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ABSTRACT 

Alzheimerôs disease (AD) is a modern neurodegenerative disorder with 

a range of memory, learning, behavioral abnormalities. The objective 

of the present study was to evaluate the neuropharmacological effect of 

hesperidin, a flavanone group member in memory impairment model 

of AD. Lipopolysaccharide (LPS, 0.25 mg/kg, i.p.) was employed as 

an experimental amnesia inducing agent. The animals were divided 

into five groups containing eight animals each. The tested dose of 

hesperidin (100 and 200 mg/kg, p.o.) significantly improved the 

learning ability and retention of learned memory in behavioural 

parameters such as Y maze spontaneous alteration and morris water 

maze test. Moreover, the neuroprotective effect of hesperidin was well 

supported by histopathological examination of hippocampus of brain, 

wherein the severity of cell damage and degree of neuronal cell death 

was less comparative to LPS group. This study suggests a potential 

neuroprotective role of hesperidin against LPS-induced AD like 

manifestations.  

KEYWORDS: Neurodegeneration, Lipopolysaccharide, Hesperidin, Memory impairment, 

oxidative stress. 
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INTRODUCTION  

Alzheimerôs disease (AD) is an irreversible, destructive and progressive neurodegenerative 

brain disease and the most common type of dementia.
[1]

 It is characterized by the 

neuropathological deposition of extracellular beta amyloid (Aɓ) plaques, intracellular 

neurofibrillary tangles (NFT) composed of aggregates of hyperphosphorylated tau (Ű) protein-

mediated breakdown of microtubules assembly, profound loss of basal forebrain cholinergic 

neurons that innervate the hippocampus and the neocortex, decline in memory, language and 

problem-solving capability that affects a personôs ability to perform everyday activities and 

impairment of cognitive functions.
[2]

 The cognitive function alterations observed in AD are 

associated with widespread neurodegeneration in the cortex and limbic system. Memory 

decline occurs because of the loss of neurons in cortical and limbic regions of the brain 

involved in cognitive function.
[3]

 Various hypotheses have been proposed regarding the 

etiology of AD. Such as amyloid hypothesis
[4]

, tau hypothesis
[5]

, cholinergic hypothesis
[6]

, 

oxidative stress hypothesis
[7,8]

, Genetic mutation hypothesis, hormonal dysfunction 

hypothesis.
[9]

 However, the exact pathophysiology of AD is still unknown but some main 

pathogenic mechanisms include cholinergic imbalance, increase oxidative stress burden, 

disturbed cellular antioxidant defense system, disturbed mitochondrial membrane potential, 

augmented inflammatory responses and an excitotoxic effects. Activation of microglia by 

lipopolysaccharide initiates the generation of reactive oxygen species (ROS).Study showed 

that there is a link between oxidative stress, inflammation and AD.
[10]

 One of the most 

fundamental and consistent features of AD is the severe degeneration of cholinergic neurons 

projection from basal forebrain to cortical and hippocampal areas. A 90% loss of basal 

forebrain cholinergic neurons has been found in AD patients. Impaired cortical cholinergic 

neurotransmission contributes to Aɓ pathology and increases phosphorylation of tau protein. 

Cholinergic transmission plays an important role in cerebral cortical development and 

activity, cerebral blood flow, sleep-wake cycle, learning, memory and cognition. Thus the 

drugs that potentiate the synthesis or release of acetylcholine or inhibit acetylcholinesterase 

prove to be potential therapeutic agents. Therefore, antioxidant, anti-inflammatory and 

anticholinesterase therapies might become the most important strategies for the prevention 

and treatment of AD. 

 

According to current FDA report, there are two types (acetylcholinesterase inhibitor and 

NMDA antagonists) of approved drug therapy available for the treatment of AD. Due to 
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unavailability of proper treatment and more side effect of allopathic medicine, global 

therapeutic research scenario is going towards herbal or traditional medicine system. 

 

Hesperidin, a natural bio-flavonoid found in citrus fruits
[11]

 exhibits in vitro antioxidant and 

defensive effect on hydrogen peroxide induced oxidative damage and cytotoxicity.
[12,13]

 The 

antioxidant properties of hesperidin in nicotinic acid-induced lung toxicity
[14]

 and antioxidant 

and anticancer effect in benzo(a)pyrene  induced.
[15] 

Hesperidin has been demonstrated an 

valuable neuromodulator effect, diminish oxidative stress in STZ- induced diabetes.
[16]

 

Antioxidant and neuroprotective results of hesperidin, oxidative stress induced by t-butyl 

hydroperoxide
[17]

 and regulate glucose metabolism. In addition, hesperidin exhibits 

anticholinesterase activity, by aluminum chloride induced.
[18]

 by 3-nitropropionic acid 

induced neurotoxicity
[19]

; by H2O2 ï induced cytotoxicity. It can cross easily blood brain 

barrier (BBB), due to its hydrophobic and polyphenolic nature.
[20]

 Based on these findings we 

tried to judge neuroprotective effect of hesperidin. The dificulty of biogenic pathway, 

oxidative stress, learning and memory deficits and neurodegeneration in a brain hippocampal 

were study by lipopolysaccharide injected mouse model of AD. 

 

MATERIALS AND METHODS 

Animals 

In the present study, we were used adult male Swiss albino mice at 7 weeks old (20-25g). 

They were procured from Bombay Veterinary College, Parel. The animals were housed in 

opaque polypropylene cages and maintained under standard laboratory condition of 

temperature (22 ± 2°C), humidity (50 ± 10%) under 12 hour light/ dark cycle. All mice 

received food (Amrut rat and mice feed, sangli, India) and purified water ad libitum. In 

experiment, 40 mice were randomly assigned to five groups containing 8 animals each.  The 

animals were acclimatized for 7 days before use in the experiments. The animal studies were 

approved by the Institutional Animal Ethics Committee (IAEC) (Reg. No. 87/1999/CPCSEA 

dated 28
th
 April 1999), constituted for the purpose of control and supervision of experimental 

animals by Ministry of Environment and Forests, Government of India, New Delhi. All 

behavioral experiments were carried out between 09:00 a.m.to 05:00 p.m. and all efforts were 

made to be minimized. 

 

Materials 

LPS and Rivastigmine were purchased from Sigma Chemicals, USA and S. D. Fine 

Chemicals, Mumbai respectively. Hesperidin was purchased from Spectrochem Pvt. Ltd. 
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Mumbai. All other chemicals used for biochemical estimation were of analytical grade. LPS 

was dissolved in saline (0.9% NaCl) and all drug solutions were prepared freshly before the 

experiments to produce a total injection volume of 1.0 ml/kg (i.p.) and 3.0 ml/kg (p.o) body 

weight. Treatment of all the drug were carry out in early morning (between 8.30 and 10.00 

a.m.), LPS (i.p.) daily 1 h earlier than  hesperidin for 7 days with 14 days prior therapy of 

hesperidin. The dose of hesperidin was selected according to the previous studies. 

 

Experimental design 

Forty male Swiss albino mice animals were randomly divided into five experimental groups 

containing eight animals in each group. Group 1: Normal Control Receive 0.5% CMC 

suspension; Group 2: Disease control received LPS (250 µg/kg, i.p.) ahead with an equivalent 

volume of 0.5% CMC; Group 3-4: LPS-treated animals receiving hesperidin (100 and 200 

mg/kg; p.o.) daily 1 h earlier for 7 days; Group 5: LPS treated animals receiving rivastigmine 

(250 µg/ml).  

 

EVALUATION OF IN VITRO ANTIOXIDANT ACTIVITY 

DPPH radical scavenging assay  

1,1-Diphenyl-2-Picrylhydrazyl (DPPH)  radical scavenging activity was performed 

spectrophotometrically using the  method.
[21]

 Methenolic solution of hesperidin at various 

concentrations (1-100µg/ml) was added to 0.1 mM methenolic solution of DPPH in 1:1 

proportion and allowed to stand in the dark for 30 min at 25
0
C. A 0.1 mM solution of DPPH 

in methanol was used as control. The DPPH scavenging activity was measured 

spectrophotometrically by monitoring the decrease in absorption at 517 nm. The assay was 

performed in triplicates. Radical scavenging activity was expressed as the percentage 

inhibition was calculated using the formula: 

 

Percentage inhibition = [(Abscontrol ï Abstest)/(Abscontrol)] × 100 

 

Nitric oxide (NO) radical scavenging activity  

NO radical scavenging activity was determined by the method of Nagmoti and Juvekar.
[21]

 

One ml of sodium nitroprusside (10 mM) in phosphate-buffered saline (pH 7.4) was mixed 

with 1 ml of hesperidin at various concentrations (10-1000 µg/ml). The mixture was 

incubated at 25°C for 30 min. After incubation, 1 ml of the incubated solution was withdrawn 

and mixed with 1ml of Griess reagent (1% sulphanilamide, 2% phosphoric acid and 0.1% 
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naphthyl ethylene diamine dihydrochloride). The absorbance of observed solution was 

measured at 546 nm. Percentage inhibition was calculated using following equation:- 

Percentage inhibition = [(Acontrol-Atest)/ Acontrol] x 100 

 

Thiobarbituric Acid Reactive Substance (TBARS) Assay  

The lipid peroxidation level is measured as TBARS, as per the method of Okhawa.
[22,23]

 A 

100 µl supernatant of mouse brain homogenate was used and incubated with or without 50 µl 

of the pro-antioxidant [FeSO4 (10mM) and sodium nitropruside (5mM)]and 50 µl of various 

dilutions of hesperidin in a final volume of 0.5ml using distilled water at 37
o
C for 1h. The 

colour reaction was carried out by adding 0.2ml SDS (8.1%), 1.5 ml of TBA (0.8%) and 1.5 

ml acetic acid (20%, pH-3.4). Volume was made up to 4.0 ml with distilled water and kept in 

a water bath at 95 to 100
o
C for 1 h. After cooling, 1.0 ml of distilled water and 5.0 ml of n-

butanol and pyridine mixture (15:1 v/v) were added to the reaction mixture, shaken 

vigorously and centrifuged at 4000 rpm for 10 min. The butanol-pyridine layer was removed 

and its absorbance at 532 nm was measured to quantify TBARS. Inhibition of lipid 

peroxidation was determined by comparing the treatments with that of the standard. L-

ascorbic acid was used as standard. The assay performed in triplicates and percentage 

inhibition was calculated using the following formula:  

Percentage Inhibition = [(Control ï Test) / Control] x 100. 

 

Drug administration  

The animals were divided into five groups containing eight animals in each. LPS (250 µg/kg, 

i.p.) was administered after 14 days prior treatment with hesperidin (100 and 200 mg/kg, p.o.) 

and revastigmine (250 µg/kg, p.o.) except normal control group receive 0.5% CMC 

suspension. Hesperidin was given after suspending in 0.5% CMC suspension and 

administered orally in respective group. The dose of hesperidin was selected based on 

literature survey reports.
[18-24]

 

 

BEHAVIORAL STUDIES 

Morris Water Maze (MWM) task 

The MWM is used to test spatial memory functions by the method of Morris, 1984.
[25]

 

Animal dislikes swimming and hence when placed in a large pool of water tendencyis to 

escape it by searching for a platform. MWM consisted of large circular pool (122 cm in 

diameter, 50 cm in height, filled to a depth of 30 cm with water at 20-23filled to a depth of 30 

cm with water at 20-23
o 
c) placed in a soundproof room with visual clues. The pool was filled 
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with water and milk powder was dissolved in it until the water turned opaque. The pool was 

divided into 4 quadrants using a white thread. A hidden platform was placed in one of the 

quadrants in such a way that the platform was 1cm below the surface of the liquid. The 

position of the platform remained constant for the entire duration of the experiment. The mice 

were placed randomly in one of the other three quadrants (excepting for the one in which the 

hidden platform was placed) facing the pool wall. The training phase consisted of 12 training 

sessions. 4 training sessions were carried out on each day for 3 consecutive days (day 22, 23 

and 24 of the experiment). The mice were allowed to swim and explore the environment for 

120s. If they couldnôt locate the hidden platform in 120s they were manually guided towards 

the platform and allowed to stay on the platform for 30s. After a one day interval, on day 26, 

the retention of memory was tested by recording the time latency to locate the hidden 

platform. 

 

Y-maze spontaneous alterations 

The Y maze is a simple three armed maze for evaluation of spatial recognition and memory 

which measures the inherent ability of the mice to investigate novel environments.  The Y 

maze was made of white painted wood, with 3 arms, each placed at 120º to each other. Each 

arm of the maze measured 8 cm X 30 cm X 15 cm. (width X length X height). The mouse 

was positioned at the centre of the apparatus and allowed to explore the maze freely for 5 

min. Spontaneous alteration behaviour (SAB) was studied by the number of alternations (i.e., 

consecutive entry sequences of ABC, CAB, or BCA, but not BAB) and the number of arm 

entries. The maze was cleaned thoroughly between the trials to avoid any olfactory influence. 

Mice were treated with hesperidin 1 h (100 & 200 mg/kg p.o.) and in case of LPS (0.25 

mg/kg i.p.) 30 min prior to the conduct of the test.
[26]

 The percentage alternation was 

calculated according to the following equation: percentage alternation = [(number of 

alternations)/ (total arm entries - 2)] x 100. 

 

BIOCHEMICAL PARAMETERS 

Estimation of Protein 

The protein content was estimated using bovine serum albumin (BSA) as a standard using the 

method described by Gornall.
[27]

 (Results not shown). 

 

Estimation of Reduced Glutathione (GSH) activity 

The GSH activity was measured using the method described by Dhodi et al. 2015.
[28]

 GSH 

levels in tissue homogenates were estimated using Ellmanôs reagent (DTNB reagent). Tissue 
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homogenate (10 µL) was incubated with 200 µL of DTNB and was read at absorbance of 

412nm using spectrophotometer (Gen5 data analysis software H1, BIO-TEK Instruments, 

MN, and USA). The amount of GSH in the sample was calculated in µg/mg of protein with 

the help of a standard glutathione curve. 

 

Estimation of lipid peroxidation (LPO) 

Malondialdehyde (MDA) is a quantitative measurement of lipid per-oxidation. The 

estimation of MDA was done using the method described previously Ohkawa et al.
[23]

 200 µl 

of 10% tissue homogenate (0.1 M phosphate buffer, pH 7.4) was added to 1.5 ml acetic acid 

(20%, pH 3.5), 200 µl of sodium dodecyl sulphate (SDS), and 1.5 ml of 0.8% Thiobarbaturic 

acid (TBA). The volume was made up to 4 ml using distilled water. This reaction mixture 

was further placed in boiling water bath for 60 min and subsequently cooled. A butanol: 

pyridine (15:1 v/v, 4 mL) mixture was added to the above reaction mixture, vortexed for 

uniform mixing and centrifuged at room temperature for 10 min. An aliquot of 200 µl of 

clear supernatant was withdrawn from the above mixture and spectrophotometricallyanalyzed 

at 532 nm (epoch, synergy) against blank. The MDA content was calculated and expressed as 

nmol MDA formed per microgram protein. 

 

Estimation of Superoxide Dismutase (SOD) activity 

The SOD activity was measured by the methods described earlier Nandi and Chatterjee 

1984.
[30]

 Briefly, each 200 µl assay mixture consisted of 180 µl of potassium phosphate 

buffer (0.1M, pH 7.4), 10 µl of pyrogollal (2.6 mmol/l in 10 mmol/l HCl) and 10 µl of tissue 

homogenate. The SOD activity was evaluated by the change in absorbance measured at 325 

nm for 5 min with 30 s interval. One unit of enzyme represents the enzyme activity that 

inhibits auto- oxidation of pyrogallol by 50%.  

 

Estimation of catalase (CAT) activity 

The CAT activity was measured by the methods described earlier Claiborne and 

Greenworld.
[31]

 Briefly, the mixture consisting of 1.95 ml of potassium phosphate buffer (50 

mM, pH 7.0), 1 ml of freshly prepared hydrogen peroxide (10 mM) and 100 µl (10% w/v) of 

tissue homogenate in a final volume of 3 ml. The change in the absorbance determines rate of 

degradation of hydrogen peroxide was measured using spectrophotometricallyat 

240nm.Catalase activity was expressedin nmoles H2O2 consumed/min/mg of protein. 
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Estimation of Acetyl cholinesterase activity (AChE) activity 

The AChE estimation was done by the method described earlier.
[32]

 Briefly, 0.1 M pH 8.0 

phosphate buffer was incubated for 5 min with equal volumes of homogenate and 0.01 M 5, 

5ǋ-dithiobis (2-nitro benzoic acid) also known as DTNB. Later, acetyl thiocholine iodide was 

added as a substrate and change in absorbance was recorded for a period of 10 mins in 1 min 

intervals at 412 nm using a spectrophotometer. 

  

Statistical analysis 

Data of all the results were presented as mean±SEM. The analysis of all the studies was done 

with the help of an analysis of variance (ANOVA) followed by Tukey's Multiple Comparison 

Test by using GraphPad Prism Version 5, San Diego California USA. *P<0.05, **P<0.01, 

***P<0.001 were considered to be statistically significant when compared with LPS treated 

group. 

 

Histopathology of hippocampus of mouse brain 

At the end of experiment all animals were sacrificed with overdose of carbon dioxide and 

brain were removed carefully. Randomly from each groups, two brains were selected and 

immediately after preserve in 10 % formalin solution for histopathological examination. 

Hippocampus of brain tissue was sectioned and stained by hematoxylin and eosin.
[33]

 The 

stained slide were observed under microscope and examined with the help of trained 

Veterinarian Pathologist.  

 

RESULTS  

Effect of hesperidin on In vitro antioxidant activity 

Hesperidin scavenged DPPH and NO free radicals in a dose dependent manner with an IC50 

value of 21.87µg/ml and 93.81µg/ml respectively. This reveals that its good antioxidant 

potential. Also hesperidin was able to inhibit the lipid peroxidation in the brain homogenate 

induced by Fe
2+

 and sodium nitroprusidein the TBARS assay. The IC50
 
values were found to 

be 132 ɛg/ ml and 167 ɛg/ ml respectively. 

 

Effect of hesperidin of reduced glutathione, superoxide dismutase, catalase and MDA 

activity 

Our data reveals that chronic LPS treatment elevated the in vivo oxidative stress in the brain 

as evidenced by lower values of GSH, SOD, CAT and an increase in MDA activity as 

compared to vehicle control. However, chronic hesperidin (100 and 200 mg/kg) and 
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rivastigmine administration significantly increased the GSH, SOD, CAT values and reverse 

the increased MDA activity in the hippocampus and cortex thus confirming their antioxidant 

potential.  

 

Effect of hesperidin on Acetylcholinesterase activity 

Acetylcholinesterase activity was found to be significantly higher in the brain of LPS treated 

mice as compared to vehicle treated group. Hesperidin administration significantly reversed 

the increase in acetylcholinesterase activity in the brain in a dose dependent manner. 

Rivastigmine being a known acetylcholinesterase inhibitor also reversed the increase in 

acetylcholinesterase activity.  

 

Graphical Abstarct 
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Figure 1: Effect of hesperidin on in vitro DPPH radical scavenging activity at different 

concentrations (2 – 20 µg/ml). 

 

 

Figure 2: Effect of hesperidin on in vitro nitric oxide radical scavenging activity at 

different concentrations (10-100 µg/ml) using standard ascorbic acid curve. 

 

 

Figure 3: Effect of hesperidin on in vitro lipid peroxidation activity using ferrous ions 

and sodium nitropruside at different concentrations (20 – 200 µg/ml) using standard 

ascorbic acid curve.   
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Figure 4: Effect of hesperidin on spatial memory usinY-Maze spontaneous alteration 

test. 

 

 
Figure 5: Effect of hesperidin on Learning and memory using Morris Water Maze test. 

The results are expressed as mean ± SEM (n = 8) and were evaluated by oneway 

ANOVA followed by Tukey's Multiple Comparison Test. * P< 0.05, **P< 0.001, ***P< 

0.0001 vs. Disease control. Time spent in target quadrant in probe trial. 

 

 
Figure 6: Effect of hesperidin different doses on Reduced Glutathione levels in brain 

tissue were compared with Vehicle control. 

Each value represent the mean ± S.E.M. (n=6); **P<0.01, ***P<0.001 when compared 

with the corresponding value of the LPS treated group.  The results are evaluated by one 

way ANOVA followed by Tukey's Multiple Comparison Test. 
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Figure 7: Effect of hesperidin different doses on Superoxide dismutase level in mice 

brain tissue were compared with Vehicle control. 

Each value represent the mean ± S.E.M. (n=6); **P<0.01, ***P<0.001 when compared 

with the corresponding value of the LPS treated group.  The results are evaluated by one 

way ANOVA followed by Tukey's Multiple Comparison Test. 

 

 

Figure 8: Effect of hesperidin different doses on catalase level in brain tissue were 

compared with Vehicle control. 

Each value represent the mean ± S.E.M. (n=6); 
**

P<0.01, 
***

P<0.001 when compared with 

the corresponding value of the LPS treated group.  The results are evaluated by one way 

ANOVA followed by Tukey's Multiple Comparison Test. 
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Figure 9: Effect of hesperidin on Lipid Peroxidation level in Brain tissue homogenate 

were compared with Vehicle control. 

Each value represent the mean ± S.E.M. (n=6); 
**

P<0.01, 
***

P<0.001 when compared with 

the corresponding value of the LPS treated group.  The results are evaluated by one way 

ANOVA followed by Tukey's Multiple Comparison Test. 

 

 

Figure 10: Effect of Hesperidin on Anti-cholineesterase activity (AchE) in mice Brain 

tissue homogenate were compared with Vehicle control. 

Each value represent the mean ± S.E.M. (n=6); 
**

P<0.01, 
***

P<0.001 when compared with 

the corresponding value of the LPS treated group. The results are evaluated by one way 

ANOVA followed by Tukey's Multiple Comparison Test. 
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Figure 6: Histopathology of brain hippocampus H & E staining representing A1- 

Normal control, A2-Disease control, A3- Hesperidin 100mg/kg, A4 – Hesperidin 200 

mg/kg, A 5 – positive control; D: degeneration; V:Vacuolation (Degeneration of 

parenchymatous neurons in hippocampus); CA1, CA2 and CA3: regions of the 

neuronal dendrites in hippocampus; H: hippocampus; C; Blood capillary and N: 

Neuron mylinated. 

 

Abbreviations  

AD ï Alzheimerôs disease 

LPS - Lipopolysaccharide 

Aɓ ï Amyloid Beta 

NFT ï Neurofibrillary tangle 

ROS ï Reactive Oxygen Species 

FDA ï Food and Drug Administrations 

NMDA ï Nicotinamide Adenine dinucleotide 

CMC ï Carboxyl Methyl Cellulose 

MWM ï Morris Water maze 

BSA ï Bovine Albumin Serum 

GSH - Glutathione 

LPO ï Lipid Peroxidation 

MDA -Malondialdehyde 

CAT - Catalase 

AchE -Acetylcholinesterase 

ANOVA ï Analysis of Variance  
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AICTE ï All India Council for Technical Education  

SDS ï Sodium dodecylsulphate 

SOD ï Superoxide dismutase 

TBA ï Thiobarbituric acid 

TBARS- Thiobarbitruric Acid Reactive Substance 

 

DISCUSSION 

There are many reports that support the use of natural flavonoids especially citrus fruits as 

antioxidant in reducing levels of free radicals and oxidative stress by counteracting with free 

radicals and delaying or preventing the development of complications associated with several 

pathological conditions. Hesperidin is the potential natural compound in the treatment of 

several central nervous system disorders due to its ability to cross blood brain barrier
[20]

 and 

should be used in several neurodegenerative disorders like AD. In the present study 

Neuroprotective effect of hesperidin observed after chronic pre-treatment with hesperidin 

induced by chronic LPS treatment in mice and ameliorate memory dysfunction. 

 

There are several study reported that chronic intraperitoneal administration of 

lipopolysaccharide for a week cause neuroinflammation or loss of neurons and memory 

dysfunction through the activation of inflammatory cells.
[4,34]

 As reported neuroinflammation 

is play an important role in pathophysiology of AD induced by the chronic administration of 

LPS.
[35]

 Oxidative stress isplaying an important role in the pathophysiology of AD due to its 

neurotoxic activity
[36,37]

 Some study support that the activated microglia can also develop 

oxidative stress by generation of reactive oxygen species (ROS) and increase synthesis and 

acceleration of Aɓ deposition, a major hallmark of AD.
[38,39]

 Diff erent strategies are adopted 

to improve cholinergic transmission, including increase of acetylcholine synthesis, the 

augmentation of presynaptic acetylcholine release, and the stimulation of cholinergic post 

synaptic muscarinic and nicotinic receptors. An important strategy towards treatment of 

Alzheimer's disease is inhibition of acetylcholine synaptic degradation by employing 

cholinesterase inhibitors. 

 

The acetylcholinesterase activity has been shown to be increased within and around amnesic 

brain. LPS induced amnesia leads to increased calcium influx followed by oxidative stress 

which in turn increases activity of AchEs. In addition, they activate glial cells to produce free 

radicals (superoxide and NO) and neurotoxic cytokines such as TNF-Ŭ. In this study, we 

were able to demonstrate the neuroprotective effect of hesperidin on LPS induced memory 
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impairment model of AD in mice.
[10]

 In the present study various parameters were studied 

including the in vitro antioxidant assays and in vivo Neuroprotective, learning and memory. 

 

The results of present study showed that hesperidin improved both working as well as spatial 

memory impairment in mouse induced by LPStreatment. Morris water maze test and Y-maze 

are commonly used to assess hippocampal spatial and working memory.
[26]

 

 

Thus in vitro effect of hesperidin on inhibition of oxidative stress correlated with the effects 

observed in vivo. LPS treated animals also displayed clear oxidative stress, as demonstrated 

by depletion of reduced glutathione activity, superoxide dismutase, catalase and increased 

lipid peroxidation in the brain. In the present study, hesperidin treated animals reversed the 

imbalance in antioxidant parameters. It has been proposed that hesperidin decreases oxidative 

stress by downregulating cellular defence mechanism and the inhibition of ROS formation.  

 

It is reported extensively that the augmentation of cholinergic nervous system will improve 

memory in AD
[41,42]

 In this study, we also confirmed that chronic LPS treatment caused 

significant increase whole brain acetylcholinesterase activity tothe possible memory 

impairment. The treatment with hesperidin and rivastigmine restored the acetylcholinesterase 

activity.  

 

In conclusion, present study highlights the potent antioxidant effect of hesperidin and its 

neuroprotective action against LPS induced amnesia. The study showed that hesperidin 

possesses free radical scavenging activity due to its antioxidant potential. Antioxidant 

potential of hesperidin has restored the imbalanced antioxidant enzymes levels (SOD, CAT, 

and GSH) in the brain. Probable mechanism of hesperidin may be due to free radical 

scavenging activity and membrane stabilizing effect on the neurons which may be because of 

flavonoids and phenolic compounds. The study showed that hesperidin can reverse the 

memory impairment and the hippocampal apoptosis resulted from LPS treatment. Overall 

conclusion that can be drawn from the present study is that hesperidin is a possible 

neuroprotective substance in the brain disorders. 
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