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ABSTRACT: Carbon tetrachloride (CCl4) causes tissues damage by inducing a state of oxidative stress. This research
was arranged to evaluate the role of L-glutamic acid (L-Glu) against oxidative stress induced by CCl4 in brain and spleen
tissues of rats. Antioxidant profiles were evaluated by estimating the activities of antioxidant enzymes; superoxide
dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST), glutathione peroxidase (GPx), glutathione reductase
(GR) and reduced glutathione (GSH). In addition to this, the lipid peroxidation products content (TBARS and LOOH)
was monitored. Rats were divided into three groups: two experimental (CCl4, CCl4/L-Glu) and Control. The rats of CCl4
group were treated with CCl4 only, CCl4/L-Glu group was treated with CCl4 and L-Glu. Administration of CCl4
reduced the antioxidant enzymes activity in the spleen and brain tissues of rats. Co-treatment of L-Glu restored the
activities of antioxidant enzymes GPx (brain), GST (spleen), GR (spleen, brain) compared to control and CCl4
experimental group of animals. Increased spleen TBARS content was observed in rats treated with CCl4. But this index
didn't change in the CCl4/L-Glu group, which additionally received L-Glu. Results of the present study revealed that LGlu could protect the brain and spleen tissues against oxidative stress induced by CCl4.
KEYWORDS: L-glutamic acid; carbon tetrachloride; antioxidant system; enzymes; oxidative stress.

1. INTRODUCTION
In recent years, more and more attention has been paid to the protective effect of antioxidants against
chemically induced toxicities [1-5]. CCl4 is widely used to induce tissues toxicity. It is the animal model for
studying xenobiotic- and oxidative stress-mediated toxicity in experimental animals [6-8]. CCl4 is
metabolized by cytochrome P-450 enzymes (CYP 2E1 and CYP3A), with the production of the
trichloromethyl radical (CCl3*) [9-12]. This free radical can be fixed in particular to lipids, thus altering their
metabolism or form DNA adducts. CCl4-induced tissues injury results from bioactivation of CCl4 into freeradical metabolites and lipid peroxidation [13-17]. The cellular calcium homeostasis dysfunction may be also
an important factor in CCl4-induced toxicity.
Oxidative stress results in a disproportion between reactive oxygen species (ROS) and antioxidant
defenses. CCl4 exposure causes tissue damage due to the generation of ROS [18-21]. GSH is the most
important antioxidant [22]. Depleting cellular antioxidants such as GSH tends to increase the toxicity of
tissues because CCl4 causes injury through oxidative pathways [23-26].
The motivation of the current study was to search for effective antioxidants which could prevent or
reduce the oxidative stress effects caused by xenobiotics. In particular, in this research, we focused our
attention on aminoacid L-Glu. Glutamic acid plays a central role in the metabolic and biosynthetic pathways
of the organism. L-Glu is a building block of proteins and, accordingly, a key cell energy metabolite [27-31].
Furthermore, it is a substrate to maintain tricarboxylic acid cycle intermediates level [32-38]. L-Glu is a
precursor of the GSH which homeostasis is essential to protect cells from oxidative stress [39]. Our previous
research studies have demonstrated that L-Glu has the antioxidant properties and can suppress free radicals’
generation [25,40,41]. These findings are consistent with those of other authors on ameliorative and
protective effects of L-Glu supplementation under exposure to toxicants [42-44]. These results suggested that
a natural product such as glutamine prevents glutathione depletion and consequently heme oxygenase
induction [45].
The central objective of this research was to investigate the effect of L-Glu under the action of a higher
dose of CCl4 on changes in the enzymatic activity of the antioxidant system in the brain and spleen tissues of
rats.
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2. RESULTS AND DISCUSSION
2.1. Indexes of the antioxidant system.
The use of CCl4 led to a change in the GSH activity in the tissues of two experimental groups of
animals. GSH can participate in reactions with hydroperoxides without the participation of any enzymes. It
can inhibit free radical oxidation when initiating a chain process, capable of reacting with free radicals as
actively as tocopherol [46-48]. From the data presented in Figure 1(a) it can be seen that the level of GSH in
the spleen is significantly reduced (p≤0.05) in the first (CCl4) and second (CCl4/L-Glu) experimental groups
compared with the control group of animals. Depletion of cellular antioxidants, such as glutathione, tends to
increase organ toxicity because CCl4 causes oxidative injury. It can be assumed that the depletion of GSH in
the spleen tissue occurs due to the GST reaction. In this reaction, GSH is conjugated to foreign compounds.
Some authors have linked a decrease of GSH level with ascorbic acid and lipid peroxidation [49]. In brain, on
the contrary, the content of the studied tripeptide elevated (p≤0.05) in the CCl4 and CCl4/L-Glu experimental
groups of animals compared to the control group.
One of the components of the antiperoxide complex is GPx, which including GR and GSH. GR
restores oxidized glutathione formed during the operation of the glutathione-dependent antiperoxide
system. The effectiveness of the GPx mechanism of hydroperoxide reduction depends on the level of the
main hydrogen donor for this reaction - glutathione. As shown by the results of studies (Figure 1(b)), the
activity of GPx decreased (p≤0.05) in the spleen of both groups of animals. The studied enzyme activity in
the brain tissue (CCl4 experimental group) decreased (p≤0.05) compared to the second experimental groups
and control. It can be seen that the GST activity in the spleen of the CCl4 group animals decreased (p≤0.05)
(Figure 1(c)). These data are consistent with the data[50] on the reduction of GPx activity under the action of
CCl4 in the tissues of the spleen and brain.The activity of GST in brain tissue did not change in CCl4 and
CCl4/L-Glu groups compared to the control group.
Maintenance of a sufficient level of the reduced form of glutathione, which is oxidized during the
functioning of glutathione-dependent antiperoxide systems, is carried out by a special enzyme - GR. The
glutathione reductase converts the oxidized form of glutathione (GSSG) to reduced form (GSH). GR and
GPx form an antiperoxide complex (peroxidase neutralizes peroxides to hydrogen and water, and GR
restores GSSG, turning it into a substrate for GPx activity). The activity of GR reduced in the spleen and
brain tissues of the CCl4 group animals comparing to the control and CCl4/L-Glu experimental group
(Figure 2(a)). The spleen and brain tissues are very sensitive to the action of CCl4. As shown by [51] the
spleen and brain tissues had the highest fold expression of NF-κB, while the other mediators in the target
organs had varying degrees of fold expressions. It is worth noting that the GR activity in rats of the CCl4/LGlu group did not change and remained at the level of control values. G6PDH activity in the spleen tissue of
both study groups was slightly reduced (Figure 2(b)). The activity of G6PDH in the brain of the CCl4 and
CCl4/L-Glu experimental groups was significantly reduced (p≤0.05).
The CAT enzymatic activity in the brain is only a few percent of its level in the liver. As shown by our
results (Figure 3(a)), the activity of CAT in brain tissue decreased very significantly (p≤0.05) in the CCl4 and
CCl4/L-Glu groups of animals, respectively, by 3.70 and 3.59 times compared to the control group of rats.
Zargar et al. reported a significantly decrease in CAT activity and GSH level in brain under theCCL4
exposure [52]. No changes in the test enzyme were found in the spleen tissue of rats. SOD plays a major role
in the enzymatic chain of the endogenous antioxidant defense system. The most important highly active
metabolite of the dismutation reaction is hydrogen peroxide, which is formed as a result of biochemical
reactions occurring in the endoplasmic reticulum, peroxisomes, mitochondria, cell cytosol. As shown by the
results (Figure 3(b)), the SOD activity decreased in the brain of the first and second experimental groups by
1.44 and 1.26 times.
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Figure 1. Effect of L-Glu on the GSH content (a), GPx (b) and GST (c) activities in rat tissues. Data are means ± S.E.M;
n=10.
* Significantly different from the control group with (P < 0.05); ^Significantly different from the first experimental group
with (P < 0.05).
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Figure 2. Effect of L-Glu on GR(a) and G6PDH(b) activities in rat tissues. Data are means ± S.E.M; n=10.
* Significantly different from the control group with (P < 0.05); ^ Significantly different from the first
experimental group with (P < 0.05).

2.2. Indexes of free radical processes.
As a result of the body's vital activity, about 65% of the total amount of hydrogen peroxide is formed,
which is considered a necessary metabolite and participates in the implementation of various physiological
functions of the body. In addition, hydrogen peroxide as a strong oxidant has a toxic effect on the cell.
Therefore, it is very important to maintain a normal level of hydrogen peroxide and prevent its
accumulation in the body. As shown by the results of studies (Figure 4(a)), the content of LOOH did not
change in any of the studied groups of animals.
In this study, we have shown that oxidative stress induced by CCl4, manifested by increase TBARS
content in the spleen tissue (p≤0.05) by 1.57 times (Figure 4(b)). The TBARS activity in the second
experimental group (CCl4/L-Glu), which additionally received L-Glu, did not change.
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Figure 3. Effect of L-Glu on CAT (a)and SOD (b)activities in rat tissues. Data are means ± S.E.M; n=10.
* Significantly different from the control group with (P < 0.05); ^Significantly different from the first experimental group
with (P < 0.05).
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Figure 4. Effect of L-Glu on the LOOH (a) and TBARS (b) content in rat tissues. Data are means ± S.E.M; n=10.
* Significantly different from the control group with (P < 0.05); ^Significantly different from the first experimental group
with (P < 0.05).

ROS plays also a crucial role in the pathogenesis of various human organs, including the liver, brain,
heart, lung, spleen, and kidney. The liver is the main organ exposed to CCl4 toxicity. Other organs can also
be affected by its toxicity. Free radicals’ production will increase the ROS level in the liver. As a result,
oxidative stress, inflammation, fibrosis, and necrosis and, in turn, hepatic damage. This damaging effect in
the liver will lead to changes and inflammatory response in the other organs, in particular, brain and spleen
[53-55]. In this paper, we focused on studying the effects of L-Glu against CCl4-induced toxicity in the spleen
and brain tissues (systemic toxicity). Various reports revealed that CCl4 plays a determinative role in spleen
and brain injury [56-58].
The current study detected decrease in the redox state markers GPX, GST, GR, G6PDH, CAT and SOD
in brain tissue compared to those in the control group. The high level of ROS, leading to membrane lipids
peroxidation (high spleen TBARS level), which resulted in the exhaustion of the spleen GSH, GPX, GR. The
administration of L-Glu to improve the spleen oxidative stress condition caused by CCl4 injection. L-Glu
exhibited an ameliorating impact on the CCl4-induced toxicity, particularly, in the spleen tissue. The
antioxidant defense system of brain is more sensitive to oxidative stress compared to other organs. The CCl4
crosses the blood-brain barrier, because it is lipophilic. Then CCl4 accumulate in the brain and lead to
neurotoxicity [57]. Ritesh et al. have found that the single hepatotoxic dose of CCl4 causes more severe
oxidative stress in the brain compared to the liver [58].
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3. CONCLUSION
The present study demonstrated that CCl4 leads to oxidative stress by depleting the antioxidant
enzymes activity in the spleen and brain tissues of animals. The treatment with L-Glu partially attenuated
the CCl4-induced tissues toxicity. L-Glu protects cells against CCl4 intoxication by improving the antioxidant
enzymes such as GPx (brain), GR (brain, spleen), and GST (spleen). The experimental group of rats treated
with L-Glu showed a significant reduction in spleen TBARS levels when compared with that of the CCl4induced group. Our results indicate that L-Glu supplementation might reduce and facilitate problems
caused by oxidative stress. However, additional research is required to find out the exact mechanisms the LGlu efficacy.
4. MATERIALS AND METHODS
4.1. Chemicals
All reagents used were obtained from Sigma-Aldrich (USA).
4.2. Experimental animals
Male Rats came from the Research Center of the Institute of Animal Biology NAAS (Ukraine). The
animals were kept under standard vivarium conditions (t ° 22 ± 2 ° C, light / dark cycle – 12/12 h). All rats
had ''ad libitum'' access to feed and water. This study was carried out according to the ethical standards of
the European Directiveon the protection of animals used for Scientific Purposes (Strasbourg, 2010) and Law
of Ukraine “On Protection of Animals from Cruel Treatment” (2006) [59,60].
4.3. Experimental design
Studies were carried out on male Wistar rats (weighing 200–220 g). The rats were divided into three
groups: two experimental (CCl4, CCl4/L-Glu) and Control, 10 animals in each group. The duration of the
experiment - 24 h. Two groups of experimental rats (CCl4 and CCl4/L-Glu) were intraperitoneally received
CCl4, administrated as emulsions in corn oil (ratio 1:1) at the dose of 3,5 ml/kg. After that, the CCl4/L-Glu
experimental group of rats was injected intraperitoneally with L-Glu (an aqueous solution) at the dose of 750
mg/kg. The control group of rats were administered the appropriate amount of saline and corn oil. After
that animals of all groups were sacrificed. Before euthanasia by cervical dislocation rats were anesthetized
by inhalation of isofurane (2%) for 2 min. After that the animals were decapitated. The brain and spleen
tissues were frozen in liquid nitrogen and stored at −80 °C for further analysis.
4.4. Tissues preparation
The brain and spleen tissue samples were homogenized (Tris HCl buffer pH 7.4). The ratio of tissues
and medium was 1:10 (weight: volume).The homogenate is then centrifuged at 15000×g (15 min at 4°C). The
supernatant was used for determining the antioxidant enzymes activities, reduced glutathione and lipid
peroxidation products content.
4.5. Biochemical indices determination
Glutathione peroxidase activity (GPx, EC 1.11.1.9) was determined by the glutathione recovery rate in
the presence of NADPH, as described earlier [61]. The activity of GPx was reportedas nmolGSH/min/mg
protein. Glutathione reductase activity (GR, EC 1.6.4.2) was determined by catalyzing the NADPHdependent reduction of GSSG, as described previously [61] and expressed in µmol NADPH/ min/ mg
protein. Glutathione transferase activity (GST, EC 2.5.1.18) was determined in the reaction of 1-chloro-2,4dinitrobenzene with GSH [61]. The activity of GST was measured in µmol/min/mg protein. The reduced
glutathione content (GSH) was quantified in the reaction between GSH SH-groups and 5,’5’-dithio-bis(2nitrobenzoic acid) [61]. GSH content was reported in mmolGSH/per gram of tissue. Glucose-6-phosphate
dehydrogenase activity (G6PDH) was determined as described by [61]. The activity of G6PDH was finally
reported in µmol NADP+/min·mg of protein. The superoxide dismutase activity (SOD, EC 1.15.1.1) was
evaluated by the level of inhibition of the rate of nitroblue tetrazolium (NBT)-reduction in the presence of
NADH and phenazine methosulfate. The enzyme activity was expressed in conventional units CU/mg
protein. The catalase activity(CAT, EC 1.11.1.6) was evaluated by monitoring the formation of a stable
colored complex of hydrogen peroxide and molybdenum saltsandmeasured in µmol/min/mg protein. The
lipid hydroperoxides concentration (LOOH) was calculated by the difference between experimental and
control values, as described previously[62] and expressed in standard units/per gram of tissue. The content
http://dx.doi.org/10.29228/jrp.224
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of thiobarbituric acid reactive substances products (TBARS) was measured by reaction between malonic
dialdehyde and thiobarbituric acid, as described previously [62]. The TBARS content was expressed in nmol
of TBARS/ per gram of tissue.
4.6. Statistical Analysis
In the present study, the experimental data were analyzed with multivariate statistical methods
ANOVA using Statistica 12 software (StatSoft Inc., Tulsa, OK, USA).
Acknowledgements: This research has no acknowledgment.
Author contributions: NS: Conceptualization, Methodology, Validation, Investigation, Formal analysis, Writing –
Original draft preparation, Visualization.
Conflict of interest statement: The authors declare no conflict of interest.

REFERENCES
[1]

Hrelia S, Angeloni C. New Mechanisms of Action of Natural Antioxidants in Health and Disease.
Antioxidants.2020; 9: 344.[CrossRef]

[2]

Xiaoming L, Xiaohuan L, Yupeng Z, Cheng C, Jingna F, Jinting Z, Garstka M, Zongfang L. Hepatoprotective effect
of apolipoprotein A4 against carbon tetrachloride induced acute liver injury through mediating hepatic antioxidant
and inflammation response in mice. Biochem Biophys Res Commun. 2020; 534: 659-665.[CrossRef]

[3]

Ighodaro OM, Akinloye O.A. First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant defence grid. Alexandria Med J.
2018; 54: 287–293. [CrossRef]

[4]

Cheng N, Ren N, Gao H, LeiX, Zheng J, Cao W. Antioxidant and hepatoprotective effects of Schisandra
chinensis pollen extract on CCl4-induced acute liver damage in mice. Food Chem Toxicol. 2013; 55:234240.[CrossRef]

[5]

Iorga, A, Dara L.Cell death in drug-induced liver injury. Adv Pharmacol. 2019; 85: 31-74.[CrossRef]

[6]

McGill MR, Jaeschke H. Animal models of drug-induced liver injury. Biochim Biophys Acta Mol Basis Dis.2019;
1865:1031-1039.[CrossRef]

[7]

Nevzorova YA, Boyer-Diaz Z, Cubero FJ, Gracia-Sancho J. Animal models for liver disease – A practical approach
for translational research. J Hepatol. 2020;73: 423–440.[CrossRef]

[8]

Zheng Y, Cui B, Sun W,Wang S, Huang X, Gao H, Gao F, Cheng Q, Lu L, An Y, Li X, Sun N. Potential Crosstalk
between Liver and Extra-liver Organs in Mouse Models of Acute Liver Injury. Int J Biol Sci. 2020;16: 11661179.[CrossRef]

[9]

Liu, J, Lu, J, Wen, X, Kan,J, Jin, C. Antioxidant and protective effect of inulin and catechin grafted inulin against
CCl4-induced liver injury. Int J Biol Macromol.2015; 72:1479-1484.[CrossRef]

[10] Ernst L, Zieglowski L, Schulz M, Moss M, Meyer M, Weiskirchen R, Palme R, Hamann M, Talbot SR, Tolba RH.
Severity assessment in mice subjected to carbon tetrachloride. Sci Rep.2020; 10: 15790.[CrossRef]
[11] Zhao Z, Hou Y, Zhou W, Keerthiga R, Fu A. Mitochondrial transplantation therapy inhibit carbon tetrachlorideinduced liver injury through scavenging free radicals and protecting hepatocytes. Bioeng Transl Med. 2020; 6:
e10209.[CrossRef]
[12] Ren X, Xin LT, Zhang M-Qi, Zhao Q, Yue SY, Chen K-X, Guo YW, Shao CL, Wang CY. Hepatoprotective effects of a
traditional Chinese medicine formula against carbon tetrachloride-induced hepatotoxicity in vivo and in vitro.
Biomed Pharmacother. 2019; 117: 109190. [CrossRef]
[13] Wang WJ, Jiang L, Ren YM, Shen MY, Xie JH. Characterizations and hepatoprotective effect of polysaccharides
fromMesona blumesagainst tetrachloride-induced acute liver injury in mice. Int J Bio Macromol. 2019; 124: 788-795.
[CrossRef]
[14] Kouam AF, Owona BA, Fifen R, Njayou FN, Moundipa PF. Inhibition of CYP2E1 and activation of Nrf2 signaling
pathways by a fraction from Entada africana alleviate carbon tetrachloride-induced hepatotoxicity. Heliyon. 2020;
6: e04602. [CrossRef]
[15] Boll M, Weber LW, Becker E, Stampfl AZ. Mechanism of carbon tetrachloride-induced hepatotoxicity.
Hepatocellular damage by reactive carbon tetrachloride metabolites. Naturforsch C J Biosci. 2001;56: 649659.[CrossRef]
http://dx.doi.org/10.29228/jrp.224
J Res Pharm 2022; 26(5): 1323-1330

1328

Salyha.
Ameliorative effect of L-Glutamic acid against CCl4-induced
oxidative stress

Journal of Research in Pharmacy

Research Article

[16] Pergel A, Tümkaya L, Çolakoğlu MK, Demiral G, Kalcan S, Özdemir A, Mercantepe T, Yilmaz A. Effects of
infliximab against carbon tetrachloride-induced intestinal injury via lipid peroxidation and apoptosis. Hum Exp
Toxicol. 2019; 8: 1275-1282.[CrossRef]
[17] Hamed H, Gargouri M, Bellassoued K, Ghannoudi Z, Elfeki A, Gargouri A. Cardiopreventive effects of camel milk
against carbon tetrachloride induced oxidative stress, biochemical and histological alterations in mice. Arch Physiol
Biochem. 2018;124: 253-260.[CrossRef]
[18] Brown DA, Perry JB, Allen ME, Sabbah HN, Stauffer BL, Shaikh SR, Cleland JG. Mitochondrial function as a
therapeutic target in heart failure. Nat Rev Cardiol. 2017; 14: 238–250.[CrossRef]
[19] Deniz GY, Laloglu E, Koc K. Hepatoprotective potential of Ferula communis extract for carbon tetrachloride
induced hepatotoxicity and oxidative damage in rats. Biotech Histochem. 2019; 4: 1–7.[CrossRef]
[20] Zhou Y, Peng C, Zhou Z, Huang K. Ketoconazole pretreatment ameliorates carbon tetrachloride-induced acute
liver injury in rats by suppressing inflammation and oxidative stress. J Toxicol Sci. 2019; 44: 405-414.[CrossRef]
[21] Ustuner D, Colak E, Dincer M, Tekin N, Burukoglu D, Akyuz F, Colak E, Kolac UK, Entok E, Ustuner M.
Posttreatment Effects of Olea Europaea L. Leaf Extract on Carbon Tetrachloride-Induced Liver Injury and
Oxidative Stress in Rats. J Med Food. 2018; 29:1–6. [CrossRef]
[22] Nuhu F, Gordon A, Sturmey R, Seymour A, Bhandari S. Measurement of Glutathione as a Tool for Oxidative Stress
Studies by High Performance Liquid Chromatography. Molecules. 2020; 25:4196.[CrossRef]
[23] Ritesh KR, Suganya A, Dileepkumar HV, Rajashekar Y, Shivanandappa T. A single acute hepatotoxic dose of
CCl4 causes oxidative stress in the rat brain. Toxicol Rep. 2015; 2: 891-895.[CrossRef]
[24] Safhi MM. Nephroprotective Effect of Zingerone against CCl4-Induced Renal Toxicity in Swiss Albino Mice:
Molecular Mechanism. Oxid Med Cell Longev. 2018; Article ID 2474831. [CrossRef]
[25] Salyha N. Effects of L-glutamic acid and pyridoxine on glutathione depletion and lipid peroxidation generated by
epinephrine-induced stress in rats. Ukr Biochem J. 2018; 90: 102- 110.[CrossRef]
[26] Dutta S, Chakraborty AK, Dey P, Kar P, Guha P, Sen S, Kumar A, Sen A, Chaudhuri TK. Amelioration of CCl4
induced liver injury in swiss albino mice by antioxidant rich leaf extract of Croton bonplandianus Baill. PLOS ONE.
2018; 1-30. [CrossRef]
[27] Cynober L. Metabolism of dietary glutamate in adults. Ann Nutr Metab. 2018; 73: 5–14. [CrossRef]
[28] Yoo HC, Yu YC, Min Han YSJ. Glutamine reliance in cell metabolism. Exp Mol Med. 2020, 52, 1496–1516.[CrossRef]
[29] Hou Y, Wu G. L-glutamate nutrition and metabolism in swine. Amino Acids. 2018; 50: 1497–1510.[CrossRef]
[30] Tomé D. The roles of dietary glutamate in the intestine. Ann Nutr Metab. 2018; 73: 15–20. [CrossRef]
[31] Salyha N.O. L-glutamic acid effect on changes in biochemical parameters of rats intoxicated by carbon
tetrachloride. Animal Biology. 2021;23(1):18-22.[CrossRef]
[32] Walker MC, van der Donk WA. The Many Roles of Glutamate in Metabolism. J Ind Microbiol Biotechnol. 2016; 43:
419–430.[CrossRef]
[33] Xue H, Field CJ. New role of glutamate as an immunoregulator via glutamate receptors and transporters. Front
Biosci. 2011; 3:1007–1020.[CrossRef]
[34] Magi S, Piccirillo S, Amoroso S. The dual face of glutamate: from a neurotoxin to a potential survival factor—
metabolic implications in health and disease. Cell Mol Life Sci. 2019; 76: 1473-1488. [CrossRef]
[35] Tabassum S, Ahmad S, Madiha S, Shahzad S, Batool Z, Sadir S, Haider S. Free L-glutamate-induced modulation in
oxidative andneurochemical profle contributes to enhancement in locomotor and memory performance in male
rats. Sci Rep. 2020; 10: 1-13. [CrossRef]
[36] Ballester M, Sentandreu E, Luongo G, Santamaria R, Bolonio M, Isabel M, Balaguer A. Glutamine/glutamate
metabolism rewiring in reprogrammed human hepatocyte-like cells. Sci Rep. 2019; 9: 1-12. [CrossRef]
[37] Young VR, Ajami AM. Glutamate: An Amino Acid of Particular Distinction. J Nutr. 2000; 130: 892S–900S.[CrossRef]
[38] Almeida EB, Santos JM, Paixão V, Amaral JB, Foster R. L-Glutamine Supplementation Improves the Benefits of
Combined-Exercise Training on Oral Redox Balance and Inflammatory Status in Elderly Individuals. Oxid Med
Cell Longev. 2020; 13. [CrossRef]
[39] Lu SC. Glutathione synthesis. Biochim Biophys Acta. 2013; 1830: 3143-3153.[CrossRef]
[40] Salyha N.O. L-glutamic acid effect on changes in biochemical parameters of rats intoxicated by carbon
tetrachloride. Animal Biology. 2021;23(1):18-22.[CrossRef]
http://dx.doi.org/10.29228/jrp.224
J Res Pharm 2022; 26(5): 1323-1330

1329

Salyha.
Ameliorative effect of L-Glutamic acid against CCl4-induced
oxidative stress

Journal of Research in Pharmacy

Research Article

[41] Salyha N, Salyha Y. Protective role of l-glutamic acid and l-cysteine in mitigation the chlorpyrifos induced
oxidative stress in rats. Environ Toxicol Pharmacol. 2018; 64: 155-163. [CrossRef]
[42] Turkez H, Geyikoglu F, Yousef MI, Celik K, Bakir TO. Ameliorative effect of supplementation with L-glutamine on
oxidative stress, DNA damage, cell viability and hepatotoxicity induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin in
rat hepatocyte cultures. Cytotechnology. 2012; 64(6):687–699. [CrossRef]
[43] Abraham P, Isaac B. The effects of oral glutamine on cyclophosphamide-induced nephrotoxicity in rats. Hum Exp
Toxicol. 2011;30(7):616-23. [CrossRef]
[44] Gonzales S, Polizio AH, Erario MA, Tomaro ML. Glutamine is highly effective in preventing in vivo cobalt-induced
oxidative stress in rat liver. World J Gastroenterol. 2005;11(23):3533-3538. [CrossRef]
[45] Schemitt EG, Hartmann RM, Colares JR, Jéferson O Salvi FL, Marroni CA, Marroni NP. Protective action of
glutamine in rats with severe acute liver failure. World J Hepatol 2019;11(3): 273-286. [CrossRef]
[46] Anderson ME. Assay of the enzymes of glutathione biosynthesis. Anal Biochem. 2022; 644:114218.[CrossRef]
[47] Aoyama K. Glutathione in the Brain. Int J Mol Sci. 2021;22(9):5010. [CrossRef]
[48] Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and functional foods: Impact on human health.
Pharmacogn Rev. 2010;4(8):118-26.[CrossRef]
[49] Zargar S, Siddiqi NJ, Al Daihan SK, Wani TA. Protective effects of quercetin on cadmium fluoride induced
oxidative stress at different intervals of time in mouse liver. Acta Biochim. Pol. 2015; 62: 207–213. [CrossRef]
[50] Habashy NH, Kodous AS, Abu-Serie MM. Targeting ROS/NF-κB signaling pathway by the seedless black Vitis
vinifera polyphenols in CCl4-intoxicated kidney, lung, brain, and spleen in rats. Sci Rep. 2021; 11:16575.[CrossRef]
[51] Abu-Serie MM, Hamouda AF, Habashy NH. Acacia senegal gum attenuates systemic toxicity in CCl4-intoxicated
rats via regulation of the ROS/NF-κB signaling pathway. Scientifc Reports. 2021; 11:20316. [CrossRef]
[52] Zargar S, Wani TA. Protective Role of Quercetin in Carbon Tetrachloride Induced Toxicity in Rat Brain:
Biochemical, Spectrophotometric Assays and Computational Approach. Molecules. 2021; 26(24): 7526. [CrossRef]
[53] Bisht S, Khan MA, BekhitM, Bai H, Cornish T et al. A polymeric nanoparticle formulation of curcumin (NanoCurc)
ameliorates CCl 4-induced hepatic injury and fbrosis through reduction of pro-infammatory cytokines and stellate
cell activation. Lab Investig. 2011; 91: 1383–1395.[CrossRef]
[54] Laleman W, Claria J, Van Der Merwe S, Moreau R, Trebicka J. Systemic infammation and acute-on-chronic liver
failure: too much, not enough. Can. J. Gastroenterol. Hepatol. 2018; 1027152. [CrossRef]
[55] Xiao J, Liong EC, Ching YP, Chang RC, So KF, Fung ML, Tipoe GL. Lycium barbarum polysaccharides protect mice
liver from carbon tetrachloride-induced oxidative stress and necroinflammation. J Ethnopharmacol.
2012;139(2):462-470. [CrossRef]
[56] Jiang L, Huang J, Wang Y, Tang H. Metabonomic analysis reveals the CCl4-induced systems alterations for
multiple rat organs. J. Proteome Res. 2012; 7: 3848–3859.[CrossRef]
[57] Unsal V, Cicek M, Sabancilar İ. Toxicity of carbon tetrachloride, free radicals and role of antioxidants. Rev Environ
Health. 2021; 36(2): 279–295.[CrossRef]
[58] Ritesh K, Suganya A, Dileepkumar H, Rajashekar Y, Shivanandappa T. A single acute hepatotoxic dose of CCl4
causes oxidative stress in the rat brain. Toxicol Rep. 2015; 2: 891–895.[CrossRef]
[59] Directive 2010/63/EU of the european parliament and of the council of 22 September 2010 on the protection of
animals used for scientific purposes. Official Journal of the European Union L276/33. 86/609/EC. 20.10.2010.
[60] Law of Ukraine ““On Protection of Animals from Cruel Treatment””Vidomosti Verhovnoi Rady Ukrainy – Official
Bulletin of the Verkhovna Rada of Ukraine 2006, 21 February, 27.
[61] Salyha NO. Activity of the glutathione system of antioxidant defense in rats under the actionof L-glutamic acid.
Ukr Biokhim Zhurn. 2013; 85: 40-47.[CrossRef]
[62] Rosalovsky VP, GrabovskaSV, Salyha YuT. Changes in glutathione system and lipid peroxidation in rat blood
during the first hour after chlorpyrifos exposure. Ukr Biochem J. 2015; 87: 124-132.[CrossRef]
This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

http://dx.doi.org/10.29228/jrp.224
J Res Pharm 2022; 26(5): 1323-1330

1330

