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Abstract

Background: Monosodium glutamate (MSG) is a widely-used flavor enhancer and stabilizer in ready-made or packaged foods. The
excessive use of MSG has been shown to increase oxidative stress in different organ systems and causes glucose metabolism disor-
ders, obesity, and coronary diseases.
Objectives: In this study, the antioxidant activity of tannic acid was investigated experimentally with respect to its protective effects
against overdosed MSG-induced oxidative stress in rats. The study took place in Turkey in August 2013.
Methods: Four groups (n = 7) of three- to four-month-old Sprague-Dawley female rats were used in this study. The first group was the
control, who were administered saline. The second group received tannic acid (50 mg/kg, 3 days) intraperitoneally (i.p.). The third
group received MSG (2 g/kg, 7 days) i.p., and the fourth group received both tannic acid (50 mg/kg, 3 days, pretreatment) and MSG
(2 g/kg, 7 days) i.p. The animals were euthanized ten days later. Blood was collected for determining the hematological values and
blood glucose levels. Superoxide dismutase (SOD) and malondialdehyde (MDA) levels were determined in the brain, liver, and kidney
homogenates, and in the erythrocyte hemolysate. Histopathological examination of the brain, liver, and kidneys was conducted
through hematoxylin-eosin staining.
Results: The data showed that the tannic acid treatment statistically decreased the MDA levels in the brain tissues of the group
administered MSG and tannic acid (P < 0.001) when compared to the corresponding values of the control group. The SOD activities
in the blood hemolysates of the MSG and tannic acid group increased when compared to the corresponding values for the MSG group
(P < 0.01). Additionally, we found that pretreatment with tannic acid reduced blood glucose levels in comparison to the levels of
the MSG group (P = 0.029). The results of our study show that tannic acid pretreatment in adult rats decreased blood glucose levels
and oxidative stress.
Conclusions: In the literature, it was observed that short-term MSG exposure does not cause significant histological changes in the
kidneys, liver, or brain cortex. These findings should be re-evaluated in additional long-term studies.
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1. Background

Oxygen is very important for life. However, some reac-
tive oxygen species have the potential of damaging cells
and tissues (1). Reactive oxygen species (ROS) formed as a
result of metabolic processes are more chemically active
when compared to molecular oxygen (2). ROS are capable
of causing damage to cellular components, and base dam-
age is mostly caused by ROS. ROS can also disrupt the struc-
ture of DNA (3).

Monosodium glutamate (MSG) is a sodium salt of glu-
tamic acid (4). MSG is widely used as a flavor enhancer
in the marinades of red meat, fish, chicken, vegetables,
sauces, soups, and pre-packaged foods (5). MSG has been
shown to have negative effects on glucose metabolism.
More specifically, overdoses of MSG have been shown to
cause Type 2 diabetes in several test models (6). It is known
that high doses of MSG in fetal and small rodents increases
body weight and fat mass (7). Thus, MSG may affect human
body weight as well. Additionally, overdoses can also dam-
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age organs. MSG specifically impairs the brain’s physical
functions and causes oxidative damage (8). Furthermore,
excess MSG may cause sudden neuron death (9). The in
vivo neurotoxic effects of MSG are related to acute degen-
erative changes and chronic neurodegenerative defects,
such as in vivo hypoglycemia, ischemia, trauma, multisys-
tem atrophy, Huntington’s disease, and both dementia and
amyotropic Alzheimer’s disease (10). Furthermore, it has
been shown that MSG overdose during the neonatal period
causes disorders in learning and memory mechanisms,
and can impair the neural system, retinas, and kidneys.
Moreover, in older subjects, MSG overdose has been shown
to cause neurodegenerative diseases, obesity, infertility,
growth retardation, Parkinson’s disease, and epilepsy (11).

The antioxidant vitamins C and E and the polypheno-
lic compound quercetin have been shown to be effective
against MSG-induced damage in rat livers, kidneys, and
brains (12). Tannins have several pharmacological prop-
erties, such as anticancer, antioxidant, and antimicrobial
activity. Tannins are generally divided into two groups:
hydrolysable and nonhydrolysable. Hydrolysable tannins
are gallotannins and ellagitannins (13). Tannic acid is rich
with tannins, and is widely found in plants and plant-based
products such as tea, coffee, grapes, and nuts. Tannic acid
functions to defend the plant against predators (14-16). Fur-
thermore, the antioxidant effects of tannic acid have been
reported to remove free radicals such as Fe and Cu metals
from the environment of human lymphocyte DNA damage
mediated by H2O2 (17). In addition, tannic acid has also
been shown to regulate blood glucose levels (13).

2. Objectives

In this study, we aimed to evaluate the following pa-
rameters in the blood, kidney, liver, and brain tissues of
rats in order to determine the biological effects of MSG
overdose and the antioxidant tannic acid: hematologi-
cal evaluation, histological analysis, blood glucose level,
superoxide dismutase (SOD) level, and malondialdehyde
(MDA) level.

3. Methods

3.1. Animals

In this experimental study, 28 three- to four-month-old
Sprague-Dawley female rats weighting 250 to 300 g were
used, which were obtained from the medical and surgi-
cal experimental research center in Eskisehir, Turkey. The
experiment was performed after a stabilization period in
the medical faculty laboratory at the department of medi-
cal biology, Eskisehir Osmangazi University for seven days.

This study was approved by the local animal ethics com-
mittee of Eskisehir Osmangazi university in Turkey (Ap-
proval number: 2013/62-363). All animals were housed in
polycarbonate cages in a room with a controlled temper-
ature (22 ± 2°C) and humidity level (50 ± 5%). The ani-
mals had a 12-hour light and dark cycle. The animals were
fed laboratory pellet chow and water ad libitum, and were
placed into four groups consisting of seven rats per group.

3.2. Experimental Design

The groups were treated with normal saline as a con-
trol (n = 7), MSG (n = 7), tannic acid (n = 7), or MSG and tan-
nic acid (n = 7). The MSG group was given MSG (2 g/kg), and
the tannic acid group was given tannic acid (50 mg/kg) for
seven days. The combination MSG and tannic acid group
was given only tannic acid for three days in advance for pro-
tection, and then tannic acid (50 mg/kg) and MSG (2 g/kg)
were injected intraperitoneally (i.p.) for seven days.

3.3. Biochemical Analyses

All of the animals were euthanized under anesthesia
at the end of the experiment. The brains, livers, and kid-
neys were harvested and cleared of peripheral tissues. The
blood glucose levels were measured using an IME-DC de-
vice (IME-DC GmbH, Hof, Germany). The hematologic eval-
uations were performed on blood samples using a Coul-
ter LH 750 device (Beckman Coulter Inc., Florida, USA). The
tissue samples were washed in 0.9% NaCl solution (iso-
tonic) containing 0.16 mg/mL heparin to prepare the ho-
mogenates. Then, isotonic saline solution was added to
the tissue. The tubes were homogenized at 8,000 cycles for
10 seconds on ice (UltraTurrax T25, Janke and Kunkel IKA,
Staufen, Germany). The homogenates were centrifuged at
3,000 g for 10 minutes at 4°C. The supernatants were trans-
ferred to vials and kept frozen at -80°C until the measure-
ment period. The erythrocyte hemolysates were prepared
using the method reported by Sun et al. (18). The SOD ac-
tivity was measured spectrophotometrically in tissue ho-
mogenates and erythrocyte hemolysates by a previously
described method (18). Briefly, the MDA levels were mea-
sured spectrophotometrically through thiobarbituric acid
reactive substance formation as a lipid peroxidation prod-
uct according to the method of Mihara and Uchiyama in
tissue homogenates and erythrocyte hemolysates (19).

3.4. Histopathological Evaluation

The tissue samples were fixed in 10% formaldehyde and
then dehydrated in alcohol solution by a follow-up rou-
tine application method and embedded in paraffin. These
tissues were used for histopathological examination. Five
micrometer (µm) thick serial sections were stained with
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hematoxylin-eosin and analyzed histologically using a
photomicroscope (Olympus BH 2, Tokyo, Japan).

3.5. Statistical Analysis

Statistical analysis was performed using SPSS for Win-
dows (ver. 20, SPSS Inc., Chicago, IL, USA). A Shapiro-Wilk
test was used to determine the normality of variable dis-
tribution. The parametric data with a normal distribution
are presented as mean ± standard deviation (SD).

According to the bootstrap method, comparison be-
tween groups by one-way analysis of variance (ANOVA) and
a Tukey post-hoc test was conducted for multiple compar-
isons. The results that did not show a normal distribution
are shown from the 25th percentile to the 75th percentile
in relation to the median. A Kruskal-Wallis test was per-
formed with the Dunn method for multiple comparisons.
A value of P < 0.05 was considered statistically significant.

4. Results

The data indicated that the neutrophil and basophil
percentages changed significantly. The neutrophil per-
centage increased significantly in the combined MSG and
tannic acid group when compared to the control group (P
< 0.01). In the combined MSG and tannic acid group, the
basophil percentage decreased (P < 0.01). In the tannic
acid group, the lymphocyte percentage increased, but re-
mained within the average value limits (P > 0.05, Table 1).

The tannic acid treatment increased hemoglobin lev-
els in comparison to those of the control group (P < 0.01).
However, the values remained within the average limits.
The combination of MSG and tannic acid decreased the
platelet volumes in comparison to the corresponding val-
ues of the control group (P < 0.01, Table 2).

We also examined the blood glucose values. The blood
glucose values in the combined monosodium glutamate
and tannic acid group decreased when compared to the
values for the other groups. The decrease of blood glu-
cose values was especially significant compared to the cor-
responding levels for the tannic acid group (P < 0.001) and
the MSG group (P = 0.029, Figure 1).

The SOD activities and MDA concentrations in the
brain, liver, and kidney tissue homogenates and blood
hemolysates were determined. The SOD activities were not
different in the brain, liver, and kidney homogenates (P =
0.135, P = 0.809, and P = 0.343, respectively). There was a dif-
ference between the groups regarding the blood SOD activ-
ities (P = 0.01). The blood SOD enzyme levels in the MSG and
tannic acid group increased in comparison to the levels of
the MSG group (P < 0.01, Table 3).

The MDA concentrations in the brain homogenates
were significantly different (P < 0.001). The MDA levels
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Figure 1. Blood Glucose Values

in the tannic acid and the combined tannic acid and MSG
group significantly decreased in comparison to the values
of the control group (P < 0.001 and P < 0.001, respectively).
The MDA levels in the brain homogenates of the tannic acid
group and the combined tannic acid and MSG group sig-
nificantly decreased when compared to the levels for the
monosodium glutamate group (P < 0.001 and P < 0.001,
respectively). There were no statistical differences between
the MDA levels present in the liver, kidney, and blood ho-
mogenates (P = 0.079, P = 0.522, and P = 0.265, respectively)
(Table 4).

The histological analysis indicated that the kidney cor-
tex and medulla were similar to the control group (Figure
2). There were no pathologies such as inflammatory cell
increase, bleeding, fluid retention, or tubular cell necrosis
observed. The liver tissues were analyzed for inflammatory
cells, fluid retention, bleeding, congestion, and necrosis.
However, there were no histopathological findings (Figure
3). The pyramidal and granular neurons were examined in
the brain cortex, and no significant neuron degeneration
was observed (Figure 4).

5. Discussion

Previous studies have shown MSG causes oxidative
stress and damage in the brain, kidneys, and liver (20-22).
MSG has been shown to impair brain functions and cause
oxidative damage (20). In this study, we observed that tan-
nic acid significantly reduced the levels of MDA induced by
MSG in the brain, and increased the blood SOD enzyme lev-
els in the MSG and tannic acid group. These results show
that tannic acid as an antioxidant protects against the ox-
idative stress caused by MSG.

Previous studies on obese rats reported that MSG alters
glucose metabolism and causes insulin resistance (23). The
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Table 1. Neutrophil, Monocyte, Eosinophil, Basophil, and Lymphocyte Values in the Experimental Groups

Groups Neutrophil Monocyte Eosinophil Basophil Lymphocyte

%a x103 /µLb %a x103 /µLa %a x103 /µLa %a x103 /µLa %b x103 /µLb

Control (1) 5.4 (2 - 5.9) 0.24 ± 0.16 0.8 (0.6 - 6) 0.1 (0 - 1.1) 1.5 (0.7 - 4.8) 0.1 (0 - 0.1) 16.18 (16.18 - 19.4) 0.3 (0.1 - 0.9) 64.06 ± 9.02 4.47 ± 2.80

Tannic Acid (2) 7.7 (3.2 - 14.5) 0.3 ± 0.2 0.7 (0.3 - 4.8) 0 (0 - 0.2) 2.5 (1.3 - 8.1) 0.1 (0 - 0.3) 9.2 (0.2 - 3.1) 0.3 (0 - 0.4) 79.06 ± 7.11 2.94 ± 0.76

MSG (3) 5.58 (5.2 - 5.7) 0.3 ± 0.25 2.15 (0.6 - 2.7) 0 (0 - 0.1) 0.8 (0 - 4.7) 0.05 (0 - 0.1) 3.5 (0.3 - 1.4) 0 (0 - 0.78) 73.52 ± 17.16 2.4 ± 1.35

MSG and Tannic
Acid (4)

32.4 (24.9 - 38.2) 1.5 ± 1.3 9.3 (0.2 - 8.2) 0.1 (0 - 0.9) 1.5 (0.3 - 3.77) 0.1 (0 - 0.22) 0.7 (0.2 - 3.1) 0 (0 - 0.12) 50.87 ± 9.59 2.73 ± 1.5

P Value 0.001 0.006 0.609 0.361 0.691 0.412 0.008 0.377 0.001 0.159

Multiple
Comparisons

1 - 4: 0.001, 2 - 4: 0.001,
3 - 2: 0.001

1 - 4: 0.013, 3 - 4: 0.019 - - - - 1 - 4: 0.005 - 2-4: 0.005, 3 - 2: 0.001 -

a Kruskal-Wallis test, data are presented as median (25th percentile to 75th percentile).
b One-way ANOVA; data are presented as mean ± standard deviation.

Table 2. The Results of Blood Parameters in the Experimental Groups

Groups % Mean
Corpuscular
Hemoglobin

Concentra-
tion (MCHC),

g/dLa

Mean
Platelet
Volume

(MPV), fLa

White Blood
Cells (WBC),

103/µLa

Red Blood
Cells (RBC),

106/µLa

Hemoglobin
(HGB), g/dLa

Mean
Corpuscular

Volume
(MCV), fLa

Hematokrit
(HCT), %a

Mean
Corpuscular
Hemoglobin
(MCH), pga

Platelet
(PLT),

103/µLa

Red Blood
Cell

Distribution
Width

(RDW), %b

Platelet
Distrubition

Width
(PDW), %b

Control (1) 32.6 ± 0.86 6.11 ± 0.54 4.7 ± 2.02 6.6 ± 0.73 12.2 ± 1.9 56.3 ± 5.1 37.4 ± 5.6 18.4 ± 2 733 ± 171 15.7 (12.6 - 17.7) 16.9 (15.8 -
17.6)

Tannic Acid
(2)

33.7 ± 0.34 5.42 ± 0.28 3.7 ± 0.75 6.9 ± 0.54 13.2 ± 0.7 56.6 ± 2.3 39.2 ± 1.8 19 ± 0.9 884 ± 165 13.8 (13.5 - 15.1) 16 (15.8 - 16.1)

MSG (3) 33.23 ± 0.34 5.32 ± 0.13 3.6 ± 2.50 6.8 ± 0.19 12.9 ± 0.7 56.8 ± 2.1 38.7 ± 2.1 18.9 ± 0.6 793 ± 105 14.3 (13.3 - 15.4) 16.22 (16.2 -
16.3)

MSG and
Tannic Acid
(4)

33.5 ± 0.54 5.35 ± 0.42 5.5 ± 2.83 7.1 ± 0.45 13 ± 1.3 56.2 ± 3 40 ± 2.9 18.8 ± 0.8 861 ± 179 14.58 (11.5 -
16.7)

16.1 (15.8 - 16.5)

p valuea 0.008 0.001 0.359 0.342 0.493 0.988 0.545 0.692 0.291 0.737 0.106

Multiple
Compar-
isons

1 - 4:0.035, 1 -
3: 0.007

1 - 3: 0.011, 1 - 2:
0.003, 1 - 4:

0.004

a One-way ANOVA; data are presented as mean ± standard deviation.
b Kruskal-Wallis test; data are presented as median (25th percentile to 75th percentile).

Table 3. SOD Levels of Brain, Liver, and Kidney Tissue Homogenates and Blood Hemolysates

Groups Brain SOD, % Inhibitiona Liver SOD, % Inhibitionb Kidney SOD, % Inhibitionb Blood SOD, % Inhibitiona

Control (1) 39.5 (39.3 - 39.6) 38.9 ± 0.2 30.5014 ± 2.6 36.3 (34.5 - 37.1)

Tannic Acid (2) 39.2 (38.9 - 39.3) 38.9 ± 0.3 29.3857 ± 2.6 37.4 (36.1 - 38.2)

MSG (3) 39.4 (39.2 - 39.5) 39.1 ± 0.2 31.1886 ± 3.1 36.6 (35.2 - 37.9)

MSG and Tannic Acid (4) 39.3 (39.1 - 39.3) 38.9 ± 0.2 31.8143 ± 1.7 38.5 (38.1 - 38.9)

P value 0.132 0.752 0.343 0.01

Multiple Comparisons - - - 1 - 4: 0.008

a Kruskal-Wallis test; data are presented as median (25th percentile to 75th percentile).
b One-way ANOVA; data are presented as mean ± standard deviation.

catechins are phenolic compounds in tannic acid that pre-
vent Type 2 diabetes (24). Tannic acid reduces the blood glu-
cose in adipose tissue by activating glucose transportation
and the insulin signaling pathway. We observed that MSG
increases blood glucose values. Although the blood sugar
level was increased in the MSG-treated group, it appears as
though the pretreatment with tannic acid ultimately re-
duced blood glucose levels.

A previous study reported that MSG injected i.p. at a

dose of 4 mg/g of animal bodyweight increased MDA lev-
els in the liver, kidney, and brain. Additionally, oxidative
damages in rat livers, kidneys, and brains have been shown
to be reduced by using vitamin C, E, and quercetin, which
are all known antioxidants. Dietary polyphenols such as
tannic acid and quercetin have highly effective ferric re-
ducing and scavenging free radical power, and act as elec-
tron donors. Along these lines, Pulido et al. indicated that
tannic acid showed the highest antioxidant efficiency be-
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Table 4. MDA Enzyme Levels of Brain, Liver, and Kidney Tissue Homogenates and Blood Hemolysates

Groups Brain MDA, nmol/mLa Liver MDA, nmol/mLa Kidney MDA, nmol/mLb Blood MDA, nmol/gHbb

Control (1) 1.6 ± 0.23 1.07 ± 0.31 1.340 (1.252 - 2.965) 1.510 (1.130 - 2.275)

Tannic Acid (2) 0.94 ± 0.16 0.97 ± 0.26 1.440 (1.303 - 0.475) 0.420 (0.420 - 1.705)

MSG (3) 1.4 ± 0.19 1.59 ± 0.68 1.390 (1.252 - 1.457) 0.770 (0.623 - 1.273)

MSG and Tannic Acid (4) 0.89 ± 0.93 1.22 ± 0.41 1.960 (1.460 - 3.418) 2.170 (0.730 - 2.920)

P Value < 0.001 0.079 0.522 0.265

Multiple Comparisons 1 - 4: < 0.001, 1 - 3: < 0.001, 3 - 4: 0.001

a One-way ANOVA; data are presented as mean ± standard deviation.
b Kruskal-Wallis test, data are presented as median (25th percentile to 75th percentile).

Figure 2. Normal Histological Appearance of Renal Cortex Section Represented for all Experimental Groups (H and E)

MSG, monosodium glutamate; TA, tannic acid.

tween gallic and caffeic acid in vitro (25, 26).

This study in rats also demonstrated that the MDA level
was increased by MSG, but was decreased with vitamin C,
vitamin E, and the polyphenolic compound quercetin. It
has been also shown that quercetin in combination with
vitamin C protects the brain from membrane damage (12).
Another study involved the administration of MSG to rats
at doses of 0.6 mg/g and 1.6 mg/g body weight for 14 days.
In this study, the authors showed that low doses of MSG
led to changes in both liver and kidney functions. These
changes were apparent in detoxifying organs such as the
liver and kidneys (23). In contrast, our findings indicate
that MSG and tannic acid do not cause significant histolog-
ical changes in the kidney, liver or brain cortex. Prior stud-
ies examining MSG changes also showed that there were
increased MDA levels in the brain and kidney and reduced
SOD levels (12).

In this study, we used the antioxidant tannic acid to
protect the animals before MSG treatment. Although sev-
eral studies have shown that tannic acid has an effective
antioxidant capacity by increasing antioxidant enzymes,
the present study indicated that tannic acid administra-
tion alone did not reveal an increase in antioxidant activity
of SOD compared to the control group, which is in agree-
ment with El-Sayed’s results (27). We found that tannic acid
pretreatment in adult rats reduced the blood glucose and
MDA increases caused by MSG. Additionally, tannic acid ef-
fectively increased the blood SOD enzyme levels. We think
that tannic acid can also reduce the side effects in neonatal
and non-adult rats caused by MSG. Short-term MSG use did
not cause significant histological changes in kidney, liver
or brain cortex. It can therefore be asserted that the his-
tological evaluations would be more effective after longer
applications.
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Figure 3. Valve Liver Sections Represented for all Experimental Groups Showing Normal Hepatocytes (H and E)

MSG, monosodium glutamate; TA, tannic acid.

Figure 4. Normal Histological Appearance of the Cerebral Cortex Section Represented for all Experimental Groups (H and E)

MSG, monosodium glutamate; TA, tannic acid.

5.1. Conclusion

There has been no study on the effects of tannic acid on
oxidative stress induced by MSG in the literature, although
it has been shown that MSG induces oxidative stress in rats.
This is the first study to our knowledge showing that tan-
nic acid effects MSG levels. Future studies that use differ-
ent doses and/or extended treatment periods are needed

to further support these results.

Footnotes

Authors’ Contribution: All of the authors approved the
content of the manuscript, contributed significantly to the
research, and were involved the writing of the manuscript.

6 Iran Red Crescent Med J. 2016; 18(10):e37912.

http://ircmj.com/


Ugur Calis I et al.

Didem Turgut Cosan, Hulyam Kurt, Hasan Veysi Gunes, and
Irfan Degirmenci were responsible for the study concep-
tion and design, preparing the draft of the manuscript,
and making critical revisions to the paper for important
intellectual content and English editing. Ibrahim Ugur
Calis, Faruk Saydam, Umut Kerem Kolac, Ahu Soyocak, and
Zeynep Ozdemir Koroglu were responsible for the data col-
lection and laboratory analysis. Varol Sahinturk was re-
sponsible for the histological analysis. Fezan Sahin Mutlu
was responsible for the statistical evaluations.

Conflict of Interest: The authors declare that they have no
conflict of interest.

References

1. Diplock A. In: Healty lifestyles nutrition and physical activity. Gurr M,
editor. Blagium: ILSI Europe; 1998. pp. 16–21.Antioxidant nutrients.

2. Nawar WW. In: Food Chemistry. 3 ed. Fennema OR, editor. New York:
Marcel Dekker; 1996. Lipids.

3. Kaur C, Kapoor HC. Antioxidants in fruits and vegetables - the
millennium’s health. Int J Food Sci Technol. 2008;36(7):703–25. doi:
10.1111/j.1365-2621.2001.00513.x.

4. Ninomiya K. Natural occurrence. Food Rev Int. 1998;14(2-3):177–211.
5. Loliger J. Function and importance of glutamate for savory foods. J

Nutr. 2000;130(4S):915–20. [PubMed: 10736352].
6. Islam MS, Wilson RD. Experimentally induced rodent models of type

2 diabetes. Methods Mol Biol. 2012;933:161–74. doi: 10.1007/978-1-62703-
068-7_10. [PubMed: 22893406].

7. Tordoff MG, Aleman TR, Murphy MC. No effects of monosodium
glutamate consumption on the body weight or composition
of adult rats and mice. Physiol Behav. 2012;107(3):338–45. doi:
10.1016/j.physbeh.2012.07.006. [PubMed: 22868067].

8. Nagakannan P, Shivasharan BD, Thippeswamy BS, Veerapur VP.
Restoration of brain antioxidant status by hydroalcoholic extract
of Mimusops elengi flowers in rats treated with monosodium glu-
tamate. J Environ Pathol Toxicol Oncol. 2012;31(3):213–21. [PubMed:
23339696].

9. Lemkey-Johnston N, Reynolds WA. Nature and extent of brain lesions
in mice related to ingestion of monosodium glutamate. A light and
electron microscope study. J Neuropathol Exp Neurol. 1974;33(1):74–97.
[PubMed: 4812326].

10. Rajagopal SS, Lakshminarayanan G, Rajesh R, Dharmalingam SR, Ra-
mamurthy S, Chidambaram K, et al. Neuroprotective potential of Oci-
mum sanctum (Linn) leaf extract in monosodium glutamate induced
excitotoxicity. Afr J Pharm Pharmacol. 2013;7(27):1894–906.

11. Narayanan SN, Kumar RS, Paval J, Nayak S. Effect of ascorbic acid
on the monosodium glutamate-induced neurobehavioral changes
in periadolescent rats. Bratisl Lek Listy. 2010;111(5):247–52. [PubMed:
20568412].

12. Farombi EO, Onyema OO. Monosodium glutamate-induced oxidative
damage and genotoxicity in the rat: modulatory role of vitamin C,
vitamin E and quercetin. HumExp Toxicol. 2006;25(5):251–9. [PubMed:
16758767].

13. Liu X, Kim JK, Li Y, Li J, Liu F, Chen X. Tannic acid stimulates glucose
transport and inhibits adipocyte differentiation in 3T3-L1 cells. J Nutr.
2005;135(2):165–71. [PubMed: 15671208].

14. Gulcin I, Huyut Z, Elmastas M, Aboul-Enein HY. Radical scavenging
and antioxidant activity of tannic acid. Arab J Chem. 2010;3(1):43–53.
doi: 10.1016/j.arabjc.2009.12.008.

15. Turgut Cosan D, Saydam F, Ozbayer C, Doganer F, Soyocak A, Gunes HV,
et al. Impact of tannic acid on blood pressure, oxidative stress and uri-
nary parameters in L-NNA-induced hypertensive rats. Cytotechnology.
2015;67(1):97–105. doi: 10.1007/s10616-013-9661-4. [PubMed: 24306272].

16. Thorington RWJ, Ferrell KE. Squirrels: the animal answer guide. USA:
JHU Press; 2006.

17. Wu LT, Chu CC, Chung JG, Chen CH, Hsu LS, Liu JK, et al. Effects of
tannic acid and its related compounds on food mutagens or hydro-
gen peroxide-induced DNA strands breaks in human lymphocytes.
Mutat Res. 2004;556(1-2):75–82. doi: 10.1016/j.mrfmmm.2004.07.004.
[PubMed: 15491634].

18. Sun Y, Oberley LW, Li Y. A simple method for clinical assay of superox-
ide dismutase. Clin Chem. 1988;34(3):497–500. [PubMed: 3349599].

19. Mihara M, Uchiyama M. Determination of malonaldehyde precursor
in tissues by thiobarbituric acid test. Anal Biochem. 1978;86(1):271–8.
[PubMed: 655387].

20. Shivasharan BD, Nagakannan P, Thippeswamy BS, Veerapur VP. Pro-
tective Effect of Calendula officinalis L. Flowers Against Monosodium
Glutamate Induced Oxidative Stress and Excitotoxic Brain Damage in
Rats. Indian J Clin Biochem. 2013;28(3):292–8. doi: 10.1007/s12291-012-
0256-1. [PubMed: 24426226].

21. Paul MV, Abhilash M, Varghese MV, Alex M, Nair RH. Protective ef-
fects of alpha-tocopherol against oxidative stress related to nephro-
toxicity by monosodium glutamate in rats. Toxicol Mech Meth-
ods. 2012;22(8):625–30. doi: 10.3109/15376516.2012.714008. [PubMed:
22827614].

22. Bhattacharya T, Bhakta A, Ghosh SK. Long term effect of monosodium
glutamate in liver of albino mice after neo-natal exposure. Nepal Med
Coll J. 2011;13(1):11–6. [PubMed: 21991693].

23. Tawfik MS, Al-Badr N. Adverse Effects of Monosodium Glutamate
on Liver and Kidney Functions in Adult Rats and Potential Protec-
tive Effect of Vitamins C and E. Food Nutr Sci. 2012;3(5):651–9. doi:
10.4236/fns.2012.35089.

24. Crespy V, Williamson G. A review of the health effects of green tea
catechins in in vivo animal models. J Nutr. 2004;134(12):3431–40.
[PubMed: 15570050].

25. Candan N, Tuzmen N. Very rapid quantification of malondialde-
hyde (MDA) in rat brain exposed to lead, aluminium and phe-
nolic antioxidants by high-performance liquid chromatography-
fluorescence detection. Neurotoxicology. 2008;29(4):708–13. doi:
10.1016/j.neuro.2008.04.012. [PubMed: 18550174].

26. Pulido R, Bravo L, Saura-Calixto F. Antioxidant activity of di-
etary polyphenols as determined by a modified ferric reduc-
ing/antioxidant power assay. J Agric Food Chem. 2000;48(8):3396–402.
[PubMed: 10956123].

27. El-Sayed IH, Lotfy M, El-Khawaga OA, Nasif WA, El-Shahat M. Prominent
free radicals scavenging activity of tannic acid in lead-induced oxida-
tive stress in experimental mice. Toxicol IndHealth. 2006;22(4):157–63.
[PubMed: 16786837].

Iran Red Crescent Med J. 2016; 18(10):e37912. 7

http://dx.doi.org/10.1111/j.1365-2621.2001.00513.x
http://www.ncbi.nlm.nih.gov/pubmed/10736352
http://dx.doi.org/10.1007/978-1-62703-068-7_10
http://dx.doi.org/10.1007/978-1-62703-068-7_10
http://www.ncbi.nlm.nih.gov/pubmed/22893406
http://dx.doi.org/10.1016/j.physbeh.2012.07.006
http://www.ncbi.nlm.nih.gov/pubmed/22868067
http://www.ncbi.nlm.nih.gov/pubmed/23339696
http://www.ncbi.nlm.nih.gov/pubmed/4812326
http://www.ncbi.nlm.nih.gov/pubmed/20568412
http://www.ncbi.nlm.nih.gov/pubmed/16758767
http://www.ncbi.nlm.nih.gov/pubmed/15671208
http://dx.doi.org/10.1016/j.arabjc.2009.12.008
http://dx.doi.org/10.1007/s10616-013-9661-4
http://www.ncbi.nlm.nih.gov/pubmed/24306272
http://dx.doi.org/10.1016/j.mrfmmm.2004.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15491634
http://www.ncbi.nlm.nih.gov/pubmed/3349599
http://www.ncbi.nlm.nih.gov/pubmed/655387
http://dx.doi.org/10.1007/s12291-012-0256-1
http://dx.doi.org/10.1007/s12291-012-0256-1
http://www.ncbi.nlm.nih.gov/pubmed/24426226
http://dx.doi.org/10.3109/15376516.2012.714008
http://www.ncbi.nlm.nih.gov/pubmed/22827614
http://www.ncbi.nlm.nih.gov/pubmed/21991693
http://dx.doi.org/10.4236/fns.2012.35089
http://www.ncbi.nlm.nih.gov/pubmed/15570050
http://dx.doi.org/10.1016/j.neuro.2008.04.012
http://www.ncbi.nlm.nih.gov/pubmed/18550174
http://www.ncbi.nlm.nih.gov/pubmed/10956123
http://www.ncbi.nlm.nih.gov/pubmed/16786837
http://ircmj.com/

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals
	3.2. Experimental Design
	3.3. Biochemical Analyses
	3.4. Histopathological Evaluation
	3.5. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 1
	Table 3
	Table 4
	Figure 2
	Figure 3
	Figure 4

	5. Discussion
	5.1. Conclusion

	Footnotes
	Authors' Contribution
	Conflict of Interest

	References

