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 Objective: This study was carried out to evaluate the detoxifying effects of aqueous extract of Moringa 
Oleifera on sodium fluoride-induced neurotoxicity in male Wister rats. 
Design: Randomized controlled study. 
Animals: Forty rats 
Procedures: Rats were allocated into four equal groups (10 each). Basically, each group received the same 
basal diet for 30 days. The first group was not received additional treatment (negative control). However, 
the second group received 20 mg/kg b.wt sodium fluoride daily (positive control), the third group received 
sodium fluoride at a dose of 20 mg/kg b.wt and Moringa Oleifera at 300 mg/kg daily, and the fourth group 
received sodium fluoride at a dose of 20 mg/kg b.wt and Moringa Oleifera 500 mg/kg daily using a stomach 
tube. 
Results: Dopamine and serotonin were significantly increased in Moringa Oleifera treated rats at 300 and 
500 mg/kg in comparison with rats treated with sodium fluoride, but the higher dose of M. Oleifera 
achieved the best result (1.23±0.13 vs. 0.31±0.013) and (2.95±0.019 vs. 0.91±0.016) respectively. TAC, SOD, 
catalase were significantly increased in Moringa Oleifera treated rats at 300 and 500 mg/kg in comparison 
with rats treated with sodium fluoride, versed with MDA significantly decreased in Moringa Oleifera 
treated rats Also, to improve the anatomical structure of the disease in the brain reduces heavy bleeding 
and neurodegenerative changes, and maintains normal nerve cells, improves antioxidant ability as a whole. 
Conclusion and clinical relevance: Collectively, our results indicate that Moringa Oleifera watery extract 
has a detoxifying effect on NaF induced neurotoxicity via improving neurotransmitters andantioxidant 
activity. 
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1. INTRODUCTION

The toxicity of nervous system can be caused by several 
neurotoxins which is either naturally or manufactural produced 
and cause changes in the function of neuron neurotoxicity 
arises from exposure to substances used in radiation 
treatment, drug therapies, heavy metals, chemotherapy, as 
well as exposure to certain foods and food additivespesticides, 
certain drug abuse, industrial and/or cleaning solvents,  and 
cosmetics[1]. 

Fluoride exposure can come from drinking water, food, 
toothpaste, mouthwash, and other dental products; Medicines, 
fluoride powder and fumes from industries that use fluorine-
containing salt and/or hydrofluoric acid lead to the release of 
superior anion oxide (O2-), [2] the overproduction of O2 and 
the consequences of its products such as hydrogen peroxide, 
peroxynitrite and hydroxyl radicals that are important for 
improving toxic effects Fluorine due to the accumulation of its 
products, [3].Experimental tests have indicated that exposure 
to fluorine causes oxidative stress either in the laboratory or in 
vivo in soft tissues such as the liver, kidneys, brain, lungs, and 

testes [4]. Fluorine inhibits the activities of the superoxide 
dismutase, glutathione Peroxidase;catalaseand reduces 
glutathione levels that leadto excessive production of reactive 
oxygen at the mitochondrial level, with the consequent damage 
to cellular components. Moreover, the production of excessive 
reactive oxygen species causes oxidation of large molecules, 
rupture of phospholipids, lipid peroxidation, depolarization of 
the mitochondrial membrane, and cell apoptosis [4] Therefore, 
an urgent request is required to reduce the toxic effects of 
fluoride. Unfortunately, potential medications to treat most 
brain diseases are often unable to cross brain barriers, and even 
those that can cross these barriers may be disrupted by many 
metabolic pathways. The search for new drug treatment from 
medicinal plants for neurotoxic diseases has progressed 
significantly over the past decade [5].In traditional medicine, 
many plants have been used to treat cognitive disorders. 
Natural products play an essential role in the prevention and 
treatment of various neurodegenerative diseases and 
neurological disorders. Anti-inflammatory and antioxidant 

mailto:dr.abeershalan@yahoo.com
https://orcid.org/0000-0002-1497-7811
https://orcid.org/0000-0002-1497-7811
https://en.wikipedia.org/wiki/Radiation_treatment
https://en.wikipedia.org/wiki/Radiation_treatment
https://en.wikipedia.org/wiki/Drug_therapy
https://en.wikipedia.org/wiki/Heavy_metals
https://en.wikipedia.org/wiki/Chemotherapy
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Food_additive
https://en.wikipedia.org/wiki/Food_additive
https://en.wikipedia.org/wiki/Drug_abuse
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Cosmetics
https://www.crossref.org/services/crossmark/


                                                  A. Shalan et al. 2021/ Moringa olefiera and Neurotoxicity in rats                                                92 

 
Mansoura Vet Med J 22:2 (2021) 91-96 

 

activities of isolated plants and components are plants that 
have been used to improve neuritis, anxiety, and spasm [6].  

Moringa Oleifera has been reported as an anti-cancer, anti-
inflammatory, thyroid condition, antioxidant, antimicrobial, 
cardiovascular, liver, anti-ulcer, diuretic, anti-urinary, and 
Anthelmintic properties [7].Some researchers have also 
reported possible hypoglycemia of Moringa Oleifera leaves [8]. 
Moringa can also be used as one of the strong nerves. Cerebral 
ischemia is caused by a blockage of blood flow to the brain. This 
leads to a re-pumping of oxidation and excretion of fatty 
oxidation, which in turn causes reactive oxygen species. 
Moringa with antioxidants can reduce reactive oxygen species, 
thereby protecting the brain [9]. Therefore, the current study 
was conducted to assess the potential protective role of 
Moringa Oleifera in rats exposed to the neurotoxicity of sodium 
fluoride by identifying neurotransmitter activities, antioxidant 
status, and tissue screening.  

2. MATERIALS AND METHODS 
 

2.1. Rats 

In this study, 40 male Wister rats (130-180 g) were 
obtained from the Nile Institute (Mansoura, Egypt). Rats were 
kept in standard laboratory conditions in an air-conditioned 
room located in stainless steel cages, one for each cage at a 
temperature of 22 ± 3 ° C and relative humidity of 30-70%. The 
animal diet was managed adlibitum. The animals were 
acclimated for two weeks before the experiment. 

2.2. Sodium Fluoride  

Sodium fluoride (NaF) was purchased from Sigma 
Chemicals, St. Louis, Missouri, USA. The stock solution was 
prepared by dissolving 100 g of NaF in 1000 ml of distilled 
water. The dosage schedule was so appropriate that the 
amount of NaF administration per animal depended on their 
weight. 

2.3. Moringa Olefiera 

Moringa Oleiferapapers were brought from the local 
market, Mansoura, Egypt. (10 g of leaves were ground and 
homogenized with 60 ml of distilled water in the electric mixer. 
Then a decoction was filtered through sterile gauze. The 
transparent filter was stored in the refrigerator at 4°C and 
served from the raw extract broth the weight of the extract was 
expressed as the weight of the Moringa Oleiferaleaves that 
produced a quantity of the raw extract was the final 
concentration of the extract (200 mg/ml) [9]. 

2.4.  Preparation of diets and experimental design 

Diet formulation was performed in this study according to 
NRC (Tables 1 and 2). Rats were kept in stainless steel cages in 
hygienic conditions and fed for two weeks on a basal diet (BD) 

to adapt and supplied with adlibitum water. After a period of 
adaptation to the basaldiet, the rats were divided into 4 
groups;Four diets were formulated first one contains basal diet 
as control (negative control),second one contain basal diet 
supplemented with 20 mg/kg b.wt sodium fluoride (positive 
control) [10], and the third one contains basal diet 
supplemented with 20 mg/kg b.wt + Moringa Oleifera 300 
mg/kg,and fourth one contain basal diet supplemented with 20 
mg/kg b.wt + Moringa Oleifera 500 mg/kg using stomach tube 
and fed to rats daily for 30days [10].  

Table 1. The food ingredients for every 100 kilograms of rat diet. 

For each 100 kg 

Food ingredients  Number of kilograms  

1)Crushed Yellow Corn 40kg 
2)Wheat Flour 25kg 
3)Soya bean meal 8kg 
4)Milk powder 7kg 
5)Wheat bran 8kg 
6)Crushed Hay 10kg 
7)Mineral and vitamins premix 250g 
8)Salt 875g 
9)Lime stone 875g 

Table 2. The diet formulation according to NRC. 

Nutrient  Amount /kg die 

 
Protein 

 
150g/kg 

Fat 50g/kg 
Energy 3800-4100kcal/kg 

2.5. Sample collection 

At the end of the experiment, the animals have fasted 
overnight, and then theywereanesthetizedusing cotton swap 
saturated by Isoflurane up to 5% for induction under flask [11] 
and sacrificed to obtain blood samples direct from the heart. 
Blood and brain tissue samples were collected 30 days after the 
start of the experiment. 

2.6. Blood Samples 

Each blood sample is divided into two parts; each blood 
sample is divided into two parts; the first blood sample was 
collected on 10% Na-EDTA tubes for conducting a complete 
blood count using Hematology Analyzer 3 Part Bc-2800 Single 
Chamber Hematology Analyzer. and the second blood was 
collected on a clean and sterile tube that was centrifuged at 
3000rpm for 15 minutes for serum separation for determining 
the concentrations of serum total cholesterol (TC)[12], serum 
triacylglycerol (TAG)[13], serum high-density lipoprotein-
cholesterol (HDL-c)[12], serum low-density lipoprotein-
cholesterol (LDL-c)[13], serum total antioxidant capacity 
(TAC)[14], serum malondialdehyde [16],as well as the activities 
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of serum superoxide dismutase (SOD)[15] and serum 
catalase[17]measured at 634 nm using a spectrophotometer. 

2.7. Tissue Sampling 

Brain divided into two parts;Brain divided into two parts; 
the first part of brain tissues was stored in 10% formalin for 
histopathological examination according to Woods [18],while 
the second part was stored at 2-8 ℃ for determination of 
serotonin and dopamine. Melt the samplethen add a certain 
amount of PBS (PH 7.4) and carefully homogenize the sample 
by hand or mixer. Centrifuge (at 2000-3000 rpm) for 
approximately 20 minutes. Carefully collect floating materials. 
Aliquot and keep one for examination and freeze others for 
later use to determine dopamine and serotonin [19] [20]. 

2.8. Statistical analysis 

Results were reported to mean ± SEM *. Statistical analysis 
was performed using the Shapiro-Wilk test to assess the 
normality of data, unidirectional ANOVA *, and the Pearson 
correlation coefficient. Values were considered significant 
<0.05. SPSS version 19 was used [21]. 

3. RESULTS  
3.1. Effect of Moringa Oleifera water extract on CBC 

parameters  

Supplementation of Moringa Oleifera water extracts 
significantly increased Hb, RBCs, WBCs, and PCV levels as 
compared to group 2 treated with NaF (Table. 3). 

Table 3. Effect of Moringa Oleifera watery extract on CBC parameters 
at 30 days post-treatment. 

 RBCs(*
1012/L) 

Hb(g/L) PCV (%) WBCs 
(*109/L) 

Neutrop
hils 

Lympho
-cytes 

G1(negati
ve control) 

7.17±0.
051ab 

12.5 
±0.10a 

12.31 
±0.062a 

37.09 
±0.027b 

39.67 
± 26.27a 

70.33 
± 1.53b 

G2(NaF20
mg/kg ) 

6.63±0.
066c 

11.6 
±0.07b 

9.74 
±0.04d 

34.47 
±0.078b 

20.67 
± 6.42a 

59.00 
± 26.06b 

G3(NaF 
20mg/kg+
300 
mg/kgM.O 

7.03±0.
036b 

11.7 ± 
0.12b 

11.54 
±0.054c 

36.71 
±0.045b 

22.00 
± 8.00b 

76.67 
± 5.77c 

G4(NaF20
mg/kg 
+500mg/k
gM.O) 

7.28±0.
077a 

12.6  
± 0.09b 

11.76 
±0.056b 

70.82 
±3.68a 

28.67 
± 3.21a 

76.00 
± 7.55c 

Results were expressed as mean with its standard error of the mean. In each 
column, the means carried similar letters showed a non-significant change. 

3.2.  Changes in the levels of lipid profile parameters in rats 
exposed to NaF induced neurotoxicity and supplemented 
with Moringa Oleifera water extract  

Moringa Oleifera decrease lipid profile parameters that 
increased due to NaF exposure (Table. 4). 

3.3.  Effect ofMoringa Oleifera water extract on antioxidant 
activity. 

A marked increase in total antioxidant capacity, SOD, 
catalase with a decrease in MDA level in groups treated with 
Moringa Olefiera water extract (Table. 5).  

Table 4. Levels of cholesterol, Triglyceride, High-density lipoprotein, 
and Low-density lipoprotein (mmol/L) in rats exposed to NaF induced 
neurotoxicity and supplemented with Moringa Oleifera watery extract  
At at 30 days post-treatment. 

Table 5. Effect of Moringa Oleifera watery extract on antioxidant 
activity and oxidative stress markers in rats exposed to NaF induced 
neurotoxicity. 

 Total 
antioxidant 
capacity(mM/L)   

SOD 
(u/mL) 

MDA 
(nmol/mL) 

Catalase 
(U/L) 

G1(negative 
control) 

0.659 
±33.83b 

89.1 
±2.25b 

3.43 
±0.23b 

354 
±0.07b 

G2(NaF 20mg/kg ) 0.624 
±28.16a 

64.31 
±2.6b 

6.19 
±0.35a 

603 
±0.02b 

G3(NaF20mg/kg+ 
300 mg/kgM.O) 

0.693 
±13.19a 

169.6 
±11.13a 

3.08 
±0.12b 

616.5 
±0.006b 

G4(NaF 
20mg/kg+500mg/
kgM.O) 

0.695±4.98a 163.55
±12.57a 

3.44±0.0
9b 

603±0.1a 

Results were expressed as mean with its standard error of the mean. In each 
column, the means carried similar letter showed a non-significant change 
 

3.4. Effect of Moringa Oleifera water extracts on 
neurotransmitters levels 

Moringa Olefiera water extract improves 
neurotransmitters (dopamine and serotonin) levels when 
compared with NaF treated group (Table. 6). 

3.5. Histopathologicalexamination 

Brain tissue of G2 is showing neuronal necrosis (arrow). 
While brain tissue of G3 showing chromatolysis (arrow) and 
normal blood capillaries (arrowhead).Brain tissue of the G4 
brain is showing normal neurons (arrow) and normal blood 
capillaries (arrowhead). Figures 1 A, B, C, and D respectively. 

 

 Choles-
terol 

Trigly-
ceride 

High-
density 
lipoprotein  

Low-density 
lipoprotein  

G1(negative 
control) 

65.45 
±5.34a 

94 
±2.25b 

33.15 
±4.86b 

105.85 
±3.07b 

G2(NaF20mg/kg) 67.15 
±2.99b 

115 
±3.62a 

50.45 
±7.08a 

10.65 
±2.44b 

G3(NaF 
20mg/kg+300 
mg/kgM.O) 

63.7 
±2.047c 

72 
±2.561c 

43 
±2.72b 

30.3 
±2.55b 

G4(NaF 20mg/kg 
+500mg/kgM.O) 

62 
±2.278c 

71 
±3.443b 

36.15 
±3.6b 

26.35 
±4.17a 

Results were expressed as mean with its standard error of the mean. In 
each column, the means carried similar letter showed a non-significant 
change 
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Table 6.Effect of Moringa Oleifera watery extracts on 
neurotransmitters levelat 30 days post-treatment. 

 Dopamine (μg/100g 

tissue) 

Serotonin (μg/100g 

tissue) 

G1 (negative 

control) 

2.21±0.062a 3.19±0.042a 

G2(NaF20mg/kg ) 0.31±0.013d 0.91±0.016d 

G3 (NaF 20mg/kg+ 

300 mg/kgM.O) 

0.84±0.097c 1.86±0.043c 

G4 (NaF 20mg/kg 

+500mg/kgM.O) 

1.23±0.13b 2.95±0.019b 

Results were expressed as mean with its standard error of the mean. In each 
column, the means carried similar letters showed a non-significant change. 

 

Fig 1 Histopathologicalexamination of brain tissues of rats exposed to 
Nafl induced neurotoxicity and supplemented with Moringa Oleifera 
water extract(A) Brain tissue of group 1, (B)  Brain tissue of group 2 
neurodegenerative changes Some pyramidal neurons showed 
chromatolysis and were shrunken with vacuolation around them,The 
nuclei of some pyramidal neurons was eccentric in neuroplastic 
andother wereshowing necrosis. Some granule cells were swollen in 
shape and size. At some location, neuropil exhibited heterogeneous 
acidophilic masses containing fragments of nuclei and clear halos.(C) 
Brain tissue of group 3release to degeneration and (D) Brain tissue of 
group 4 normal cells. (HE, 100x). 

4. DISCUSSION 

A model for stimulating neurotoxicity in animals is the 
administration of sodium fluoride as described in [22]. In the 
present study, the administration of NaF caused an increase in 
total lipids, cholesterol, triglycerides, HDL, Causing a decrease 
in TAC, MDA, catalase, and SOD compared to the control group. 
A significant return to normal occurred after the M.O. Leaves 
watery extract was given at a dose of 500 mg more than a dose 
of 300 mg. This improvement may be because M.O. is the fat 
reducing agent while the increase in the level of antioxidants 

can be attributed to Moringa's antioxidant activity. 
M.O.indicated its hypolipidaemic activity as its leaves are a 
good source of phytochemicals including flavonoids, phenols, 
and carotenoids; β-sitosterol that has a similar structure to 
cholesterol structure, except for cholesterol substitution [23]. 
Ethyl C24 group of its side chain. It was believed that this 
compound could lower cholesterol by lowering plasma LDL-C 
concentrations. Therefore, β-sitosterol in M.O. leaves is a 
bioactive plant component representing the effect of 
hypolipidaemic from M.O. extract [23].Another possible reason 
is that β-sitosterol may reduce the intestinal absorption of 
dietary cholesterol and may partially explain the plasma lower 
cholesterol and fecal cholesterol in rodents treated with 
M.O.leaves [24]. 

In this study, the antioxidant activity of Moringa leaves 
extract can be attributed to its phenolic content and related to 
the destruction of flavonoids isolated from this plant. It is 
consistent with many reports on flavonoids from the 
Moringaceae family which includes quercetin 3-O-
rhamnoglucoside and quercetin 3-O-glucoside in M. 
stenopetala, quercetin 3'-methoxylated, vitexin, quercetin 3-O-
glucoside, quercetin 3-O-6 "-malonyl-glucoside and lower 
kaempferol quantities 3-O-glucoside and kaempferol 3-O- (6 "-
Malonyl-glucoside) in the leaves of M.O.and myricetin in the 
seeds of M.O.showed anti-oxidant activity [25]. 
The results showed that M.O. extracts can resist the formation 
of free radicals and other reactive species resulting from the 
state of the disease, thereby reducing oxidative stress and 
preventing the results of oxidative damage from aligning with 
the results obtained by Sreelatha [26] that reported that the 
M.O.plant was reported to prevent Structural changes and 
oxidative damage to the rat lens by improving enzymatic 
antioxidant activities, lowering the level of lipid peroxide and 
inhibiting the formation of free radicals or reactive 
typesofoxygen(ROS)[26]. 

In addition to the antioxidant effects, Moringa leaves have 
been found to have a nutritional value that helps improve 
overall health by maintaining blood parameters (volume of 
packed cells, number of white blood cells, and differentiation of 
white blood cells as cause increase in the level of lymphocyte 
count in all the test groups. hemoglobin and platelets) relieve 
iron deficiency anemia, which has also been reported It is 
positively affected by the use of this plant [27] This can be 
attributed to its content of essential vitamins such as vitamins 
A, complex B (which includes B1, B3, B6, and B7), C, D, E, and K. 

On the other hand, treatment with MO increases the level 
of dopamine can have a protective action on dopaminergic 
neurons in the cortical and hippocampal regions, and thus can 
support the memory process [20]. The MO leaves extract can 
eventually work by stimulating adrenergic receptors in different 
areas of the brain. MO treatment showed an increase in beta 
wave frequency along with a significant decrease in the number 
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of peak discharges indicating a role in improving coordinated 
and integrated brain function. MO leaf is a powerful source of 
antioxidants like vitamin C and E and other flavonoids, amino 
acids, alkaloids, and various other compounds, which can be a 
powerful memory enhancer [28]. 

Most of the 5-hydroxy tryptamine (5-HT) in the brain is 
located in the hypothalamus, the hypothalamus, the middle, 
and the fourth brain of the lower brain stem. There was growing 
evidence that the 5-HT system was important in regulating 
memory and could, therefore, be associated with attention 
deficit disorder while research results on this topic were 
inconsistent. Serotonin is associated with emotional behavior 
in rats [29]. Therefore, it can be assumed that anxiety in 
Alzheimer's disease may be associated with serotonin disorder 
activity. In our results, MO water extracts significantly increase 
serotonin levels and thus increase the 5-HT level. 5-HT shows 
an inhibitory action in the central nervous system. 
Consequently, a 5-HT reduction in DC could have increased the 
number of peak discharges [30] 

Moringa Oleifera plant extract is also a powerful cofactor 
that reduces neurodegeneration in the brain of rats treated 
with NaF [29]. Our results were confirmed by pathological 
results that showed that the degenerative change of 
neutrophils and neurodegenerative changes observed in 
different areas of the brain (neocortex, hippocampus, 
cerebellum) (Figure 1B) were improved after treatment with 
MO since the brain pathological tissues of groups with The 
acute management of Moringa olefiera extracts has less 
neurological degeneration and neurons look normal as shown 
in (Figure 1.C). 

Conclusion 

In conclusion, our study suggested protective effectsin the 
treatment of neurotoxicity due to the direct impact on 
neurotransmitters, and the improvement of the entire blood 
profile has an important role as a factor of hypolipidemia (pure 
antioxidants). 
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