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Abstract: Purpose: Our study aimed to evaluate the therapeutic effect of L-Arginine onneuron damage induced byhigh dose of
monosodium glutamate in brain of Swiss albino mice using histopathological and histochemical examinations. Design/ Methodology/
Approach: Twenty animals were divided into four groups: control group; neurotoxicity model group, arginine treated group and
neurotoxicity model- arginine treated group. The experimental period was ten successive days. Findings: Administration of L-Arginine
in neurotoxicity model animals resulted in marked ameliorations of cerebellum damage observed in neurotoxicity model group as
evidenced by reappearance of normal histological structure and Nissl's granules in Purkinje cells and restore lost cells of granular
layers. In conclusions, the administration of L-Arginine could suppress the neurotoxicity induced by high dose of monosodium
glutamate. We suggest that L-Arginine may be useful in combating neuron damage.
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1. Introduction

Neurodegenerative diseases (as amyotrophic lateral
sclerosis, Parkinson's disease, Alzheimer's disease, fatal
familial insomnia, and Huntington's disease) affect millions
of people worldwide. It is characterized by degeneration
and/or death of neurons[1-2].Excess monosodium glutamate
cause sudden neuron death through release of excitatory
amino acids mainly glutamate in process called exitotoxicity
process[3-4]. Therefore, it has been used in both acute and
chronic degenerative diseases, as focal and global ischemia,
hypoxia or traumatic brain injury, Parkinson’s disease,
Alzheimer’s disease, Huntington’s chorea, spinocerebellarde
generations, amyotrophic lateral sclerosis [3,5, 6]. This
confirmed also by Zhang, et al., [7], who stated that excess
monosodium glutamate administration (4.0 g/kg/d, ig, ten
days) induced behavioral disorders (hyperactivity,
disturbance of cooperation movement ability, and lesions of
learning and memory), neuronal degeneration and necrosis
as investigation histological.

Negative effects of excess uses of monosodium glutamate
was investigated in various organs as thymus [8], brain [9],
pancreas [10], testis [11], liver and kidney [12-13], and also
its extensive uses was linked with several diseases as
obesity, hypertension, headaches, asthma exacerbation,
neurotoxic effects and detrimental effects on the
reproductive organs [14]. Recently, Hajihasan et al.,[15],
reported ingestion of foodstuffs rich in in monosodium
glutamate can result in the outbreak of several health
disorders such as neurotoxicity, hepatotoxicity, obesity and
diabetes.

Cerebellum is represented about ten percent of the total
weight of brain, and is contained approximately half of the
brain's neurons, specialized cells that transmit information
via electrical signals [16]. It receives information from the
sensory systems (spinal cord, and other parts of the brain),
and then regulates motor movements. The cerebellum also
coordinates voluntary movements such as posture, balance,

coordination, and speech, resulting in smooth and balanced
muscular activity [17-18]. Newer findings shown that
cerebellum has been implicated in the regulation of differing
functional such as affection, emotion and behavior as well as
language, attention, and mental imagery [19-20].

L-Arginine (2-amino-5-guanidino-pentanoic acid) is one
of essential amino acid, considered as a normal constituent
of the body and is found rich in natural foods as dairy
products, nuts, sea foods, wheat flour, and seeds[21] that
participates in multiple biochemical processes in mammals
as protein synthesis, urea cycle, synthesis of amino ,nitric
oxide (NO), polyamines, creatine, agmatine, and other
guanidino compounds acids [22]. It considered as precursor
of NO, enhances memory development [23-24]. Nitric
oxide is considered as a vital neuromodulator and is
involved in learning, synaptic plasticity, long-term
potentiation and the consolidation of long-term memory
[25]. This confirm by Law, et al., [26], who suggested that
depletion of NO generation which observed in aging may
have a role in senile memory impairment. Moreover, Hami
etal., [27], revealed that pretreatment with L-arginine (300
mg/kg, i.p.) during 7 consecutive days prevent Parkinson’s
diseases in Balb/c mice induced by 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine.Likewise, Lundblad et al., [28]
& Garry et al, [29], recorded that L-arginine
administration increase cerebral blood flow and reduce
neurological damage after experimental traumatic brain
injury.

Therefore, the aim of this paper was designed to study the
amelioration effect of L-arginine on brain damage induced
by excess monosodium glutamate administration in Swiss
albino mice using histopathological and histochemical
studies.
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2. Materials and methods

Animals

Twenty Male Swiss albino mice aged 9 — 12 weeks and
weighing 25 -30 gm were used in this study. Animals were
obtained from animal house of National Organization for
Drug Control and Research (NODCAR) in Giza, Egypt.
Animals were supplied with standard commercial diet
pellets and water that Ad-labium, kept in plastic cages for 7
days to be accommodated with our laboratory conditions
before treatment. All male Swiss albino mice were grouped
and housed according to the guidelines of the institutional
animal's ethics committee of NODCAR. All the
experimental procedures were carried out accordance with
international guidelines for the care and use of laboratory
animals

Chemicals

Monosodium Glutamate (MSG) salt (Shanghai Bio Life
Science & Technology Co., Ltd. (China)) was fresh
prepared by dissolved in distilled water to prepare desired
dose 4gm/kg.bw according to Zhang., et al., [7], for oral
administration by oral gavage via metal intragastric tube for
10 days. L-Arginine (Cayman chemical company, USA) was
fresh prepared by dissolved in distilled water to prepare
desired dose 100mg/kg.bw according to Sanchez-Fidalgo,
et al., [30], to administrate orally by oral gavage via metal
intragastric tube for 10 days.

Experimental Groups

Animals were divided randomly into equal four groups as
follows: Control group: in this group animals treated orally
with distil water (1ml/kg.bw); Neurotoxicity model group:
animals orally administrated monosodium glutamate
(4gm/kg.bw) according to Zhang., et al., [7].; Arginine
treated group: mice treated orally with L-Arginine at dose
100mg/kg.bw according to  S&nchez-Fidalgo, et al., [30];
and Neurotoxicity model-arginine treated group: animals
treated with high dose of monosodium glutamate
(4gm/kg.bw) simultaneous with L-Arginine (100mg/kg.bw).
The experimental period was 10days.At end of
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experimental, the animals were subjected to cervical
dislocation; dissection and brain tissues were freshly
collected directly and immediately transferred to 10%
formalin to use in histopathological and histochemical
examinations.

Histopathological and histochemical investigations

After 24 hours, the specimens were washed, dehydrated in
ascending grades of alcohol, cleared in xylene and
embedded in paraffin wax. Five micron thick paraffin
sections were prepared, mounted on clean slides and stained
with  Ehrlich's  haematoxylin-eosin ~ for histological
examination [31] and toluidine blue stain for demonstration
of Nissl's granules.

3. Results

H&E examination of cerebellum in brain:

Light microscopic examination of H&E stained sections
from control group showed that cerebellum formed of
successive three layers: molecular layer; Purkinje cell layer,
and granular layer was the innermost. Purkinje layer
appeared as one row of Purkinje cells that have flask shaped
with apical dendrites and have pale basophilic cytoplasm
and a central vesicular nuclei with prominent nucleoli.
Closely packed granule cells formed granular layer (Figure
1a).on another hand, cerebellum section from Neurotoxicity
model group revealed disorder of Purkinje layer with severe
degenerated Purkinje cells with pyknotic nuclei as well as
wide area of empty spaces. In addition to, cells of the
granular layer showed markedly loss (Figure 1b) compared
to control group (Figure 1a).

While L-Arginine treated group showed normal
histological structure of three layers (molecular, Purkinje
and granular layers. When administration excess
monosodium glutamate simultaneous with L-Arginine
revealed reappearance of intact histological structure of
Purkinje cells and restores lost cells of granular layers
compared to neurotoxicity model group (Figure 1b).

: Ca s RN A
Figure 1: A photomicrograph of cerebellum section staining with H&E, X 200), from: (a) control group showing
normal appearance of three layers: molecular (M), Purkinje (P) and granular (G) layers. Purkinje layer consisted from one
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row of Purkinje cells with flask shaped and apical dendrites (arrow)., (b) Neurotoxicity model group showing distribution
degenerated Purkinje cells with pyknotic nuclei (arrow) and empty spaces (s) in Purkinje layer (P). Granular layers (G)
revealed marked loss of its cells., (C)Arginine treated group showing normal histological structure of three layers (molecular
(M), Purkinje (P) and granular (G) layers)., and (d)Neurotoxicity model-arginine treated group showing reappearance of
intact Purkinje cells (arrow) and restore lost cells of granular (G) layers (G).

Toluidine blue staining (demonstration Nissl's granules)
Cerebellum section from control group stained with
toluidine blue showed Nissl's granules in cytoplasm of
Purkinje cells that surrounded vesicular nuclei (Figure 1a).
In contrast, Neurotoxicity model group showed some
Purkinje cells pale with pyknotic nuclei and faintly
appearance cytoplasm (few Nissl's granules) and others

show shrunken deeply stained (Figure 1b) compared to
control group (Figure 1a). When animals treatment with
excess monosodium glutamate and L-Arginine showed
reappearance of normal Purkinje cells with restore Nissl's
granules in their cytoplasm (Figure 1c)compared to
neurotoxicity model group (Figure 1b).
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Figure 2: A photomicrograph of cerebellum section staining with toluidine blue, X 1000 from: (a) control group showing
Nissl's granules surrounded vesicular centrally nuclei of Purkinje cells (arrow head)., (b) Neurotoxicity model group showing
some Purkinje cells appears pale with pyknotic nuclei and faintly appearance (few Nissl's granules ) of their cytoplasm (arrow

head) and others show shrunken deeply stained (arrow), and (c) Neurotoxicity model-arginine treated group showing
reappearance of Nissl's granules in cytoplasm of Purkinje cells surrounding the centrally nuclei (arrow head).

4. Discussion

Aim of this current study is to evaluate the amelioration
effect of L-Arginine (100mg/kg.bw) on a model of
neurotoxicity induced by excess monosodium glutamate
administration (4gm/kg.bw) for ten days. Our results
demonstrated that administration of excess monosodium
glutamate can caused neuron damage, severe degenerated
Purkinje cells with pyknotic nuclei and loss of granular layer
cells compared to control group. It also caused loss of Nissl's
granules in cytoplasm of Purkinje cells as evidenced by
toluidine blue staining. These observed neurotoxicity were
agreement with work done by Zhang, et al., [7]; Yu, et al,,
[32], Zhang, et al., [33]and could be attributed to excessive
activation of glutamate receptor which causes enhanced
increasing Ca2+ and Na+ influx that triggers a cascade of
enzymatic activities which resulting in neuronal cell death
and therefore dramatically changing the normal cellular
physiology [7, 34]. Excessive Ca2+ induced from abnormal
stimulation of glutamate receptor caused activation of
number of intracellular mechanisms that are potential
sources of reactive oxygen species (ROS) [35-36].

Production of reactive oxygen species resulted in a series of
intracellular events such as lipid peroxidation, protein
oxidation and protein cross-linking that cause cell death [37]

Another reason for observed neurotoxicity of excess
monosodium glutamate in current study is enhancing
reactive oxygen species, malonaldehyde, and oxidative
stress [13,15, 38]. Reactive oxygen species caused
disruption of cellular metabolism and lipids, carbohydrates,
proteins and nucleic acids damage. Oxidative stress is
associated with many human diseases as neurodegenerative
diseases, diabetes, cardiovascular diseases, atherosclerosis,

inflammatory ~ bowel  disease,  osteoporosis  and
carcinogenesis [39-40].
A neurotoxic effect of monosodium  glutamate

administration on neonatal was recorded by Bodnar et al.,
[41]. Administration of monosodium glutamate resulted in
distortion of hypothalamus neurons in rats that lead to
several metabolic abnormalities as growth disturbances, self
mutilation, pseudo-obesity and hypogonadism [42-43].
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On another hand, treatment neurotoxicity model animals
with L-Arginine resulted in marked amelioration of the
histological alterations observed in cerebellum of brain that
induced by excess monosodium glutamate administration as
evidenced by reappearance of intact Purkinje cells and
restore cells of granular layers as well as return appearance
of Nissl's granules in Purkinje cells that disappearance in
animals treated with excess monosodium glutamate. These
were confirmed by work done by Hami et
al.,[27]&Hosseini, et al., [44].These observed curative
effects of L-Arginine on neurotoxicity of excess
monosodium glutamate could be attributed to increase anti-
oxidative enzymes [45]and attenuation of oxidative stress
and malonaldehyde in brain tissues [27] as well as scavenge
of free radicals [46]. L-arginine has ability to interact with
superoxide anion, directly or indirectly through NO [46, 47].
Malondialdehyde is the end-products of lipid peroxidation
[48]. Its level was increase after ovariectomy and associated
with declination activity of antioxidative enzymes [49].

Another explanation of modulation role of L-arginine
against neurotoxicity induced by excess monosodium
glutamatein the present study is production of nitric oxide
and modulation of glutamate reuptake into neural cells so
decreasing extracellular glutamate levels, and attenuating
glutamate neurotoxicity [27].L-arginine is a semi-essential
amino acid and has important roles in the function of normal
brain. It is oxidized to nitric oxide. L-arginine and nitric
oxide play a modulatory role in the brain, and are involved
in  synaptogenesis, synaptic plasticity, neurogenesis,
neuroprotection, memory and learning function, and
neuroendocrine secretion [50]. Nitric oxide also promotes
easy and efficient flow of blood through the blood vessels
going to the brain [29].

In conclusion, the results of the present study showed that
L-arginine prevent neurotoxicity induced by excess
monosodium glutamate through production nitric oxide and
amelioration histological alterations in brain tissues.
Conflicts of interest

The authors have no conflicts of interest to declare.
References

[1] Hengartner MO: The biochemistry of apoptosis.

Nature  2000;407:770-776.  External  Resources
Pubmed/Medline (NLM(Crossref (DOI)
[2] What is Neurodegenerative Disease?". JPND

Research. JPND Research. Retrieved February 7,
2015.

[8] ZhangH Y, He Z R, YiJ, GuJ, LiuW. C. et
al.,Morphological Study on Excitotoxic Neuro-
degeneration of Exogenous Glutamate in New Born
Rat Brain.Chi-nese Journal of Anatomy, 2002,Vol. 25,
No. 4: 345- 349.

[4] JiangM, Sun H and ZhangYQ. Excitotoxic Effect of
Glutamate on the Afferent Neurons in Guinea Pig.
Journal of Central South University (Medical
Sciences), 2004, 29 (2):170-173.

[5]

6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Nishizawa Y. Glutamate Release and Neuronal
Damage in Ischemia. Life Science, 2001, 69 (4): 369-
381.

Alberghina Land ColangeloAM., The Modular Sys-
tems Biology Approach to Investigate the Control of
A- poptosis in Alzheimer’s Disease
Neurodegeneration. BMC Neuroscience, 2006, 7(1):
27-32.d0i:10.1186/1471-2202-7-27

Zhang Y, HuangZ, Yu L, ZhangL. Protective Effects
of  Tetramethylpyrazine on  Glutamate-Induced
Neurotoxicity in Mice . Journal of Behavioral and
Brain Science, 2012, 2: 326-332.

Pavlovic V, Pavlovic D, Kocic G, Sokolovic D,
JevtovicStoimenovT, Cekic S, et al. Effect of
monosodium  glutamate onoxidative stress and
apoptosis in rat thymus. Mol Cell Biochem. 2007,
303:161-166.

Calis 1 U, TurgutCosan D, Saydam F, KeremKolac
U,Soyocak A, Kurt H, et al. The effects of
monosodium glutamate and tannic acid on adult rats.
Iran Red Crescent Med J, 2016, 18e:37912.

Farombi EO, Onyema OO. Monosodium glutamate-
induced oxidative damage and genotoxicity in the rat:
modulatory role of vitamin C, vitamin E and quercetin.
Hum ExpToxicol., 2006, 25: 251-259.

Onakewhor JU, Oforofuo 1A, Singh SP. Chronic
administration of monosodium glutamate induces
oligozoospermia and glycoen accumulation in Wistar
rat testes. Afr J Reprod Health,2017, 2:37-43.

Ortiz GG, Bitzer-Quintero OK, Zarate CB,
RodriguezReynoso S, Larios-Arceo F, Velazquez-
Brizuela IE, et al. Monosodium glutamate-induced
damage in liver and kidney: a morphological and
biochemical approach. Biomed Pharmacother, 2006,
60: 86-91.

Elbassuonia EA, Ragya MM, Ahmedb SM. Evidence
of the protective effect of L-arginine and vitamin D
against monosodium glutamate-induced liver and
kidney dysfunction in rats. Biomedicine &
Pharmacotherapy, (2018),108 :799-808.

Niaz K, Zaplatic E, Spoor J. Extensive use of
monosodium glutamate: A threat to public health?
EXCLI J, 2018; 17: 273-278.

Hajihasani MM, Soheili V, Zirak M R, Sahebkar A,
Shakeri A. Natural products as safeguards against
monosodium glutamate-induced toxicity. Iran J Basic
Med Sci. 2020, 23(4): 416-430.

Buckner RL, Krienen FM, Castellanos A, Diaz JC,
Yeo BT. The organization of the human cerebellum
estimated by intrinsic functional connectivity. Journal
of Neurophysiology. 2011, 106 (5): 2322-45.

Ghez C, Fahn S. The cerebellum. In Kandel ER,
Schwartz JH (eds.). Principles of Neural Science, 2nd
edition. New York: Elsevier. 1985: 502-522.
Medically reviewed by Healthline's Medical Network
— Written by — Updated on January 21, 2018.

Turner BM, Paradiso S, Marvel CL, Pierson R, Boles
Ponto LL, Hichwa RD, Robinson RG. The cerebellum
and emotional experience. Neuropsychologia.2007, 45
(6): 1331-1341.

Hernédez-Gofi P, Tirapu-Ustarroz J, Iglesias-Fernandez
L, Luna-Lario P. Participacion del cerebelo en la
regulacion del afecto, la emocién y la conducta. [The

Volume 9 Issue 7, July 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20702181005

DOI: 10.21275/SR20702181005

338



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

role of the cerebellum in the regulation of affection,
emotion and behavior]. Revista de Neurologia (in
Spanish).2010, 51 (10): 597-609.

Virarkar M, Alappat L, Bradford PG, Awad AB. L-
arginine and nitric oxide in CNS function and
neurodegenerative diseases. Crit Rev Food SciNutr,
2013, 53(11): 1157-1167.

Wu G, Meininger CJ. Regulation of nitric oxide
synthase by dietary factors. Annu Rev Nutr 2002;
22:61-86.

Plech A, Klimkiewicz T, &Maksym B. (2003). Effect
of L-arginine on memory in rats. Polish journal of
pharmacology,55(6): 987-992.

Majlessi N, Choopani S, Bozorgmehr T, &Azizi Z.
Involvement of hippocampal nitric oxide in spatial
learning in the rat. Neurobiology of learning and
memory, 2008, 90(2), 413-419.

Monteiro S, Matté C, Bavaresco C, Netto C, & Wyse
A.Vitamins E and C pretreatment
preventsovariectomy-induced memory deficits in water
maze. Neurobiology of learning and memory, 2005,
84(3): 192-199.

Law A, O'donnell J, Gauthier S, &Quirion R. Neuronal
and inducible nitric oxide synthase expressions and
activities in the hippocampi and cortices of young
adult, aged cognitively unimpaired, and impaired
Long-Evans rats. Neuroscience, (2002), 112(2): 267-
275.

Hami J, Hosseini M, Shahi S, Lotfi N, Talebi A,
Afshar M. Effects of L-arginine pre-treatment in 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced
Parkinson’s diseases in Balb/c mice. Iran J Neurol.,
2015, 14(4): 195-203.

Lundblad C, Bentzer P. Effects of L-arginine on
cerebral blood flow, microvascular permeability,
number of perfused capillaries, and brain water content
in the traumatized mouse brain. Microvasc Res, 2007,
74(1): 1-8.

Garry PS, Ezra M, Rowland MJ, Westbrook J,
Pattinson KT. The role of the nitric oxide pathway in
brain injury and its treatment-- from bench to bedside.
Exp Neurol., 2015, 263: 235-243.

Sanchez-Fidalgo S, Martin-Lacave |, lllanes M,
Bruseghini L, Esteras A and Motilva V..
Administration of L-arginine reduces the delay of the
healing process caused by ibuprofen. Implication of
COX and growth factors expression. Histology and
Histopathology,2005,20: 437-447.

Bancroft J. and Gamble M. Theory and Practice of
Histological ~Techniques." 5th (Ed.), Churchil
Livingstone, London, 2002.

YuL, ZhangY, MaR, BaolL, FangJ, et al., “Potent
Protection of Ferulic Acid against Excitotoxic Effects
of Maternal Intragastric ~ Administration  of
Monosodium Glu- tamate at a Late Stage of Pregnancy
on Developing Mouse Fetal
Brain.EuropeanNeuropsychopharmacol-ogy, 2006, 16
(3): 170-177.

ZhangY P, YuL J, MaRD, BaolL, ZengR, et al,
“Potent Protective Effects of Ferulic Acid on
Glutamate- Induced Neurotoxicity in Adult Mice,”
Chinese Journal of Neuromedicine, 2008, 7 (6) :596-
606.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ChoiDW.Excitotoxic Cell Death.Journal of Neuro-
biology, 1992, 23(9):1261-1276.

ChanPH. Role of Oxidants in Ischemic Brain Dam-
age.Stroke, 1996, 27 (6): 1124-1128.
d0i:10.1161/01.STR.27.6.1124

PellicciariR, CostantinoG, MarinozzM. and Nata-liniB.
Modulation of Glutamate Receptor Pathways in the
Search for New Neuroprotective Agents. Farmaco,
1998, 53 (4): 255-261.

StadtmanER and BerlettBS. Reactive Oxygen-
Mediated Protein  Oxidation in Aging and
Disease.Drug Metabolism Reviews.1998, 30 (2): 225-
243.

Umukoro S, Oluwole GO, Olamijowon HE, Omogbiya
Al, Eduviere AT. Effect of monosodium glutamate on
behavioral phenotypes, biomarkers of oxidative stress
in brain tissues and liver enzymes in mice. World J
Neurol., 2015, 5: 339-349.

Saeidnia S, Abdollahi M. Toxicological and
pharmacological concerns on oxidative stress and
related diseases. ToxicolApplPharmacol, 2013, 273:
442-455,

Dow C, Balkau B, Bonnet F, Mancini F, Rajaobelina
K, Shaw J, et al. Strong adherence to dietary and
lifestyle recommendations is associated with decreased
type 2 diabetes risks in the AusDiab cohort study. Prev
Med., 2019, 123: 208-216.

Bodnar I, Gédz P, Okamura H, Téth BE, Vecsernyé
M, Halész B, et al. Effect of neonatal treatment with
monosodium glutamate on dopaminergic and L-
DOPA-ergic neurons of the medial basal hypothalamus
and on prolactin and MSH secretion of rats. Brain Res
Bull, 2001, 55: 767-774.

Perello M, Gaillard RC, Chisari A, Spinedi E. Adrenal
enucleation in MSG-damaged hyperleptinemic male
rats transiently restores adrenal sensitivity to leptin.
Neuroendocrinology, 2003, 78: 176-184.

Moreno G, Perello M, Gaillard RC, Spinedi E.
Orexinastimulates hypothalamic-pituitary-adrenal  but
not food intake, in the absence of full hypothalamic
NPYergic activity. Endocrine, 2005, 26: 99-106.
Hosseini M, Pourganji M, Khodabandehloo F,
Soukhtanloo M, Zabihi H. Protective Effect of L-
Arginine against Oxidative Damage as a Possible
Mechanism of Its Beneficial Properties on Spatial
Learning in Ovariectomized Rats. Basic and Clinical
neuroscienceAutumn, 2012, 3(5):36-44.

Salem NA., Salem EA, Maarouf AM, Kamel M,
Elgalaly H, RadwanM,Abd El-Dayem W A & EIAdI
M. Protective effect of trapidil and I-arginine against
renal and hepatic toxicity induced by cyclosporine in
rats. Renal Failure, 2010, 32: 959-968.

Lass A, Suessenbacher A, Wlkart G, Mayer B, &
Brunner,F. Functional and analytical evidence for
scavenging of oxygen radicals by L-arginine.
Molecular pharmacology, 2002, 61(5): 1081.

Lanteri R, Acquaviva, R., Di Giacomo, C., Caltabiano,
R., LiDestri, G., Vanella, L., et al. Hemeoxygenase 1
expression in postischemic reperfusion liver damage:
effect of L Arginine.Microsurgery, 2006, 26(1): 25-32.
Sudheer AR,Muthukumaran S.,Kalpana C, Srinivasan
M. and Menon V P.Protective effect of ferulic acid on
nicotine-induced DNA damage and cellular changes in

Volume 9 Issue 7, July 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20702181005

DOI: 10.21275/SR20702181005

339



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583

[49]

[50]

cultured rat peripheral blood Iymphocytes: A
comparison with N-acetylcysteine. Toxicology in vitro,
2007, 21:576-585.

Muthusami S, Ramachandran |, MuthusamyB,
Vasudevan G, Prabhu V, Subramaniam V, et al.
Ovariectomy induces oxidative stress and impairs bone
antioxidant system in adult rats.
ClinicaChimicaActa,2005, 360(1-2), 81-86.
Fernandez-Alvarez A, Gomez-Sena L, Fabbiani MG,
Budelli R, Abudara V. Endogenous presynaptic nitric
oxide supports an anterograde signaling in the central
nervous system. J Neurochem, 2011, 118(4): 546-57.

Volume 9 Issue 7, July 2020

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR20702181005 DOI: 10.21275/SR20702181005

340





