
IAJPS 2018, 05 (12), 17565-17569         Hanumanthu Penchalaiah et al         ISSN 2349-7750 
 

 
 

w w w . i a j p s . c o m  
 

Page 17565 

 
        CODEN [USA]: IAJPBB                        ISSN: 2349-7750 

 
  INDO AMERICAN JOURNAL OF 

 PHARMACEUTICAL SCIENCES 

    http://doi.org/10.5281/zenodo.3593564                              

Available online at: http://www.iajps.com                                  Research Article 

NEUROPROTECTIVE ACTIVITY OF HESPERIDIN AGAINST 

MPTP (1-METHYL-4-PHENYL-1, 2, 3, 6-

TETRAHYDROPYRIDINE) INDUCED NEUROTOXICITY: IN 

VITRO APPROACHES  
G. Devala Rao2, Hanumanthu Penchalaiah1* S Praveen Begum1 

1 Research Scholar, University College of Pharmaceutical Sciences, Acharya Nagarjuna 

University, Nagarjuna Nagar, Guntur. 

2K.V.S.R. Siddhartha College of Pharmaceutical Sciences, Vijayawada. 

Abstract:  

Aim: In the present study, we examined the neuroprotective activity of hesperidin on the accumulation of neuronal 

oxidative stress induced by MPTP by in vitro. Method: After decapitation, healthy rat brain was removed rapidly 

from the skull and rinsed with cold artificial cerebrospinal fluid (ACSF) which has been equilibrated with 95% O2/5 

% CO2 gas mixture. Group I brain slices was incubated in ACSF serve as normal,  Group II brain Slices was 

incubated in ACSF and DMSO (10%) serve as disease, Group III   brain was incubated with 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine (MPTP) (1 ng/ml) Group IV brain was incubated in MPTP with Bromocriptine (10 

µg/ml) as a standard, Group V brain was incubated in MPTP with hesperidin (10 µg/ml)  Group VI brain was 

incubated in MPTP with hesperidin (20 µg/ml). After 1hr of incubation brain slices were homogenized in PBS 

buffer, pH 7.4 and supernatant subjected estimation of for protein content, lipid peroxidase and reduced 

glutathione. Results and conclusion: MPTP incubated brain LPO* activity was significantly (p<0.001***) 

increased and GSH activity decreased (p<0.001***) compared to normal group. Hesperidin incubated group brain 

LPO* activity was significantly (p<0.05*)  decreased and GSH activity was increased (p<0.01**), The research 

results were concluded that the hesperidin exhibited significant neuroprotectivite effect against MPP+ free radicals 

due to  their antioxidant  activity. 
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INTRODUCTION: 

Glias, a specialized type of non-neuronal cell, 

regulate the neuronal microenvironment and provide 

support to the nervous system [1,2]. Amongst the 

glial cells, astrocytes are abundantly present with a 

close connection to neurons in the brain and spinal 

cord regulating various physiological and 

pathological conditions [3]. Astrocyte metabolism is 

a key feature on which the neurons are functionally 

dependent, including its role in energy metabolism 

and synthesis of neurotransmitters by maintaining the 

amino acid homeostasis [4]. Astrocytes play a 

dynamic role in the brain and is associated with 

apoptosis, ischemia and various neurodegenerative 

disorders [5,6,7]. The brain’s vulnerability towards 

oxidative stress is highly dependent on astrocytes and 

thus astrogliosis may critically impair the survival of 

neurons [8, 9]. Astrocyte activation releases 

neuroinflammatory molecules like the 

proinflammatory cytokines tumor necrosis factor α 

(TNFα); interleukin (IL-1β and IL-6) [10, 11]. These 

neuroinflammatory cytokines modulate the astroglia 

dependent apoptosis resulting in malignant glioma 

development. Reactive astrocytes are a key feature 

for formation of the ‘glial scar’ expressing the glial 

fibrillary acidic protein and ultimate consequence of 

neuronal death [12]. 

 

Hesperidin is an abundant and inexpensive by-

product of Citrus cultivation and is the major 

flavonoid in sweet orange and lemon. The 

bioflavonoids, formerly called ‘vitamin P’, were 

found to be the essential components in correcting 

this bruising tendency and improving the 

permeability and integrity of the capillary lining. 

These bioflavonoids include hesperidin, citrin, rutin, 

flavones, flavonols, catechin and quercetin [13] 

 

Studies reported that it hesperidin was protect against 

various diseases such as diabetes, chronic venous 

insufficiency, hemorrhoids, scurvy, various ulcers 

and bruising [14]. Hesperidin has been reported to 

possess antioxidant properties [15], hepatoprotective 

activity [16], Anti inflammatory [17], Anti 

hypercholesterolemia, Anti atherosclerosis [18]. In 

present study was evaluated the potential 

neuroprotective activity of hesperidin on 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced 

neurotoxicity using in vitro model.  

 

MATERIAL AND METHODS:  

Animals 

Wistar albino rats of either sex, weighing 200±25 g, 

were procured from Mahaveer enterprises, 

Hyderabad. Animals were consumed a commercial 

diet for 1 week. The experimental protocol was 

approved by Institutional Animals Ethics Committee 

(253/IAEC/SICRA/PhD/2017) and animal care was 

taken as per the guidelines of CPCSEA 

(1821/PO/RE/S/15/CPCSEA). 

 

Experimental procedure for neuroprotective 

effect of hesperidin by in in vitro [19] 

Preparation of artificial cerebrospinal fluid (ACSF), 

pH 7.4 Contains sodium chloride (122 mM), 

potassium chloride (3.1 mM), calcium chloride (1.3 

mM), magnesium sulfate (1.2 mM), glucose (10 

mM), and glycyl glycine (30 mM). All the above 

chemicals were dissolved in 200 ml of distilled water. 

The solution of salts can be prepared and kept in 

refrigerator and glucose with glycyl glycine can be 

added later on the day of the experiment.  

Isolation of brain: After decapitation, the brain was 

removed rapidly from the skull and rinsed with cold 

artificial cerebrospinal fluid (ACSF) which has been 

equilibrated with 95% O2/5 % CO2 gas mixture. 

Study was approved by Institute animal ethical 

committee   

 

Treatment was followed: 

Group I Brain slices was incubated in ACSF serve as 

normal 

 Group II Brain Slices was incubated in CSF and 

DMSO (10%) serve as disease,  

Group III Brain was incubated with MPTP (1 ng/ml)  

Group IV Brain was incubated in MPTP with 

Bromocriptine (10 µg/ml) 

Group V Brain was incubated in MPTP with 

Hesperidin (10 µg/ml)   

Group VI Brain was incubated in MPTP with 

Hesperidin (20 µg/ml) 

 After incubation, brain slices were homogenized in 

PBS buffer, pH 7.4 and estimated for protein content, 

GSH, LPO* as per the procedures.  

 

Statistical analysis  

All data are expressed as the means ± SEM. 

Statistical differences among the experimental groups 

were tested by using a one way analysis of variance 

(ANOVA) and Dunnet test was employed for 

multiple comparisons. P-values less than 0.05 were 

accepted as significant. 
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RESULTS: 

Table: 1 Effects of hesperidin on selected biomarkers tested on sagittal brain slices in MPTP solution 

 

Groups  

Protein content 

[µg/mg tissue] 

LPO* [nmoles TBARS / 

mg protein]  

GSH 

 [µmoles/ mg protein] 

Normal control 18.1±1.3 4.5±0.8 0.04±0.003 

DMSO control  16.2±0.2 4.2±0.3 0.04±0.002 

MPTP (1 ng/ml) 5.6±0.3*** 10.3±0.7*** 0.008±0.0001** 

Bromocriptine (10 µg/ml) 12.3±0.8 6.5±0.2** 0.034±0.005 

10 µg/ml of hesperidin 6.5±0.3 8.2±0.3** 0.015±0.004 

20 µg/ml of hesperidin 10.6±0.3** 7.2±0.4* 0.038±0.002** 

All values are expressed in Mean± SEM. Statistical analysis determined by ANOVA followed by Dunnet’s method 

of comparison. b denotes treated groups were compared against MPTP group. while the a denotes MPTP control 

group was compared against the DMSO control. 
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Effects of hesperidin on protein content, GSH and 

LPO on brain slices 

The effects of Hesperidin on biochemical parameters 

in the sagittal brain slices are tabulated as follows. 

There was a considerable decrease in the protein 

content (5.6±0.3μg/mg tissue, P < 0.001***) and 

GSH content (0.008±0.0001 μmoles/ mg protein, P < 

0.01**) while increase in the lipid peroxidation 

products was observed (10.3±0.7 nmoles TBARS / 

mg protein, P < 0.001***) in the MPTP group. 

Hesperidin at 20 µg/ml showed considerable 

neuroprotective properties in term of restored GSH 

levels of 0.038±0.002 μmoles/ mg protein; P < 

0.01**) and decreased  LPO levels of 7.2±0.4 nmoles 

TBARS/ mg protein  P < 0.05*) and improved 

protein content 10.6±0.3**. Thus, Hesperidin showed 

better results than bromocriptine in terms of GSH and 

LPO, while it improved (Table.1; Fig1 and 2) 

 

DISCUSSION: 

In human and nonhuman primates MPTP produces 

clinical, biochemical, and neuropathologic changes 

analogous to those observed in idiopathic Parkinson's 

disease. The neurotoxic effects of MPTP are thought 

to be initiated by MPP+ , which is a metabolite 

formed by the monoamine oxidase (MAO) B-

mediated oxidation of MPTP [20]. MPP+ is 

selectively taken up by high-affinity dopamine and 

noradrenaline uptake systems and is subsequently 

accumulated within mitochondria of dopaminergic 

neurons. There it disrupts oxidative phosphorylation 

by inhibiting complex I of the mitochondrial electron 

transport chain [21]. The interruption of oxidative 

phosphorylation results in decreased levels of ATP 

[22], which may lead to partial neuronal 

depolarization and secondary activation of voltage-

dependent NMDA receptors, resulting in excitotoxic 

neuronal cell death [23]. Although excitotoxic 

neuronal damage has been linked to Ca" influxes, the 

subsequent crucial steps that lead to cell death remain 

unknown. Recent evidence has implicated both 

oxygen free radicals and nitric oxide (NO'). The entry 

of calcium through NMDA receptor channels into 

cells stimulates nitric oxide synthase (NOS) activity 

by binding to calmodulin, a cofactor for NOS. 

Studies in dissociated cell cultures showed that NOS 

inhibitors effectively blocked NMDA-induced cell 

death [24]. Furthermore, NO' may react with 

superoxide to generate peroxynitrite, which may 

promote nitration of tyrosine and produce hydroxyl 

radicals, lipid peroxidase free radicals (LPO*) that 

decrease reduced antioxidant activity [19, 25, 26]. In 

the present study results revealed that Hesperidin 

exhibited significant neuroprotection against MPP+ 

free radicals due to neutralization of LPO* free 

radicals and enhance GSH activity. Although the 

mechanism by which Hesperidin regulates MPTP 

induced oxidative stress remains to be determined, 

there are several possible explanations. Firstly, as a 

polyphenolic flavonoid, Hesperidin has strong free 

radical scavenging activity [27]. Hesperidin reacts 

with a damaging free radical and forms a flavonoid 

radical, which has greater stability, and then breaks 

the free radical chain reaction [28]. It is possible that 

Hesperidin prevents oxidative damage directly by 

scavenging free radicals.  

 

The results from the present study confirm that 

Hesperidin could alleviate the neurotoxicity induced 

by MPTP in vitro method. The effect of Hesperidin 

may be attributed to the prevention of oxidative 

damage, measured in terms of the amount of 

peroxidized lipid and the level of GSH. Therefore, 

Hesperidin is a potential candidate for further 

preclinical study aimed at the treatment of 

neutotoxicity. 
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