222 respondents only 1-2% reported
symptoms characteristic for CRS and only
0.19%
associated
the
characteristic
symptoms with consumption of Chinese food
(Kerr et al. 1979). Moreover, the symptoms
experienced by people who reported the
sensitivity to MSG, are inconsistent. As Kerr
(1979) proposed: „If the word "syndrome" is
to be used to describe symptoms attributed
to specific food ingredients, the limits of the
"syndrome" must be specified.“ (Kerr et al.
1979). Thus, the particular symptoms of CRS
should be studied in double-blind and
placebo-controlled conditions to identify
MSG possible negative dietary effects. Such
study was conducted to investigate headache,
pain and mechanical sensitivity in pericranial
muscles after oral administration of MSG (75
or 150 mg/kg) or NaCl (24 mg/kg, placebo).
No muscle pain or changes in mechanical
sensitivity have been detected. However,
reports of headache and tenderness of
pericranial muscle increased after MSG,
furthermore elevation of systolic blood
pressure has been observed in the MSG
session with 150 mg/kg compared with MSG
75 mg/kg and placebo (Baad-Hansen et al.
2010). Thus, although it is not probable that
intake of MSG is specifically connected to the
complex CRS, MSG could produce particular
symptoms which are or are not a part of the
original description of CRS.
Reproductive Organs
The effects of MSG on the reproductive
system are documented in a smaller number
than the effects previously mentioned and to
our best knowledge they are limited only to
animal studies. In male Swiss Albino mice
subcutaneous administration of MSG at
a dose of 2 mg/g during the perinatal period
at the 2nd, 4th, 6th, 8th and 10th days of life
lead to the increase in the number of the
pachytene stage of primary spermatocyte at
the 75th day of life compared to controls
(Das and Ghosh 2010). The double dose (4
mg/g) of MSG administered at the same time
to newborn rats resulted in the decreased
weight of pituitary glands and testes and
lowered testosterone level in 4 months old
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sexually mature male rats (Miskowiak et al.
1993). In female Swiss Albino mice,
subcutaneous injection of MSG (2 mg/g) at
the same perinatal period (2nd, 4th, 6th, 8th
and 10th day of life) led to increased
number of the primary follicles without any
increase in number of Graffian follicles in
ovarian tissue at the 75th day of life (Das and
Ghosh 2011).
Great limitation of these studies is the
subcutaneous application and period of MSG
administration which makes the results
hardly applicable to human medicine. From
this point of view, more important are the
studies in which MSG was mixed with the
grower's mash in adults. In adult female
Wistar rats fed by MSG at the doses of 0.04
mg/kg or 0.08 mg/kg on a daily basis the
pathological changes have been observed in
ovaries (Eweka and Om'iniabohs 2011) and
fallopian tube (Eweka et al. 2010). MSG
caused cellular hypertrophy of the theca
folliculi, destruction of the basement
membrane and stroma cells` vacuolations in
the ovaries. Degenerative and atrophic
processes were observed at both doses with
more pronounced changes in the group
treated with higher dose (0.08 mg/kg) of
MSG (Eweka and Om'iniabohs 2011).
Similarly in fallopian tube, both MSG doses
caused distortion of the basement membrane
with the separation of the endosalpinx from
the myosalpinx, however in rats taking 0.08
mg/kg, vacuolations and lysed red blood cells
appeared in some parts of the stroma cells
(Eweka et al. 2010). Although these studies
have shown the effects of MSG on female
reproductive organs in relevant doses after
peroral intake, further studies must be done
to corroborate these results and to explore
the ingested MSG effects also on male sex
organs.
Other MSG Effects
MSG intake and its deleterious effects have
been proposed also in the connection with
several other systems. One of the most
extensive discussions has been directed to
MSG as a trigger of asthma. Although there
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are a few anecdotal reports of MSG
sensitivity linked to asthma, reviews have
shown that these studies did not have the
robust experimental design and were not
reproducible to bring the evidence that MSG
is related to asthma response (Freeman
2006, Beausoleil et al. 2007). Also the newer
study about the dietary patterns and MSG
intake has failed to prove the connection
between MSG and asthma in Chinese adults
(Shi et al. 2012b). Moreover, there is no
evidence to support the avoidance of MSG in
adults with chronic asthma (Zhou et al.
2012), which is supported by an animal
study of an ovalbumin-induced asthma
mouse model fed with a diet containing 0.5%
or 5% MSG the week before the first
ovalbumin injection and for the subsequent
3-week period, in which MSG did not have
the influence on eosinophil infiltration,
production of Th2 cytokines and circulating
IgE concentrations in the lungs and did not
affect
the
induced
airway
hyperresponsiveness (Yoneda et al. 2011).
Several studies have brought evidence about
the associations between MSG-induced
obesity and other systems. The injections of
MSG in the first 7 days of life leading to MSGinduced obesity resulted in the increase of
mean arterial blood pressure and reduction
of heart rate variability, bradycardic
responses, vagal and sympathetic effects at
33 weeks compared to control rats (Konrad
et al. 2012).
Mice obesity model induced by MSG has
shown a significantly greater fall in core
temperature after acute cold exposure (4
degrees C for two hours) and did not
mobilize brown adipose tissue lipids after
exposure to 4 degrees Celsius for six hours
whereas control animals did. The authors
proposed that MSG-treated mice had
defective cold induced thermogenesis, which
could result from impaired activation of
thermogenic mechanisms in brown adipose
tissue (Moss et al. 1985).
A human study evaluating the relationship
between MSG and hemoglobin in 1197
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Chinese men and women has found a positive
association between MSG intake and
hemoglobin increase only in men. The
authors hypothesized that MSG effect could
be mediated via leptin due to the potential
role of leptin in hematopoiesis (Shi et al.
2012a).
Studies indicate that MSG influences are
complex and its effects on particular system
lead to the changes in the other system.
Further research should be focused on
changes in various systems and their
communication evoked by MSG intake in
nutritional doses in men and women.
Prevention of MSG Toxic Effects
The studies which brought the evidence
about the deleterious effects of MSG
administration led to further research of
potential protective effects of different
molecules, especially antioxidants.
Vitamin C in a dose 100 mg/kg/day given via
a metal orogastric tube simultaneously with
MSG at a dose of 3 g/kg/day mixed with
foods for 14 days has been shown to have
a protective role against toxic nerve cell and
astrocyte glial fibrillary acidic protein
damage in cerebellar cortex in male albino
rats (Hashem et al. 2012). All vitamin C
(200mg/kg), vitamin E (200 mg/kg) and
quercetin (10 mg/kg) given perorally were
effective in reduction of the MSG-induced
increase in malondialdehyde, modulated
gluthatione
levels
and glutathione-Stransferase activity and were effective in
ameliorating the effects of MSG on the
superoxide dismutase and catalase activity in
the liver, kidney and brain in MSG-treated
rats (4 mg/g, intraperitoneally for 10 days).
All antioxidants reduced MSG-increase in
serum alanine aminotransferase, aspartate
aminotransferase and γ-glutamyl transferase
(Farombi and Onyema 2006). Similar results
have been found in the study of vitamin E
effects in rats fed by MSG at a dose 0.6 mg/g
by gavage. Vitamin E (0.2 mg/g) significantly
reduced the lipid peroxidation, it increased
the glutathione level and decreased the
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hepatic
activities
of
glutathione-stransferase,
catalase
and
superoxide
dismutase in liver. The activities of alanine
aminotransferase,
aspartate
aminotransferase and γ-glutamyl transferase
in serum were also significantly reduced
(Onyema et al. 2006).
Quercetin (75 mg/kg, administered in
30 day-old male Wistar rats over 42 days)
has been shown to normalize HDLcholesterol, reduce insulin, leptin, glucose
and creatinine levels and increased
glutathione peroxidase and superoxide
dismutase activities after MSG subcutaneous
application (4 mg/g administered in neonatal
rats from 2. to 12.day) (Seiva et al. 2012).
Protective effects of pretreatment with
diltiazem from the development of
morphological and functional disorders in
ovaries have been shown in female rat pups
treated with MSG (Bojanic et al. 2009).
Conclusions
Monosodium glutamate (MSG) is one of the
world’s most widely used food additives
which enhances the flavor of food. MSG toxic
effects on central nervous system, adipose
tissue, hepatic tissue and reproductive
organs were shown in numerous animal
studies,
however
the
method
of
administration and the used doses in most of
them were not comparable with human MSG
intake. Animal studies in which MSG was
administered perorally in doses similar to
average human intake or intake of extreme
users showed that MSG led to disturbances in
metabolism with the increase in more
parameters including insulin, fatty acids and
triglycerides in serum, MSG increased the
expression of several genes implicated in
adipocytes differentiation, it affected the
liver function resulting in elevation of
transaminases` levels and bile synthesis, it
also led to oxidative stress in liver and to the
pathological changes in ovaries and fallopian
tube. MSG intake in human studies was
associated with increased levels of several
circulating amino acids, however no changes
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in the postprandial glucose and insulin were
found, which was in contradiction to animal
studies` results.The relationship between
MSG and increased hemoglobin was shown in
men and MSG intake was associated with
headache
and
subjectively
reported
pericranial muscle tenderness. Chinese
restaurant syndrome and asthma were not
proved to be associated with MSG intake.
Vitamin C, vitamin E, quercetin and diltiazem
had protective effects on MSG-induced toxic
changes.
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