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Abstract. Background. A flavor enhancer that sees extensive usage in the food business is monosodium
glutamate (MSG). While many studies have shown that long-term consumption of MSG can cause
oxidative stfress in animails, especially in their liver and kidneys, it was the goal of this study fo examine
the biochemical effects of hepatitis and kidney inflammation caused by different doses of MSG and
the protective effect of shilgjit water extract in albino mice. This research is designed fo assess the
biochemical toxicity of various dosages of MSG on the kidney and liver function in albino mice. Materials
and methods. Fifty adult mice were randomly assigned fo one of five groups (10 animals each). In contrast
to the experimental group (G2) that received MSG at a dose of 2 g/kg body weight, the confrol group
(G1) received pure water. The third group (G3) received the same amount of MSG plus 100 mg/kg of
shilgjit extract. In contrast fo the fourth group (G4), which received a higher dose of MSG (4 g/kg body
weight), the fifth group (G5) received the same amount of MSG in addition to 200 mg/kg of shilgjit. The
oral medications were maintained daily for a period of 14 days. On day 15, the animals were euthanized
after being put to sleep. Following that, biochemical analysis was performed on the collected samples.
This included testing for renal function indicators (such as creatinine and ureq) and liver enzymes (such as
AST, GGT, ALP, and ALT). Results. Compared to the control group, groups G2 and G4, which received just
MSG, had a significant rise (P < 0.05) in liver enzyme levels (ALP, AST, and ALT), suggesting substantial liver
damage. On the other hand, shilgjit extract showed a significant decrease in these levels, suggesting that
it may provide some protection against the toxicity caused by MSG. Conclusions. The current study found
that when high doses of monosodium glutamate were administered, it caused significant disturbances in
the function of both the liver and the kidneys. They were manifested by a significant increase in the levels
of liver enzymes (AST, ALT, ALP, and GGT), as well as an increase in renal function indicators (urea and
creatinine), which indicated that these organs had suffered tissue and functional damage as a result of
excessive oxidative stress.
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Introduction
People are increasingly going against the recommen-

is one of the terms for MSG. Magnesium stearate, or MSG,
is essentially the sodium salt of glutamic acid [3]. Of its total

dations of healthy eating programs like the DASH diet by
consuming more processed foods and fast food [1]. Artifi-
cial sweeteners, hydrogenated fats, and flavor enhancers like
monosodium glutamate (MSG), which is used widely in the
food industry, have all seen an uptick in use due to this deve-
lopment [2]. Glutamic acid is abundant in both plants and
animals, and it is one of the most prevalent amino acids that
are not considered essential. On the other hand, Ajinomoto

composition, 78 % is glutamic acid and 22 % is salt and water
[4]. Naturally occurring glutamate is found in a wide variety
of foods, including tomatoes, milk, cheese, mushrooms, and
seafood. Animal tissues may also contain glutamate. Gluta-
mate is not only produced by the body but also plays an es-
sential role in metabolic processes [5, 6].

MSG is a prominent component in many Asian cuisines,
particularly those of China, Thailand, and Japan [7, §]. Its
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presence increases taste and stimulates appetite, making it
a popular choice for cuisines in these countries. In spite of
the fact that the United States Food and Drug Administra-
tion (FDA) has classified MSG as Generally Recognized as
Safe (GRAS) [9], there is still a great deal of controversy
among medical professionals and scientists over the possible
adverse effects that it may have on human health. Investiga-
tions conducted by other researchers have shown a connec-
tion between it and harmful effects on the central nervous
system, liver, and kidneys, in addition to the potential ad-
verse effects on reproductive function. The oxidative stress,
calcium imbalance, and glutamate receptor activation that
occur in the brain are the mechanisms that are responsible
for these consequences [10, 11].

One possible mechanism by which MSG causes neu-
rotoxicity is via increasing the activity of N-methyl-D-as-
partate (NMDA) receptors. The cascade of events begins
with an overabundance of calcium ions entering neurons,
which triggers cell-destructive enzymes [8, 11]. The or-
ganic component shilajit, on the other hand, is found in
nature and is harvested from rocks in hilly areas like the
Himalayas. Because of its many biological and pharma-
cological properties, shilajit has been a staple of tradi-
tional medicine for hundreds of years [12]. Among the
compounds found in shilajit are those that possess anti-
inflammatory effects. These chemicals have the potential
to decrease the pain and other symptoms associated with
inflammatory illnesses, such as arthritis and chronic mus-
culoskeletal pain [13, 14]. With its benefits on cardiovas-
cular health, which include improved blood circulation
and management of blood cholesterol levels, shilajit may
also help protect the liver from dangerous compounds
by reducing oxidative stress and enhancing cell repair
mechanisms, according to recent study [15]. Shilajit also
has the potential to protect the liver from toxic substances.
Due to the powerful antioxidant and immunomodulatory
capabilities that they possess, fulvic acids and other ac-
tive compounds are responsible for the majority of these
effects [16].

Shilajit is an appealing natural medical drug [17], and
this is due to the fact that it can lessen the negative effects
that some chemical chemicals, such as monosodium gluta-
mate (MSG), have on the kidneys, liver, and central nervous
system. In light of the aforementioned, the purpose of the
current inquiry is to evaluate, using albino mice serving as
a model, the biochemical effects of MSG at different doses
and the effectiveness of an aqueous shilajit extract in miti-
gating these effects, with a specific focus on markers of liver
and kidney function.

Materials and methods
Methodology for the synthesis of monosodium
glutamate and shilaijit

In accordance with the procedures outlined in the re-
search, distilled water was used to dissolve the monosodium
glutamate (MSG) powder to achieve two concentrations: 2
and 4 g/kg body weight [18]. The two quantities of shilajit
extract (100 and 200 mg/kg body weight) were achieved by
dissolving tablets in distilled water [19].

Chemical composition of the shilajit extract

Shilajit is a complex mixture composed of several mine-
rals, organic compounds, and bioactive substances. The pri-
mary component of shilajit is fulvic acid, which accounts for
its unique properties. The chemical structure of shilajit can
be described as follows:

1. Fulvic acid. A humic substance with a molecular
weight of 5,000—10,000 Da, it is a significant part of shilajit
and contributes to its therapeutic properties.

2. Minerals. Shilajit contains over 80 minerals, including
iron, zinc, magnesium, copper, manganese, calcium, and
potassium. These minerals are present in their ionic forms,
making them more bioavailable.

3. Dibenzo-alpha-pyrones. These organic compounds
are found in small quantities and are thought to contribute
to the antioxidant properties of shilajit.

4. Other compounds. Includes amino acids, vitamins
(like B-complex), and fatty acids.

Shilajit, due to its mineral and organic complexity, is
known to act as a natural adaptogen and bioenhancer, im-
proving the absorption and bioavailability of other nutrients
in the body (Fig. 1).

Animal experiment design

From the National Center for Drug Control and Re-
search’s Experimental Animal Center, we procured albino
mice weighing 20—30 g. Mice were kept in a typical labora-
tory setting with access to food and water at all times, in a
moderately heated environment with adequate ventilation
and a regular light/dark cycle [20].

There were 50 mice, and they were randomly put into
five groups of ten mice each group:

— group 1. This group serves as the control, adminis-
tered solely with distilled water;

— group 2. Administered MSG at a dosage of MSG 2 g/kg;

— group 3. Administered MSG at a dosage of 4 g/kg of
body weight;

— group 4. Administered MSG at a dosage of 2 g/kg
alongside shilajit at a dosage of 100 mg/kg;

— group 5. Administered MSG at a dosage of 4 g/kg in
conjunction with shilajit at a dosage of 200 mg/kg.

The medicines were given orally for 14 days in a row
using an oral pipette.

Sample collection and biochemical analysis
After the beginning of the 14-day treatment period, blood
samples were taken from the mice and placed in tubes that

OH Fe?
HO 0
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Figure 1. Chemical structure of shilajit
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contained anticoagulant medication. In order to separate
the serum, the samples were centrifuged for five minutes at a
speed of 4,000 revolutions per minute [21]. In order to evalu-
ate the function of the liver, the levels of the following en-
zymes were measured: ALT, AST, ALP, and GGT. In addition,
assessments of kidney function included the measurement of
urea and creatinine. Every test was carried out using ELISA
kits purchased from Cusabio in the United States [22].

Statistical analysis

The results were represented using both the mean and
the standard error (mean + SE). A one-way analysis of vari-
ance (ANOVA) was conducted to determine the least sig-
nificant difference (LSD) among the groups. The LSD was
found to be statistically significant at a probability threshold
of P < 0.05 [23], suggesting that the observed difference
holds statistical relevance.

Results
Liver functions

Efficacy of shilajit against the impact of monosodium
glutamate on AST and GGT

The treated groups differed significantly from the con-
trol group (G1) at the probability level (P < 0.05), as indica-
ted in Table 1. The second group (G2), which got 2 g/kg of
MSG, and the fourth group (G4), which got 4 g/kg of MSG,
both had significantly elevated AST levels. Two groups that
received shilajit treatment — group 3 (G3: MSG 2 g + Shi
100 mg) and group 5 (G5: MSG 4 g + Shi 200 mg) — exhi-
bited a marked reduction in enzyme levels when contrasted
with the groups that received MSG alone. This suggests that
shilajit protects against hepatotoxicity caused by MSG.

Comparing the treated groups with the control group
revealed significant differences at a significance level of
P <0.05, according to the findings in the same table. In the
fifth group (G5, which consisted of 4 grams of MSG and
200 milligrams of Shi), enzyme levels dropped significantly,

eventually matching those in the control group (G1). In
contrast, the enzyme levels in the third group (MSG 2 g +
Shi 100 mg, G3) were significantly higher than in the other
groups, proving that medium dosages of shilajit were helpful
and that low doses were ineffective in this setting.

Effectiveness of shilajit in counteracting the impact
of monosodium glutamate on ALT and ALP levels

Table 2 indicates notable differences that are statistically
significant at the P < 0.05 level when the treated groups are
compared to the control group (G1). The table demonstra-
ted that the fifth group (MSG 4 g + Shi 200 mg, G5) showed
a significant decrease in the measured index, closely match-
ing the values of the control group (G1). The third group
(MSG 2 g+ Shi 100 mg, G3) exhibited a significant increase
in the same index relative to the other groups. The findings
indicate that the low dose of shilajit failed to demonstrate
a protective effect when compared to the effects of MSG
(P<0.05).

Table 2 presents a significant rise in the indicators for the
treated groups relative to the control group, reaching a sig-
nificance level of P < 0.05. Upon comparison of the treated
groups, it was noted that the fifth group (MSG 4 g + Shi
200 mg, G5) demonstrated a significant reduction when
contrasted with the fourth group, which received only MSG
at a dosage of 4 g (G4). The third group (MSG 2 g + Shi
100 mg, G3) exhibited a significant increase relative to the
second group (MSG 2 g, G2), while preserving the same
level of significance (P < 0.05). The previous statistical eval-
uation highlights the notable protective effect of shilajit at
the highest dosage (200 mg) in reducing the negative effects
of MSG.

Renal function

Urea and creatinine

The information shown in Table 3 reveals significant
variations at P < 0.05 when analyzing the treated groups

Table 1. Effect of shilajit versus MSG on AST and GGT levels in rat serum (mean * SE)

Groups N AST GGT
G1 (control — distilled water) 10 31.03+1.20 161.12 £ 6.42
G2 (MSG 2 g/kg) 10 34.30 +1.09 295.67 + 19.40
G3 (MSG 2 g + Shi 100 mg) 10 33.09 + 0.51 385.33 +27.40
G4 (MSG 4 g/kg) 10 3472 +1.15 193.64 + 5.14
G5 (MSG 4 g + Shi 200 mg) 10 33.31 £+ 0.91 159.73 + 9.32

Table 2. Effect of shilajit versus MSG on ALT and ALP levels in rat serum (mean = SE)

Groups N ALT ALP
G1 (control — distilled water) 10 18.73 + 0.28 101.72 £ 2.18
G2 (MSG 2 g/kg) 10 33.64 +1.47 149.54 + 3.13
G3 (MSG 2 g + Shi 100 mg) 10 36.63 + 0.75 151.46 + 5.74
G4 (MSG 4 g/kg) 10 25.60 +£ 0.95 127.60 + 1.01
G5 (MSG 4 g + Shi 200 mg) 10 18.93 + 0.57 111.56 + 3.15
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in relation to the control group, with urea levels showing a
marked increase in the MSG-treated groups. An in-depth
analysis of the groups revealed that the fifth group (MSG
4 g + Shi 200 mg, G5) exhibited a significant decrease in
urea concentration relative to the other groups, reaching
levels similar to those found in the control group (G1). The
third group (MSG 2 g + Shi 100 mg, G3) demonstrated a
significant increase in urea levels compared to the second
group (MSG 2 g, G2), with consistent statistical signifi-
cance (P <0.05).

The findings presented in Table 3 indicate notable alte-
rations in kidney function indicators when the experimental
groups are compared to the control group (G1), with a sig-
nificance level of P < 0.05. Both the second group (MSG
2 g, G2) and the fourth group (MSG 4 g, G4) exhibited a
significant increase in the studied indicator relative to the
control group, suggesting a distinct toxic effect of MSG.
The third group (MSG 2 g + Shi 100 mg, G3) and the fifth
group (MSG 4 g + Shi 200 mg, G5) demonstrated a sig-
nificant decrease in the same indicator relative to the two
MSG-only groups (G2 and G4), while preserving the same
significance level (P <0.05).

Discussion

Glutamate is an amino acid that occurs naturally in
many foods in different levels. However, there is a diffe-
rence between free glutamate and glutamate that is attached
to proteins. Protein-bound glutamate, which is included in
foods like meat and tomatoes, is not as harmful as free gluta-
mate because it is absorbed into tissues, particularly muscle,
over a longer period of time and breaks down more slowly
in the gut. Compared to protein-bound glutamate, free glu-
tamate which is included in taste enhancers like MSG — is
more dangerous because it is quickly absorbed and causes a
dramatic increase in blood glutamate concentrations [24].
This study’s findings suggest that MSG inhibits antioxidant
defenses, speeds up glucose metabolism, and increases cel-
lular reactive oxygen species (ROS) generation, all of which
harm DNA, proteins, and lipids. One of the long-term ef-
fects of MSG exposure is apoptosis, which occurs when cell
membranes undergo lipid peroxidation due to the oxidation
of unsaturated fatty acids. This, in turn, disrupts the struc-
ture and function of cell membranes, leading to cell death or
permanent damage. This compound’s free radicals degrade
mitochondrial function and tamper with genetic informa-
tion inside cells [9].

Exposure to environmental and dietary chemicals, such
as MSG, makes the liver particularly vulnerable to damage

[25]. The liver is one of the most affected vital organs by
food poisoning because of its central role in regulating me-
tabolism, storing glycogen, synthesizing plasma proteins,
producing bile (essential for fat digestion), and filtering to-
xins and harmful chemicals from the blood.

Consistent with other studies, this one also utilized two
dosages of MSG (40 and 120 mg/kg), which had similar
outcomes [26]. Functional damage to the liver was indicated
by a rise in ALT and AST levels and a significant drop in
total protein levels. After 28 days of MSG administration,
another research found that laboratory rats’ liver enzymes
(AST, ALT, GGT) increased. This was thought to be because
MSG exposure caused alterations in the liver’s histology.
Within the same framework, research [27], shown that male
mice given a daily oral gavage dosage of MSG (2 g/kg) for
four weeks had significantly higher body weight and blood
ALT and AST levels than the control group, with a statisti-
cally significant difference at (P < 0.001) as recorded in [28].

Thirty found that ALT, AST, ALP, and GGT levels were
significantly elevated after four weeks of treatment with
MSG at a dosage of 1 mg/kg. Oxidative stress, DNA da-
mage, and detrimental effects on liver function from PCNA
and p53 protein gene expression were established. The ac-
tivity of the liver cell membrane damage markers ALT and
AST in serum may be used to measure MSG-induced hepa-
totoxicity, according to scientific research. The breakdown
of cell membranes containing unsaturated fatty acids causes
oxidative stress, which in turn causes enzymes normally
contained in mitochondria and plasma membranes to seep
into the circulation [29, 30]. Several studies have shown that
MSG exposure, whether with a single large dosage [31—33],
or with repeated low doses [34—36], significantly elevates
ALT and AST enzymes. Our results are in line with these
previous findings. All of this research showed that MSG is
bad for your liver because it alters enzyme markers.

Chronic exposure to MSG causes physiological chan-
ges in the liver and kidneys, according to a study [8], which
found that mice given two doses of MSG (0.6 and 1.6 mg/g
of body weight) for 14 days had a marked increase in body
weight and relative weight of the organs. In addition to its
hepatotoxic effects, the present investigation demonstrated
that MSG negatively impacts kidney function. This is shown
by a significant rise in blood urea and creatinine levels,
which suggest a decrease in renal efficiency [37]. Hypothe-
sized that this rise in creatinine was due to either a decrease
in renal tubular function or an interference between creati-
nine metabolism and MSG, which caused the latter to ac-
cumulate in the blood.

Table 3. Effect of shilajit versus MSG on urea and creatinine levels in rat serum (mean + SE)

Groups N Urea Creatinine
G1 (control — distilled water) 10 25.51 +1.08 0.390 + 0.009
G2 (MSG 2 g/kg) 10 31.29 £ 1.32 0.590 + 0.020
G3 (MSG 2 g + Shi 100 mg) 10 32.63 +2.18 0.490 + 0.012
G4 (MSG 4 g/kg) 10 28.25+1.16 0.520 £ 0.018
G5 (MSG 4 g + Shi 200 mg) 10 23.62 + 0.89 0.490 = 0.010
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A number of studies have linked the oxidative stress that
monosodium glutamate (MSG) induces in renal tissue to
negative impacts on kidney function. Research has shown
that consuming MSG on a regular basis might lead to renal
fibrosis, with oxidative stress playing a major role in kid-
ney damage [38, 39]. The overproduction of free radicals,
especially reactive oxygen species (ROS), or a breakdown
in their intracellular elimination mechanisms is known as
oxidative stress [40].

The development of oxidative stress inside the body is
facilitated by a multitude of physiological and pathologi-
cal processes, including metabolic pathways, cellular and
noncellular components such hormones and cytokines, and
detoxification systems [41—43]. To put it another way, pro-
longed MSG exposure raises renal glutamate metabolism,
which in turn increases ROS generation. Research in rats
has shown that long-term exposure to MSG causes a de-
cline in antioxidant enzyme levels and an increase in the
buildup of lipid peroxidation products in the kidneys [44,
45]. High amounts of glutamate cause immediate cytotoxi-
city, as shown in experiments with cultivated kidney cells in
vitro [46]. Kidney tissue is especially vulnerable to oxidative
stress damage because it has a high concentration of long-
chain polyunsaturated fatty acids [47]. Cell death results
from a cascade of events that begin with lipid peroxidation
and progress via protein modification, DNA damage, and
cell death itself [48—50]. Reactive oxygen species are known
to have a crucial role in producing pathological alterations
in the kidneys, namely in the glomeruli, tubules, and inter-
stitium [51, 52].

One of the main aims of the research was to find strate-
gies to lessen or eliminate the harmful effects of MSG after
the findings indicated that the fifth group did better than the
control group in minimizing liver and kidney damage. Ac-
cording to the data, the shilajit aqueous extract is efficient
because it contains physiologically active compounds such
fulvic acids, over 40 minerals, and the conjugated alpha-
pyrone it releases [12]. Shilajit is a mineral supplement that
includes over 20 different elements, including fulvic and hu-
mic acids, as well as minerals like calcium, magnesium, salt,
iron, chromium, and lead. In addition to minerals accoun-
ting for around 15—20 % of its composition, it also includes
organic substances such as hydrocarbons, proteins, carbs,
fatty acids, amino acids, and alcohols. The variety of plant
chemicals it contains, together with its powerful antioxidant
capabilities, contribute to its great efficacy and the signifi-
cant protective impact it has on human health [53].

One research found that shilajit, whether taken either
orally or rectally, could lessen the severity of liver damage
caused by ulcerative colitis [54]. This was accomplished by
raising serum albumin levels, decreasing concentrations of
direct and total bilirubin, and decreasing levels of liver en-
zymes (SGPT, SGOT, ALP). By bringing the control group’s
liver enzyme levels back to near-normal levels, oral gavage
of shilajit proved to be more protective than rectal adminis-
tration. This might be because shilajit’s active components
are better absorbed, because it acts directly on the liver be-
fore systemic effects manifest, or because it acts indirectly
by regulating gastrointestinal secretions.

Keep in mind that this medication does come with a few
unwanted side effects. Fulvic acid and dibenzoalpha-pyrone
are the main components of shilajit extract that are respon-
sible for its antioxidant activities [55]. The shilajit aqueous
extract showed a DPPH free radical scavenging capability
of 11.9 pug/ml [56], as per an additional investigation. Ad-
ditionally, shilajit’s ability to scavenge free radicals was as-
sessed by means of a rat liver culture model of oxidative
stress caused by carbon tetrachloride (CCl,), with lipid per-
oxidation serving as the marker for this kind of stress. The
findings demonstrated that shilajit enhanced the rat mo-
del of antioxidant enzyme activity [57]. Another research
looked at the effects of shilajit on liver and kidney tissue after
bone cancer (osteosarcoma) spread in a rat model, and how
it may work in conjunction with chemotherapy treatments
to lessen those detrimental effects. The effects of two shilajit
dosages (low and high) on biomarkers including bilirubin,
ALT, ALP, and AST were assessed. Albumin and total pro-
tein levels were found to have increased significantly. When
it came to bringing biomarker levels back to normal, the high
dosage of shilajit worked better than the low dose. Similarly,
uric acid, creatinine, and urea levels caused by bone can-
cer were significantly reduced when shilajit was used with
chemotherapy procedures (CMF cocktail). Researchers
observed that the lower dosage of shilajit had less impact on
kidney function markers than the larger dose [12]. Many
different active chemicals are responsible for shilajit’s effi-
ciency. These include aromatic carboxylic acids, terpenes,
gum, sterols, phenolic compounds, polyphenols, gum, al-
bumin, latex, and an extra active substance [58]. In addi-
tion to minerals, vitamins, fulvic and humic acids, trace ele-
ments, carbs, and plant components, shilajit also includes a
number of other useful substances. Shilajit is a good herbal
treatment because its pharmacological effects are enhanced
by its integrated makeup. Its active plant components have
a number of pharmaceutical uses, including immune sys-
tem regulation, antiviral effects, protection against oxida-
tive stress, and inflammation reduction. Any researcher with
an interest in shilajit would do well to consult this scientific
review. Investigating potential synergistic effects with other
herbs could lead to useful nano-formulations, and the food
and nutritional supplement industries could use it to create
bioactive supplement products that promote health [53].

Limitation

The chemical components analysis performed to iden-
tify humic acids, fulvic acids, or mineral content were not
identified in this study, but were based on previous studies.
The positive effect of each component will be analyzed and
studied separately. The current study did not include a his-
tological study, but we thank you for this scientific proposal,
and it will be studied in future research.

Conclusions

Conversely, the study found that shilajit aqueous extract
effectively protected against MSG toxicity, leading to im-
proved biomarkers and lower levels of liver and kidney en-
zymes, particularly at higher doses (200 mg/kg). Thanks to
its antioxidant components, trace minerals, and fulvic acids,
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shilajit has this effect. Based on these findings, shilajit shows
promise as an adjuvant to mitigate the harmful effects of
some industrial food additives, such MSG. To validate these
results in human and animal models and to comprehend
the exact molecular pathways of its impact, more research
is suggested.

Ethical approval and study participation
This study was approved by the Ethical Committee of
Thi-Qar University under Protocol No. 8795438.

Availability of data and materials
The data used or analyzed during this study are available
from the corresponding author upon formal request.

Acknowledgments

Regarding the completion of this work, the authors
would like to express their gratitude to Dr. Zainab Ali for her
invaluable support and help.

References

1 World Health Organization (WHO). Global status report on non-
communicable diseases. Geneva: World Health Organization; 2014. 302 p.

2. Nnadozie JO, Chijioke UO, Okafor OC, et al. Chronic toxicity of
low dose monosodium glutamate in albino Wistar rats. BMC Res Notes. 2019
Sep 18;12(1):593. doi: 10.1186/513104-019-4611-7.

3. Eweka AO. Histological studies of the effects of monosodium glu-
tamate on the kidney of adult Wistar rats. The Internet Journal of Health.
2007;6(2).

4. Samuels A. The toxicity/safety of processed free glutamic acid
(MSG): a study in suppression of information. Account Res. 1999;6(4):259-
310. doi: 10.1080/08989629908573933.

5. International Food Information Council (IFIC). IFIC review of
monosodium glutamate: examining the myths. Available from: https://ex-
toxnet.orst.edu/faqs/additive/ificmsg.htm.

6. Leung AY, Foster S. Encyclopedia of common natural ingredi-
ents: used in food, drugs, and cosmetics. New York, NY: Wiley; 1996. 649 p.

7. U.S. Food and Drug Administration (FDA); Center for Food
Safety and Applied Nutrition (CFSAN). FDA Backgrounder: FDA and
Monosodium Glutamate (MSG). Silver Spring, MD: FDA; 1995.

8. Tawfik M, Al-Badr N. Adverse effects of monosodium gluta-
mate on liver and kidney functions in adult rats and potential protective ef-
fect of vitamins C and E. Food Nutr Sci. 2012,;3(5):651-659. doi: 10.4236/
fns.2012.34062.

9. Eweka A, Igbigbi P, Ucheya R. Histochemical studies of the ef-
fects of monosodium glutamate on the liver of adult wistar rats. Ann Med
Health Sci Res. 2011 Jan; 1(1):21-29.

10.  Nwaopara AO, Odike MA, Inegbenebor U, Adoye MI. The com-
bined effects of excessive consumption of ginger, clove, red pepper and black
pepper on the histology of the liver. Pakistan J Nutr. 2007,6(6):524-527. doi:
10.3923/pjn.2007.524.527.

11.  Rezaie A, Farajnia S, Akbarzadeh A. Effect of monosodium glu-
tamate on oxidative stress and liver function in rats. Iranian J Pharmacol
Ther. 2007;6(2):143- 146.

12.  Qadir A, Ali A, Singh T. Phyto-therapeutic potential and phar-
maceutical impact of Shilajit (Asphaltum punjabianam): Current research
and future prospects. Qeios (preprint). 2024 Jun 7. doi: 10.32388/RIXYS6.

13.  Kheir-Eldin AA, Motawi TK, Gad MZ, Abd-ElGawad HM.
Protective effect of vitamin E, beta-carotene and N-acetylcysteine from the

brain oxidative stress induced in rats by lipopolysaccharide. Int J Biochem
Cell Biol. 2001 May;33(5):475-482. doi: 10.1016/51357-2725(01)00032-2.

14.  Aldana L, Tsutsumi V, Craigmill A, Silveira MI, Gonzalez de
Mejia E. alpha-Tocopherol modulates liver toxicity of the pyrethroid cyper-
methrin. Toxicol Lett. 2001 Dec 15;125(1-3):107-116. doi: 10.1016/5037§-
4274(01)00427-1.

15.  Saini RK, Keum YS, Yang DC. Shilajit: A potent adaptogen with
antioxidant activity. Free Radic Biol Med. 2013;60:137-146.

16.  Mandal S, Chattopadhyay S, Ghosh S, et al. Imnmunomodulatory
effect of Shilajit on murine model. Phytomedicine. 2012;19(13):1197-1202.

17.  Chaudhary H, Goyal A, Bansal P, et al. Anti-inflammatory activ-
ity of Shilajit. Int J Ayurveda Res. 2013;4(1):49-53.

18.  Omogbiya Al, Ben-Azu B, Eduviere AT, et al. Monosodium glu-
tamate induces memory and hepatic dysfunctions in mice: ameliorative role
of Jobelyn® through the augmentation of cellular antioxidant defense ma-
chineries. Toxicol Res. 2020 Nov 23;37(3):323-335. doi: 10.1007/543185-
020-00068-9.

19.  Rajpoot A, Pandey AK, Roy VK, Mishra RK. Shilajit mitigates
diabetes-induced testicular dysfunction in mice: A modulation in insulin sen-
sitivity, germ cell junctional dynamics, and oxido-apoptotic status. Androlo-
gia. 2025;1:5517176. doi: 10.1155/and/5517176.

20.  Haleem AM, Khaleel HK. Histopathological and cytogenetic ef-
fects of copper oxide nanoparticles in the mice after oral administration. Bio-
chem Cell Arch. 2020;20(2):6259-6265.

21 Wallwitz J, Aigner P, Gadermaier E, et al. Validation of an en-
zyme-linked immunosorbent assay (ELISA) for quantification of endostatin
levels in mice as a biomarker of developing glomerulonephritis. PLoS One.
2019 Aug 12;14(8):e0220935. doi: 10.1371/journal.pone.0220935.

22, Khaleel HK. Investigating the histological changes in heart, lung,
liver and kidney of male albino mice treated with Ivabradine. Baghdad Sci J.
2019;16(3):25. doi: 10.21123/bsj.2019.16.3(Suppl.).0719.

23. Okab HF, Salih MB, Jarulla BA. Immunopathy of COVID-19
Patients without Chronic Disease: Proinflammatory and Anti-Inflammatory
Cytokines Attributable to Disease Severity. Laboratory Research in Clinical
Practice. 2024;13(1):47-59. doi: 10.34883/P1.2024.13.1.004.

24.  Kowalski D, Malgorzata E, Barczak P. Mechanisms of MSG-in-
duced toxicity and oxidative stress. Toxicol Appl Pharmacol. 2015;285(1):19-
29.

25.  Masre SF, Razali NA, Nani NN, Taib IS. Biochemical and histo-
logical effects of low dose of monosodium glutamate on the liver of adult male
Sprague-Dawley rats. J Sains Kesihatan Malaysia. 2019;17(2):107-112.
doi: 10.17576/JSKM-2019-1702-12.

26.  Shrestha S, Jha CB, Lal Das BK, Yadav P. Effects of monoso-
dium glutamate on liver tissue of Wistar albino rats - A histological and bio-
chemical study. Int J Ther Appl. 2018;35:68-73.

27.  Mohamed PA, Mohammed SA, Radwan RA, Mohamed SA. Tox-
icity of monosodium glutamate on liver and body weight with the protective
effect of tannic acid in adult male rats. Mansoura J Forens Med Clin Toxicol.
2021;29(2):23-32.

28. Albrahim T, Binobead MA. Roles of Moringa oleifera Leaf Ex-
tract in Improving the Impact of High Dietary Intake of Monosodium Glu-
tamate-Induced Liver Toxicity, Oxidative Stress, Genotoxicity, DNA Dam-
age, and PCNA Alterations in Male Rats. Oxid Med Cell Longev. 2018 Dec
17;2018:4501097. doi: 10.1155/2018/4501097.

29.  Hamdalla M. Monosodium glutamate-induced liver microscopic
and biochemical changes in male rats and the possible amendment of querce-
tin. Egypt J Zool. 2019;71:44-55. doi: 10.21608/EJZ.2019.37158.

30. Okediran BS, Olurotimi AE, Rahman SA, Michael OG, Olu-
kunle JO. Alterations in the lipid profile and liver enzymes of rats treated with

204

Kidneys

Vol. 14, No. 3, 2025


https://www.who.int/publications/i/item/9789241564854
https://www.who.int/publications/i/item/9789241564854
https://pubmed.ncbi.nlm.nih.gov/31533812/
https://pubmed.ncbi.nlm.nih.gov/31533812/
https://pubmed.ncbi.nlm.nih.gov/31533812/
https://ispub.com/IJH/6/2/5036
https://ispub.com/IJH/6/2/5036
https://ispub.com/IJH/6/2/5036
https://pubmed.ncbi.nlm.nih.gov/11657840/
https://pubmed.ncbi.nlm.nih.gov/11657840/
https://pubmed.ncbi.nlm.nih.gov/11657840/
https://extoxnet.orst.edu/faqs/additive/ificmsg.htm
https://extoxnet.orst.edu/faqs/additive/ificmsg.htm
https://books.google.com.ua/books/about/Encyclopedia_of_Common_Natural_Ingredien.html?id=B0lqAAAAMAAJ&redir_esc=y
https://books.google.com.ua/books/about/Encyclopedia_of_Common_Natural_Ingredien.html?id=B0lqAAAAMAAJ&redir_esc=y
https://books.google.com.ua/books/about/Encyclopedia_of_Common_Natural_Ingredien.html?id=B0lqAAAAMAAJ&redir_esc=y
https://books.google.com.ua/books/about/FDA_and_Monosodium_Glutamate_MSG.html?id=Z7AAkAEACAAJ&redir_esc=y
https://books.google.com.ua/books/about/FDA_and_Monosodium_Glutamate_MSG.html?id=Z7AAkAEACAAJ&redir_esc=y
https://books.google.com.ua/books/about/FDA_and_Monosodium_Glutamate_MSG.html?id=Z7AAkAEACAAJ&redir_esc=y
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
http://dx.doi.org/10.4236/fns.2012.35089
https://pubmed.ncbi.nlm.nih.gov/23209951/
https://pubmed.ncbi.nlm.nih.gov/23209951/
https://pubmed.ncbi.nlm.nih.gov/23209951/
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
http://doi.org/10.3923/pjn.2007.524.527
https://doi.org/10.32388/RIXY86
https://doi.org/10.32388/RIXY86
https://pubmed.ncbi.nlm.nih.gov/11331202/
https://pubmed.ncbi.nlm.nih.gov/11331202/
https://pubmed.ncbi.nlm.nih.gov/11331202/
https://pubmed.ncbi.nlm.nih.gov/11331202/
https://pubmed.ncbi.nlm.nih.gov/11701229/
https://pubmed.ncbi.nlm.nih.gov/11701229/
https://pubmed.ncbi.nlm.nih.gov/11701229/
https://pubmed.ncbi.nlm.nih.gov/11701229/
https://pubmed.ncbi.nlm.nih.gov/34295796/
https://pubmed.ncbi.nlm.nih.gov/34295796/
https://pubmed.ncbi.nlm.nih.gov/34295796/
https://pubmed.ncbi.nlm.nih.gov/34295796/
https://pubmed.ncbi.nlm.nih.gov/34295796/
https://doi.org/10.1155/and/5517176
https://doi.org/10.1155/and/5517176
https://doi.org/10.1155/and/5517176
https://doi.org/10.1155/and/5517176
https://www.researchgate.net/publication/346975622_HISTOPATHOLOGICAL_AND_CYTOGENETIC_EFFECTS_OF_COPPER_OXIDE_NANOPARTICLES_IN_THE_MICE_AFTER_ORAL_ADMINISTRATION
https://www.researchgate.net/publication/346975622_HISTOPATHOLOGICAL_AND_CYTOGENETIC_EFFECTS_OF_COPPER_OXIDE_NANOPARTICLES_IN_THE_MICE_AFTER_ORAL_ADMINISTRATION
https://www.researchgate.net/publication/346975622_HISTOPATHOLOGICAL_AND_CYTOGENETIC_EFFECTS_OF_COPPER_OXIDE_NANOPARTICLES_IN_THE_MICE_AFTER_ORAL_ADMINISTRATION
https://pubmed.ncbi.nlm.nih.gov/31404120/
https://pubmed.ncbi.nlm.nih.gov/31404120/
https://pubmed.ncbi.nlm.nih.gov/31404120/
https://pubmed.ncbi.nlm.nih.gov/31404120/
https://doi.org/10.21123/bsj.2019.16.3(Suppl.).0719
https://doi.org/10.21123/bsj.2019.16.3(Suppl.).0719
https://doi.org/10.21123/bsj.2019.16.3(Suppl.).0719
https://doi.org/10.21123/bsj.2019.16.3(Suppl.).0719
https://doi.org/10.21123/bsj.2019.16.3(Suppl.).0719
http://dx.doi.org/10.34883/PI.2024.13.1.004
http://dx.doi.org/10.34883/PI.2024.13.1.004
http://dx.doi.org/10.34883/PI.2024.13.1.004
http://dx.doi.org/10.34883/PI.2024.13.1.004
http://doi.org/10.17576/JSKM-2019-1702-12
http://doi.org/10.17576/JSKM-2019-1702-12
http://doi.org/10.17576/JSKM-2019-1702-12
http://doi.org/10.17576/JSKM-2019-1702-12
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://npaa.in/journal-ijta/2018/04/17/effects-of-monosodium-glutamate-on-liver-tissue-of-wistar-albino-rats-a-histological-and-biochemical-study/
https://mjfmct.journals.ekb.eg/article_162529.html
https://mjfmct.journals.ekb.eg/article_162529.html
https://mjfmct.journals.ekb.eg/article_162529.html
https://mjfmct.journals.ekb.eg/article_162529.html
https://pubmed.ncbi.nlm.nih.gov/30647808/
https://pubmed.ncbi.nlm.nih.gov/30647808/
https://pubmed.ncbi.nlm.nih.gov/30647808/
https://pubmed.ncbi.nlm.nih.gov/30647808/
https://pubmed.ncbi.nlm.nih.gov/30647808/
https://doi.org/10.21608/EJZ.2019.37158
https://doi.org/10.21608/EJZ.2019.37158
https://doi.org/10.21608/EJZ.2019.37158
https://doi.org/10.21608/EJZ.2019.37158
https://doi.org/10.21608/EJZ.2019.37158
http://dx.doi.org/10.4314/sokjvs.v12i3.8
http://dx.doi.org/10.4314/sokjvs.v12i3.8
http://dx.doi.org/10.4314/sokjvs.v12i3.8
http://dx.doi.org/10.4314/sokjvs.v12i3.8

OpuwuriHaabHi ctarti / Original Articles

monosodium glutamate. Sokoto J Vet Sci. 2014;12(3):42-46. doi: 10.4314/
Sokjvs.v12i3.8.

31.  Ortiz GG, Bitzer-Quintero OK, Zrate CB, et al. Monosodium
glutamate-induced damage in liver and kidney: a morphological and bio-
chemical approach. Biomed Pharmacother. 2006 Feb;60(2):86-91. doi:
10.1016/).biopha.2005.07.012.

32.  Soliman AM. Extract of coelatura aegyptiaca, a freshwater clam,
ameliorates hepatic oxidative stress induced by monosodium glutamate in rats.
Afr J Pharm Pharmacol. 2011;5(3):398-408. doi: 10.5897/AJPP11.085.

33. Onyema OO, Farombi EO, Emerole GO, Ukoha Al, Onyeze GO.
Effect of vitamin E on monosodium glutamate induced hepatotoxicity and
oxidative stress in rats. Indian J Biochem Biophys. 2006 Feb;43(1):20-24.

34.  Egbuonu AC, Obidoa O, Ezeokonkwo CA, Ejikeme PM. Hepato-
toxic effects of low dose oral administration of monosodium glutamate in male
albino rats. Afrr J Biotech. 2009;8(13):3031-3035. doi: 10.5897/AJB09.209.

35, Abd-Ella EMM, Mohamme AM. Attenuation of monosodium
glutamate-induced hepatic and testicular toxicity in albino rats by An-
nona muricata Linn. (Annonaceae) leaf extract. IOSR J Pharm Biol Sci.
2016;11(6):61-69.

36.  Vinodini NA, Nayanatara AK, Ramaswamy C, et al. Study on
evaluation of monosodium glutamate-induced oxidative damage on renal tis-
sue in adult Wistar rats. J Chin Clin Med. 2010;5(3):144-147.

37.  Sharma A, Wongkham C, Prasongwattana V, et al. Proteomic
analysis of kidney in rats chronically exposed to monosodium glutamate. PLoS
One. 2014 Dec 31;9(12):e116233. doi: 10.1371/journal.pone.0116233.

38 Bashan N, Kovsan J, Kachko I, Ovadia H, Rudich A. Positive and
negative regulation of insulin signaling by reactive oxygen and nitrogen spe-
cies. Physiol Rev. 2009 Jan;89(1):27-71. doi: 10.1152/physrev.00014.2008.

39.  Corda S, Laplace C, Vicaut E, Duranteau J. Rapid reactive oxy-
gen species production by mitochondria in endothelial cells exposed to tumor
necrosis factor-alpha is mediated by ceramide. Am J Respir Cell Mol Biol.
2001 Jun;24(6):762-768. doi: 10.1165/ajremb.24.6.4228.

40.  Stankiewicz A, Skrzydlewska E, Makie a M. Effects of ami-
fostine on liver oxidative stress caused by cyclophosphamide administra-
tion to rats. Drug Metabol Drug Interact. 2002;19(2):67-82. doi: 10.1515/
dmdi.2002.19.2.67.

41.  Sundaresan M, Yu ZX, Ferrans VJ, Irani K, Finkel T. Re-
quirement for generation of H202 for platelet-derived growth factor signal
transduction. Science. 1995 Oct 13;270(5234):296-299. doi: 10.1126/sci-
ence.270.5234.296.

42.  Paul MV, Abhilash M, Varghese MV, Alex M, Nair RH. Protec-
tive effects of a-tocopherol against oxidative stress related to nephrotoxicity by
monosodium glutamate in rats. Toxicol Mech Methods. 2012 Oct;22(8):625-
630. doi: 10.3109/15376516.2012.714008.

43. Thomas M, Sujatha KS, George S. Protective effect of Piper long-
um Linn. on monosodium glutamate induced oxidative stress in rats. Indian J
Exp Biol. 2009 Mar;47(3):186-192.

44.  Leung JC, Ragland N, Marphis T, Silverstein DM. NMDA
agonists and antagonists induce renal culture cell toxicity. Med Chem. 2008
Nov;4(6):565-571. doi: 10.2174/157340608786242034.

Information about authors

45.  Kubo K, Saito M, Tadokoro T, Maekawa A. Changes in suscep-
tibility of tissues to lipid peroxidation after ingestion of various levels of doco-
sahexaenoic acid and vitamin E. Br J Nutr. 1997 Oct;78(4):655-669. doi:
10.1079/bjn19970181.

46.  Richter C, Park JW, Ames BN. Normal oxidative damage to mi-
tochondrial and nuclear DNA is extensive. Proc Natl Acad Sci U S A. 1988
Sep;85(17):6465-6467. doi: 10.1073/pnas.85.17.6465.

47.  Rubbo H, Radi R, Trujillo M, et al. Nitric oxide regulation of
superoxide and peroxynitrite-dependent lipid peroxidation. Formation of
novel nitrogen-containing oxidized lipid derivatives. J Biol Chem. 1994 Oct
21;269(42):26066-26075.

48.  Stadtman ER, Levine RL. Protein oxidation. Ann N Y Acad Sci.
2000;899:191-208. doi: 10.1111/;.1749-6632.2000.tb06187.x.

49.  Klahr S. Oxygen radicals and renal diseases. Miner Electrolyte
Metab. 1997;23(3-6):140-143.

50. Vielhauer V, Anders HJ, Mack M, et al. Obstructive nephropathy
in the mouse: progressive fibrosis correlates with tubulointerstitial chemokine
expression and accumulation of CC chemokine receptor 2- and 5-positive
leukocytes. J Am Soc Nephrol. 2001 Jun;12(6):1173-1187. doi: 10.1681/
ASN.V1261173.

51.  Sharma A. Monosodium glutamate-induced oxidative kidney
damage and possible mechanisms: a mini-review. J Biomed Sci. 2015 Oct
22;22:93. doi: 10.1186/512929-015-0192-5.

52, Stohs SJ. Safety and efficacy of shilajit (mumie, moomiyo). Phy-
tother Res. 2014 Apr;28(4):475-479. doi: 10.1002/ptr.5018.

53. Shahrokhi N, Shahrokhi N, Amiresmaili S, Malekpour Afshar
R, Shahrokhi M. Comparing the effects of sulfasalazine and Shilajit on liver
damage caused by acetic acid-induced ulcerative colitis in male rats. J Babol
Univ Med Sci. 2023;25(1):417-426.

54. Schepetkin IA, Khlebnikov AI, Kwon BS. Medical drugs from
humus matter: focus on mumie. Drug Dev Res. 2002;57(3):140-159. doi:
10.1002/ddr. 10058.

55.  Rege A, Juvekar P, Juvekar A. In vitro antioxidant and anti-
arthritic activities of Shilajit. Int J Pharm Pharm Sci. 2012;4(2):650-653.

56.  Hirekar SN, Kharat RS, Toshniwal MB, Kanti VG. In vitro
screening of free radical scavenging activity of Shilajatu (Asphaltum punjabi-
num) by lipid per oxidation method with special reference to Rasayan Karma.
World J Pharm Res. 2015;4(11):1121-1126.

57.  Jambi EJ, Abdulaziz Alshubaily F. Shilajit potentiates the effect
of chemotherapeutic drugs and mitigates metastasis induced liver and kidney
damages in osteosarcoma rats. Saudi J Biol Sci. 2022 Sep;29(9):103393. doi:
10.1016/).5bs.2022.103393.

58.  Khanna R, Witt M, Anwer KMd, Agarwal SP, Koch BP. Spec-
troscopic characterization of fulvic acids extracted from the rock exudate
shilajit. Org Geochem. 2008;,39(12):1719-1724. doi: 10.1016/j.orggeo-
chem.2008.08.009.

Received 10.06.2025
Revised 17.07.2025
Accepted 21.07.2025 M

Emad Mahmoud Eltayef, Department of Chemical Science, Faculty of Science, Mustansiriyah University, Iraq; e-mail: ema20061979@uomustansiriyah.edu.ig; https://orcid.org/0000-0002-8729-1642
Zainab Hudhi Farhood, Department of Biology, Faculty of Education for Pure Science, University of Thi-Qar, Thi-Qar, Irag; e-mail: Zainabhadh.bio@utq.edu.ig; https://orcid.org/0009-0000-7959-9738
Zaman Subhi Madlool, Department of Biology, Faculty of Education for Pure Science, University of Thi-Qar, Thi-Qar, Iraq; e-mail: zamansubh@utq.edu.ig; https://orcid.org/0000-0002-1443-7372

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Information about funding. This study was self-funded by the researchers.

Vol. 14, No. 3, 2025

http://kidneys.zaslavsky.com.ua

205


http://dx.doi.org/10.4314/sokjvs.v12i3.8
http://dx.doi.org/10.4314/sokjvs.v12i3.8
https://pubmed.ncbi.nlm.nih.gov/16488110/
https://pubmed.ncbi.nlm.nih.gov/16488110/
https://pubmed.ncbi.nlm.nih.gov/16488110/
https://pubmed.ncbi.nlm.nih.gov/16488110/
https://academicjournals.org/articles/search?q=Hepatotoxic+effects+of+low+dose+
https://academicjournals.org/articles/search?q=Hepatotoxic+effects+of+low+dose+
https://academicjournals.org/articles/search?q=Hepatotoxic+effects+of+low+dose+
https://academicjournals.org/articles/search?q=Hepatotoxic+effects+of+low+dose+
https://academicjournals.org/articles/search?q=Hepatotoxic+effects+of+low+dose+
https://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-4/J1106046169.pdf
https://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-4/J1106046169.pdf
https://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-4/J1106046169.pdf
https://www.iosrjournals.org/iosr-jpbs/papers/Vol11-issue6/Version-4/J1106046169.pdf
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15629023&AN=48922846&h=elbDs2ZKO4b%2BCdF0M%2BS8GO%2F7%2F7d6GfEjHu7MYsfHMQrv3YhBB8Ya%2FTBeQY0GYp4ngVXHnUgjawKcoucxVFg4gw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15629023&AN=48922846&h=elbDs2ZKO4b%2BCdF0M%2BS8GO%2F7%2F7d6GfEjHu7MYsfHMQrv3YhBB8Ya%2FTBeQY0GYp4ngVXHnUgjawKcoucxVFg4gw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=15629023&AN=48922846&h=elbDs2ZKO4b%2BCdF0M%2BS8GO%2F7%2F7d6GfEjHu7MYsfHMQrv3YhBB8Ya%2FTBeQY0GYp4ngVXHnUgjawKcoucxVFg4gw%3D%3D&crl=c
https://pubmed.ncbi.nlm.nih.gov/25551610/
https://pubmed.ncbi.nlm.nih.gov/25551610/
https://pubmed.ncbi.nlm.nih.gov/25551610/
https://pubmed.ncbi.nlm.nih.gov/19126754/
https://pubmed.ncbi.nlm.nih.gov/19126754/
https://pubmed.ncbi.nlm.nih.gov/19126754/
https://pubmed.ncbi.nlm.nih.gov/11415943/
https://pubmed.ncbi.nlm.nih.gov/11415943/
https://pubmed.ncbi.nlm.nih.gov/11415943/
https://pubmed.ncbi.nlm.nih.gov/11415943/
https://pubmed.ncbi.nlm.nih.gov/12751907/
https://pubmed.ncbi.nlm.nih.gov/12751907/
https://pubmed.ncbi.nlm.nih.gov/12751907/
https://pubmed.ncbi.nlm.nih.gov/12751907/
https://pubmed.ncbi.nlm.nih.gov/7569979/
https://pubmed.ncbi.nlm.nih.gov/7569979/
https://pubmed.ncbi.nlm.nih.gov/7569979/
https://pubmed.ncbi.nlm.nih.gov/7569979/
https://pubmed.ncbi.nlm.nih.gov/22827614/
https://pubmed.ncbi.nlm.nih.gov/22827614/
https://pubmed.ncbi.nlm.nih.gov/22827614/
https://pubmed.ncbi.nlm.nih.gov/22827614/
https://pubmed.ncbi.nlm.nih.gov/19405384/
https://pubmed.ncbi.nlm.nih.gov/19405384/
https://pubmed.ncbi.nlm.nih.gov/19405384/
https://pubmed.ncbi.nlm.nih.gov/18991741/
https://pubmed.ncbi.nlm.nih.gov/18991741/
https://pubmed.ncbi.nlm.nih.gov/18991741/
https://pubmed.ncbi.nlm.nih.gov/9389890/
https://pubmed.ncbi.nlm.nih.gov/9389890/
https://pubmed.ncbi.nlm.nih.gov/9389890/
https://pubmed.ncbi.nlm.nih.gov/9389890/
https://pubmed.ncbi.nlm.nih.gov/3413108/
https://pubmed.ncbi.nlm.nih.gov/3413108/
https://pubmed.ncbi.nlm.nih.gov/3413108/
https://pubmed.ncbi.nlm.nih.gov/7929318/
https://pubmed.ncbi.nlm.nih.gov/7929318/
https://pubmed.ncbi.nlm.nih.gov/7929318/
https://pubmed.ncbi.nlm.nih.gov/7929318/
https://pubmed.ncbi.nlm.nih.gov/10863540/
https://pubmed.ncbi.nlm.nih.gov/10863540/
https://pubmed.ncbi.nlm.nih.gov/9387104/
https://pubmed.ncbi.nlm.nih.gov/9387104/
https://pubmed.ncbi.nlm.nih.gov/11373340/
https://pubmed.ncbi.nlm.nih.gov/11373340/
https://pubmed.ncbi.nlm.nih.gov/11373340/
https://pubmed.ncbi.nlm.nih.gov/11373340/
https://pubmed.ncbi.nlm.nih.gov/11373340/
https://pubmed.ncbi.nlm.nih.gov/26493866/
https://pubmed.ncbi.nlm.nih.gov/26493866/
https://pubmed.ncbi.nlm.nih.gov/26493866/
https://pubmed.ncbi.nlm.nih.gov/23733436/
https://pubmed.ncbi.nlm.nih.gov/23733436/
https://jbums.org/article-1-10933-en.pdf
https://jbums.org/article-1-10933-en.pdf
https://jbums.org/article-1-10933-en.pdf
https://jbums.org/article-1-10933-en.pdf
https://doi.org/10.1002/ddr.10058
https://doi.org/10.1002/ddr.10058
https://doi.org/10.1002/ddr.10058
https://doi.org/10.1002/ddr.10058
https://doi.org/10.1002/ddr.10058
https://innovareacademics.in/journal/ijpps/Vol4Issue2/3636.pdf
https://innovareacademics.in/journal/ijpps/Vol4Issue2/3636.pdf
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1365810.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1365810.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1365810.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1365810.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1365810.html
https://pubmed.ncbi.nlm.nih.gov/35957703/
https://pubmed.ncbi.nlm.nih.gov/35957703/
https://pubmed.ncbi.nlm.nih.gov/35957703/
https://pubmed.ncbi.nlm.nih.gov/35957703/
https://doi.org/10.1016/j.orggeochem.2008.08.009
https://doi.org/10.1016/j.orggeochem.2008.08.009
https://doi.org/10.1016/j.orggeochem.2008.08.009
https://doi.org/10.1016/j.orggeochem.2008.08.009
https://doi.org/10.1016/j.orggeochem.2008.08.009
https://doi.org/10.1016/j.orggeochem.2008.08.009

OpuwuriHaabHi ctarTi / Original Articles

Emad Mahmoud Eltayef’, Zainab Hudhi Farhood?, Zaman Subhi MadlooF

'Faculty of Science, Mustansiriyah University, Iraq

’Faculty of Education for Pure Science, University of Thi-Qar, Thi-Qar, Iraq

POAb LUMAGAXUTY Y 3MEHLLEHHI TOKCUYHOIO BMAMBY FAYTAMATY HATPIO
HQ piBeHb PEPMEHTIB NeYiHKMN TA PYHKLIIO HUPOK Y GiAMX MULLEn

Pesome. Axryaabnictb. Diyramar Hatpito (MSG) mumpoko
BUKOPUCTOBYETBCSI B XapyoBill MPOMMCIOBOCTI SIK MiICHITIO-
Bay cMaky. Xoya B 0araTboX MOCITIIKEHHSX MiITBEPIKEHO, 1110
TpuBaje croxuBaHHsa MSG Moxke CIPUYMHUTU OKCUIATUBHUI
CTpec y TBapuH, 0COOJMBO B MEYiHLI Ta HUPKaX, Yy Ll poOOTi
OlliHIOBaJIM 0iOXiMiuHi eheKTH, TTOB’sI3aHi 3 TeMaTUTOM i 3ama-
JIEHHSIM HUPOK, CIIPUYMHEHUMHU pisHUMU ao3amu MSG, a ta-
KOX BHBYAQJIM 3aXUCHY [il0 BOIHOTO €KCTPAKTY LIMUJIAIKUTY B
Oinnx Mumeid. MeTa: ouiHuTi Gi0XiMIYHY TOKCUYHICTh PI3HUX
103 TJIyTaMary Hatpiio mono ¢GyHKIiOHAIbHOTO CTaHy HUPOK
i meuinku B Ginux munieii. Marepiaau ta metoau. [T’stnecsr
JIOPOCIIUX MUIIIEH Oy/IM BUTIAAKOBO TIOALIEHI HAa 5 TPYI (IecsaTh
TBapuH y KoxHili). KoHTtponbHa rpyna (G1) orpumyBaja yuc-
Ty BOIY, TOi SIK eKcrepuMeHTaibHa rpyma (G2) — MSG y nosi
2 r/xr Macu tina. Tpetiii rpyni (G3) naBanu taky camy 103y MSG
mwroc 100 Mr/xr ekcTpakrty miamkuty. Yersepra rpyna (G4)
oTpuMyBaia nigsuineHy 103y MSG (4 r/kr), an’sita (G5) — mia-
BuleHy 103y MSG pazom i3 200 Mr/Kr mmiamkuty. JIikyBaHHS

3MilicHIOBAIOCS MepopaabHO 1OAHS IpoTsaroM 14 ni6. Ha 15-it
JIeHb TBapUH YMEPTBWJIM IJis1 OIOXiIMIYHOrO aHali3y 3pasKiB.,
BKJIIOYHO 3 TOKa3HMKaMM (yHKUii HUPOK (CeuyoBMHA, Kpea-
TuHiH) i piBHsIMU depMmenTiB nieuinku (AST, ALT, ALP, GGT).
Pesynbratn. ¥ rpymax G2 i G4, ski orpumyBanu juire MSG,
crioctepiranocs 3HayHe (P < 0,05) minBuineHHsT BMicTy dep-
MeHTiB miedinku (ALP, AST, ALT), 1o cBimuuTh Ipo ii icTOTHE
ypaxeHHs1. HaTOMiCTb €KCTpaKT MIUIAIKUTY CIIPUSIB 3HAYHOMY
3HMKEHHIO 1IUMX MOKA3HUKiB, NEMOHCTPYIOUM IOTEHLIiHY 3a-
XMCHY Iit0 mpoTu TokcuuHocti MSG. BucHoBku. Bucoki no3u
rjyTamary HaTpilo BUKJIMKAIOTh MOpyLIeHHs (YHKILiM nediHku
Ta HUPOK, IO TIPOSIBIISIIOTHCS 30UIBIICHHSIM PiBHS (PepMEHTIB
MEeYiHKM i TTOKa3HUKIB (PyHKIIi1 HUPOK, AKi CBig4yaTh MpO TKa-
HUHHI 1 QyHKUiOHAJbHI YIIKOMKEHHSI Ha TJi OKCUIATUBHOIO
crpecy. Lllunamkut Moxe BifirpaBaTtu 3aXMCHY poJib MPU TaKUX
cTaHax.

Ki11040Bi cJI0Ba: riayramar HaTpilo; IIMIAIXKUT; MediHKa; HUp-
Ku; epMEHTH MeYiHKK; (PYHKLISI HUPOK
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