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Abstract:

Background: Monosodium Glutamate (MSG) use is 

quite alarming considering the cascades of toxicity 

that arises from it. However, this study demonstrated 

the possible ameliorative activities of polyphenols of 

Phoenix dactylifera (PPD) on MSG-induced dentate 

gyrus degeneration in male adult Wistar rats. Aim and 

Objectives: To check the effects of PPD on MSG-

induced dentate gyrus neuronal damage in adult male 

Wistar rats. Material and Methods: Groups A to D of 

adult male rats underwent 14-day treatment of Normal 

Saline (NS), 500 mg ̸ kg PPD, 4 mg ̸g of MSG only, and 

4 mg̸g MSG and 500 mg/kg PPD (MSG+PPD) 

concurrently. Group E received 500 mg ̸ kg PPD for a 

14-day period prior to another 14-day of 4mg ̸ gMSG 

(PPD then MSG). Results: PPD was able to ameliorate 

the toxic effect of MSG as evidence of better cellular 

integrity, minimal cell vacuolations, minimized 

dispersed Nissl bodies and deeply stained Nissl bodies 

were observed upon PPD administration. It was also 

observed that it reduced the proliferation of reactive 

oxygen species, proteins and DNA damage in the cells 

of the dentate gyrus. Conclusion: The study concluded 

that PPD was able to ameliorate the degeneration 

induced by MSG in the dentate gyrus of Wistar rats.
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Introduction:

Monosodium Glutamate (MSG) is a sodium salt of 

the glutamic acid, which serves as a major 

component of most food seasonings for example, 

natural flavorings, bouillon cubes, hydrolyzed 

vegetable protein, sodium caseinate, calcium 

caseinate, yeast protein, autolyzed yeast, vegetable 

protein extract, gelatin, fish seasoning, pepper 

soup sauce and so on [1]. MSG performs its normal 

physiological actions through the activation of two 

receptors namely; ionotropic and metabotropic 

glutamate receptors. In an extreme case, MSG can 

also cause over activities of the glutamate 

receptors, which can lead to neuronal cell death [2-

3]. Progressive studies revealed similarities in the 

various neurodegenerative diseases at a sub-

cellular level, which means similar approach can 

assist in many of these diseases simultaneously [4].

The dentate gyrus is part of the hippocampal 

formation and forms the major cortical input from 

the entorhinal cortex to the cornus ammonis of the 

hippocampus. Consequently, the adult dentate 

gyrus is known to be able to undergo neurogenesis 

[5]. However, adult neurogenesis plays an 

important role in learning and memory, which is 

evident in rats. Therefore, any form of disruption 

of cellular proliferation and migration in the 

dentate gyrus of the adult animal can lead to a 

decline in hippocampal learning and memory [5].
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Phoenix dactylifera (P. dactylifera)also known as 

Date palm, belongs to the family Aceraceae and 

considered to be an important fruit tree in Asian 

countries [6-7]. P. dactylifera plant has antiulcer, 

anticancer, anti-diarrheal, hepatoprotective, anti-

mutagenic, antioxidant, aphrodisiac, anti-

inflammatory, anti-microbial, anti-hyperlipidemic, 

nephroprotective and neuroprotective properties 

[8-9]. However, the polyphenolic content of 

Phoenix dactylifera fruit extract and the anti-

oxidant activity is said to have a linear relationship 

[10]. Antioxidant agents from natural sources such 

as plants helps to compensate for degenerative 

diseases caused by free radicals [11].

Therefore, it is imperative to check the effects of 

Polyphenols of P. dactylifera (PPD) on MSG-

induced dentate gyrus neuronal damage in adult 

male Wistar rats, based on the rate at which MSG 

is being consumed and how this event can be 

associated with issues of learning and memory.

Material and Methods:

Ethical Approval:

The approval for this study was obtained from the 

Ethics Committee of the University of Ilorin 

through the Faculty of Basic Medical Sciences, 

University of Ilorin (UERC/ASN/2016/656).

Experimental Animals:

Thirty (30) male Wistar rats (Rattus novergicus), 

weighing between 150-180g were used for this 

study. The rats were gotten from the animal 

holdings of the Department of Zoology, University 

of Ilorin, and were acclimatized in the College of 

Health Sciences, University of Ilorin animal 

house, for two-weeks prior to commencement of 

the various treatments. The animals were housed 

in cages under normal light/dark cycle and at 

normal room temperature/humidity. Adequate 

food and water were available to these animals ad 

libitum [12].

Experimental Design:

The rats were randomly divided into five (5) 

treatment groups, with each group containing six 

(6) animals and treatments were done via oral 

route. Normal Saline (NS) 0.8 ml was given for a 

14 day period to the control group, PPD 500 mg/kg 

for 14-day period to positive control group, MSG 

4mg/kg for 14-day period to the negative control 

group, MSG 4 mg/g and PPD 500 mg/kg was 

administered concurrently for a 14-day period 

(MSG+PPD) to a treatment group and PPD 500 

mg/kg was given for 14 days followed by 

administration of 4 mg/kg of MSG for another 14-

day period (PPD then MSG) to another treatment 

group. At the end of the various treatments i.e., 

Twenty-four hours later, the animals were sedated 

with 20 mg/kg of ketamine and perfused through 

the heart. At the completion of perfusion, the whole 

brain tissues were excised and post-fixed in 4% 

paraformaldehyde overnight. The whole hippo-

campal regions were excised and equilibrated in 

30% sucrose solution. The sections were taken at 

2µm on paraffin wax embedded tissue blocks and 

later mounted on a glass slide. Harris Hematoxylin 

and Eosin (H&E) was used to demonstrate the 

general histo-architecture of the cells of the dentate 

gyrus and creysl fast to demonstrate Nissl bodies 

(endoplasmic reticulum and ribosome) in the cells 

of the dentate gyrus. All antibodies were procured 

from Dianova (GmbH/ Warbugstr. 45/20354 

Hamburg. Also, reagents and buffers used in this 

study were molecular biology grade (99.9% pure) 

from Sigma-Aldrich. 
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Determination of Biochemical Parameters:

The remaining brain tissues were homogenized in 

5% sucrose solution and taken to the centrifuge. 

The homogenate was spun for 10 minutes at 5000 

revolutions per minutes and the supernatants were 

placed in plain bottles and taken for analysis. 

Oxidative stress parameters examined were 

Malondialdehyde (MDA), Superoxide Dismutase 

(SOD), Glutathione Peroxidase (GPx). These 

analyses were done to check the level of oxidative 

stress produced in the MSG treated and compared 

to the effects in PPD treated rats. 

Isolation of Polyphenols:

Fruits of P. dactylifera were obtained locally in 

Minna, Niger State, Nigeria and were certified in 

the Department of Plant Biology, University of 

Ilorin, Nigeria, with a voucher specimen number 

is: UILH/001/1205. PPD was extracted by 

successive solvent extraction with n-hexane, ethyl 

acetate and methanol. P. dactylifera fruits were 

depitted, dried in air drying oven at 40˚C for 24 

hours and was milled manually with mortar and 

pestle. Five hundred gram of P. dactylifera fruit 

was soaked in a liter of each solvent successively 

with n-hexane, ethyl acetate and methanol 

respectively. Phytochemical analysis of the 

extracts from the three solvents was carried out. 

The extract from methanol, which was the last 

extracting solvent had flavonoids, phenols, tannins 

and saponins present.

Statistical Analyses:

The statistical package for social sciences (SPSS, 

version 20) was used to analyze the data by one-

way analysis of variance. All the values were 

reported as Mean ± Standard Error of Mean 

(SEM) and p < 0.05, was considered statistically 

significant.

Results:

PPD Attenuates MSG Induced Cell Damage:

The administration of MSG caused histo-

pathological damage to the granule cells in the 

dentate gyrus of the exposed rats, evidence 

suggests disoriented cellular arrangement coupled 

with numerous necrotic cells i.e., nuclear frag-

mentation (Fig. 1), accompanied by presence of 

dispersed and disintegrated Nissl bodies i.e., 

chromatolytic cells and reduced cellular density 

(Fig. 2) within the granule cells of the dentate 

gyrus. PPD administration prevented the severity 

of the degenerative activity of MSG by restoring 

the integrity of the cells with visible nuclei 

evidence of granule cells with their nuclei 

membrane intact in both MSG+PPD. Fig. 1a, also 

there was presence of Nissl bodies in the granule 

cells of both MSG+PPD and MSG then PPD Fig. 

1b, thereby reducing the number of cells 

undergoing the process of chromatolysis.

Fig. 1a: Representative Photomicrograph of the Dentate Gyrus of the Experimental Rats
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Effect of PPD on Oxidative Stress:

The mechanisms of action of MSG, can be through 

lipid peroxidation and generation of free radicals, 

which was also observed from this study as the, 

MDA concentration of the MSG treated rat was 

significantly higher than the control group (NS). 

PPD, significantly reduced the MDA concentration 

in the dentate gyrus of these animals as observed in 

the two groups (PPD+MSG, PPD then MSG) when 

compared to the MSG group were treated (Table 1). 

Furthermore, of MSG introduction led to the 

significant reduction in SOD and GPx concen-

tration in the dentate gyrus of the animals when 

compared to the MSG as seen in Table 1. However, 

the administration of PPD in both treatment groups 

(PPD+MSG, PPD then MSG) showed significant 

reductions in the concentrations of SOD and GPx 

in the dentate gyrus of these animals when 

compared to that group of MSG.

Groups SOD (U\L) GPx (U\L) MDA (U\L)

NS 130.7±0.5871 50.67±0.7149 1.196±0.01129

MSG 124.4±4.001 35.67±1.202 1.432±0.05653

PPD a b
72.41±1.006

a b
14.00±0.05653 

 a b
7.769±0.1648

PPD+MSG a b c
97.23±1.249 

a b c
21.33±0.8819 

 a b c
2.142±0.0912

PPD then MSG a b c112.5±4.145  a b c28.67±1.520 a b c1.770±0.0594 

Table 1: SOD, GPx and MDA Activities in Brain Homogenate Solution

Values were expressed in Mean ± SEM, a= represents the significant level in comparison to NS at 

p<0.05, b= represents significant level in comparison to group MSG at p<0.05, c= represents the 

significant level in comparison to group PPD at p<0.05, NS-Normal Saline, MSG- Monosodium 

glutamate, PPD-Polyphenols of P. dactylifera SOD – Superoxide dismutase; GPx – Glutathione 

Peroxidase; MDA - Malondialdehyde

Fig. 1b:
Rats exposed to Normal saline, Polyphenols of Phoenix dactylifera (PPD), Monosodium 
glutamate (MSG) only, MSG and PPD (MSG+PPD), PPD then MSG (PPD-MSG). (Scale 
bar: 10µm)

Representative Photomicrograph of the Dentate Gyrus of the Experimental Rats
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Discussion:

Wistar rats group were treated with MSG only that 

showed disorientation in cellular arrangement and 

cell membrane distortion. As resulted change in the 

membrane biophysics of the cell, causing 

excessive influx of calcium ion which led to cell 

death. Furthermore, there was migration of the 

nucleus from the centre of the cell body. This is 

characteristic evidence of pyknosis which is a 

result of DNA fragmentation and chromatin 

condensation, leading to nuclear fragmentation 

and vacuolization in some of the granule cells of 

the dentate gyrus of the rats. The degenerative 

changes observed in this study as a result of 

exposure to MSG, showcase the ability of MSG to 

initiate cellular necrosis and cause damage to the 

granule cells of the dentate gyrus of the rats [13]. 

Nevertheless, PPD has been well-known to 

possess various activities such as antioxidant, anti-

inflammatory and neuroprotective activities [10, 

14], this is evident in this study, as the rats that 

received PPD followed by the administration of 

MSG showed that PPD was able to protect the 

granule cells of the dentate gyrus of rats, the cells 

showed normal cyto-architecture with very 

minimal cellular disorientation. Also, the rats 

treated with MSG followed by PPD revealed, that 

some of the granule cells found in the granule layer 

of the dentate gyrus have some fragmented nucleus 

or has undergone vacuolization while some other 

granule cells appeared disoriented with minimal 

nuclear extrusion, although, in these group are 

neurons showing presence of normal nucleus, 

intact cytoplasm and normal cellular orientation 

and integrity. The protective and ameliorative 

effects of PPD supports that P. dactylifera acts 

through enhancing memory and learning, 

neuroprotective, anti-inflammatory, antioxidative 

and regenerative roles on the brain in the emerging 

data [9, 14-16]. The recovery and protection 

noticed in the granule cells of the dentate gyrus of 

rats in this study as resulted of the influence of PPD 

treatment before and after the use of MSG in the 

experimental groups respectively, which has 

established that P. dactylifera is able to protect and 

rescue neurons from insult that might have 

compromised the integrity of the cells in various 

parts of the brain of rats [14-15]. Also, it was 

revealed that the animals that received MSG only 

showed disintegrated and dispersed Nissl bodies in 

the cytoplasm of most neurons in the granule 

layers of the dentate gyrus. This implies chromato-

lysis, a process that most times leads to apoptosis 

of the neuron; furthermore, there was great cellular 

disorientation in the granule layer of the dentate 

gyrus of these rats. The rats that received MSG 

followed by PPD revealed that some of the neurons 

found in the granule layers still possess densely 

stained Nissl bodies in their cytoplasm. This 

suggests the influence of PPD on the toxic effect of 

MSG on the granule cells. Some of these neurons 

showed presence of abnormal cytoplasm and 

palely stained Nissl bodies. The rats that received 

PPD followed by the administration of MSG 

showed that PPD was able to protect the granule 

cells of rats, as they have normal cyto-architecture 

and densely stained Nissl substance of the neurons 

that was observed in the granule layer of the 

dentate gyrus. The degenerative changes observed 

in the dentate gyrus of the rat in this study, on 

exposure to MSG, which led to dispersed and 

disintegration of Nissl bodies suggests abnormal 

gene expression due to disrupted protein synthesis 
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in the neurons [17]. PPD showed the ability to 

mitigate damage to neurons and protect against 

intoxication in this study by mitigating the toxic 

effect of MSG on the Nissl bodies of the neurons 

and also protecting some of the Nissl bodies from 

MSG intoxication [9, 14-15].

The decrease in the SOD activity may be 

associated with the elevation of the intracellular 

concentrations of Hydrogen Peroxide (H O ) or 2 2

oxidative inactivation of the enzyme due to 

excessive Reactive Oxygen Species (ROS) 

generation [18] as seen in animals treated with 

MSG alone. Although, PPD was able to regulate 

the activities of SOD against MSG induced 

oxidative stress in the dentate gyrus of rats and it 

shows more efficiency when PPD was admini-

stered before MSG. Therefore, it means that PPD 

regulated the activities of SOD enzyme by 

increasing the dismutation of superoxide ion 

produced by MSG into oxygen molecule and 

hydrogen peroxide (which is less damaging) in the 

dentate gyrus of these rats [9,13]. Furthermore, 

this study suggested that PPD was able to regulate 

the activities of GPx against MSG induced 

oxidative stress in the dentate gyrus of the rats and 

shows more efficiency when PPD was admini-

stered before MSG. This study suggests that PPD 

helps regulate the activity of the GPx enzyme by 

detoxification of peroxides produced by MSG in 

the dentate gyrus of rats [19-20]. Glutathione 

reacts with ROS and nucleophilic compounds, the 

reaction is catalyzed by GPx [21]. Lastly, PPD 

regulated the activities of malondialdehyde in the 

dentate gyrus of the rats against the MSG induced 

oxidative stress. It implied that PPD was able to 

inhibit neuronal injuries from propagating chain 

reaction of lipid peroxidation caused by MSG in 

the dentate gyrus of the rats by enhancing cell 

signalling, reduce protein and DNA damage [22-

23].

Conclusion:

This study demonstrated the activities of PPD and 

MSG on the dentate gyrus of Wistar rats. PPD acts 

as an ameliorative agent against the insult or 

damaging effects of MSG by restoring the 

cytoarchitectural integrity of cells, reduced the 

process of chromatolysis, increasing the dismuta-

tion of superoxide ion oxygen molecule and H O , 2 2

detoxification of peroxides, enhancing cell 

signalling, reduce protein and DNA damage. This 

study thus suggests that P. dactylifera was able to 

amend the damage of cells induced by MSG in the 

dentate gyrus of the Wistar rats. 
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