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THERAPEUTIC EFFECTS OF CALCIUM DISODIUM EDETATE AND ALPHA-LIPOIC ACID 

COMBINED AND MORINGA SEEDS POWDER ON NEUROTOXICITY IN RATS 

Abd El-Ghany M. A*  Ghozy, S. F. * Sultan, Y. M.* 

Abstract: 

The current study was aimed to investigate the therapeutic effects of 
calcium disodium edetate (CaNa2EDTA) and Alpha lipoic acid (ALA) 
combined and moringa seeds powder (MOS.P) against lead and cadmium-
induced neurotoxicity in rats. Twenty-four Albino male rats, weighing 158 ± 
3 g were randomly divided into four groups (6 each). The first group served 
as a negative control group (-ve), second group served as untreated 
neurotoxicity group (+ve) and two treated groups with CaNa2EDTA and 
ALA combined and MOS.P. The experiment lasted for 60 days. Food intake 
and rat's weight were recorded to obtain nutritional parameters. Blood 
samples were collected to assays the levels of Cyclooxygenase-2 (COX-2), 
C- reactive protein (CRP), Lactic Dehydrogenase (LDH), Acetyl 
cholinesterase (AChE), Dopamine (DA), Serotonin (ST), lipid peroxidation, 
antioxidant enzymes activity, some kidney and liver functions. Also, the 
histopathological examination changes in brain tissue. The study results 
treated with CaNa2EDTA and ALA combined and MOS.P showed a 
significant improvement in serum levels of COX-2, CRP, LDH, AChE, DA, 
ST, Lipid peroxidation, Antioxidant enzymes activity, and some kidney and 
liver functions, when compared to untreated neurotoxicity group (+ve).  

We recommend consuming moringa seeds and Alpha-lipoic acid 
with diets because they have anti-neurotoxicity and antioxidant properties, 
which play a significantly safer role than calcium disodium edetate in the 
treatment of lead-cadmium toxicity and inhibit its complications. 

Keywords: Moringa oleifera Lam., Neurotoxicity, Thioctic acid, 
Sodium calcium edetate, Lead, Cadmium and Rats. 
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INTRODUCTION: 

Neurotoxicity is a direct effect or indirect effect of chemical 
materials that deactivate the nervous system of humans and animals (Sainio, 
2015). Lead (Pb) and Cadmium (Cd) are ecologically prevalent neurotoxic 
heavy metals (Diaconu et al., 2020). They accumulate in the brain causing a 
disturbance in the homeostatic equilibrium in the central nervous system, 
which accelerates the appearance of neurotoxicity and neurodegeneration 
diseases. (Abd El-Ghany et al., 2017 and Li et al., 2021).  

Sodium calcium edetate or calcium disodium edetate (CaNa2EDTA) 
is an EDTA derivative salt with two sodium atoms and one calcium atom 
(Barton, 2014). CaNa2EDTA can be useful for chelating metal ions to 
prevent inflammatory changes from taking place, such as short-term and 
long-term poisoning of Pb, and Cd (Mostafalou et al, 2015).  

Alpha-lipoic acid (ALA) "also known as thioctic acid" is an 
antioxidant naturally occurring compound that's produced in the body to 
protect against body cell damage. ALA can form complex compounds with 
metal ions such as manganese, cadmium, lead, nickel, cobalt, and iron to 
prevent free radical-induced tissue damage or inactivation of the antioxidant 
enzymes (Yuan et al., 2019 and Bilska-Wilkosz et al., 2019). ALA can be 
obtained from natural sources, such as Animal products like red meat, liver, 
heart and kidneys, but plant foods like beets, carrots, tomatoes, spinach, 
broccoli, potatoes, and yeast (Liu et al., 2022).  

Moringa (Moringa oleifera Lam.) is a perennial, fast-growing, and 
drought-resistant tree (Fahey, 2005). The moringa seeds (MOS) have 
attracted scientific interest due to their containing lipids of about 19-47% 
including a high-quality fatty acid composition, therefor its considered 
oilseed. The seeds are also rich in protein (31.4%), carbohydrate (18.4%), 
fiber (7.3%), ash (6.2%), and Moisture (7%). MOS also contains pro-
vitamin A, vitamin E, and vitamin B group, in particular, Thiamin (B1). It 
also good source of minerals, micronutrients, and bioactive elements like 
Phytates, Flavonoids, Saponins, Trypsin inhibitors, and Sterols (Velázquez-
Zavala et al., 2016 and Leone et al., 2016). The Ayurvedic medicine books 
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include records about the use of moringa for the treatment of pain in joints, 
stomach, headache, ears, arthritis, as a cardiac and circulatory stimulant, to 
treat physical weakness, kidney and liver problems, colds, fever, stomach 
worms, epilepsy, ulcers, anemia, delirium, snakebite, chelating metal and as 
a rubefacient (Kumar et al., 2015 and Dhakad et al., 2019). Accordingly, 
this study aimed to assess the potential impact of a combination of Alpha-
lipoic acid and CaNa2EDTA, as well as moringa seeds powder, in 
mitigating neurotoxicity induced by lead (Pb) and cadmium (Cd) in rats.  

MATERIALS AND METHODS 

A-Materials: 

Moringa (Moringa oleifera Lam.) seeds was purchased from the 
products selling unit at the National Research Center, Dokki, Egypt. 
Cadmium Chloride (CdCl2.H2O) 98% pure and Lead Acetate [Pb 
(CH3COO)2.3H2O] 99% pure were obtained from El-Gomhouria Company 
for trading Drugs and Chemicals, situated in Mansoura city branch, 
Dakahlia Governorate, Egypt. Thioctic acid drugs were purchased from a 
local pharmacy at Mansoura city. Ethylenediaminetetraacetic acid calcium 
disodium salt (CaNa2EDTA) was purchased commercially from Sigma-
Aldrich Corporation in St. Louis, Missouri, USA. The basal diet was 
prepared according to NRC (1995). Twenty-four healthy Albino male rats 
of Sprague–Dawley strain weighing 158 ± 3 g were purchased from the 
laboratory animal farm of Veterinary Medicine at Zagazig University in 
Egypt.  

B-Methods: 

Moringa seeds powder: 

Moringa seeds were thoroughly checked to remove any impurities 
and then ground into a powder. Then, the whole seeds powder was saved in 
well-closed, opaque glass jars in the refrigerator to prevent lipid oxidation 
until used in diet preparation. The basic diet was supplemented with 5% 
moringa seeds powder by substituting some of the diet components. 
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Induction of Neurotoxicity (NT): 

Lead Acetate Pb (CH3COOH 2) and Cadmium chloride (CdCl2) are 
used for experimental induction of neurotoxicity in rats. Pb and CdCl2 were 
prepared as a mixture of a toxic solution by dissolving the following doses 
in 1 ml distilled water at a dose of Pb (30 mg/kg b.w.) according to Saleh & 
Meligy (2018), combined with the dose of Cd (5 mg/kg b.w.) according to 
Mohammed et al., (2014). The toxic solution was freshly prepared daily 
and administered orally gavage in a volume of 1 mL/kg b.w. once daily for 
30 days before treatment.  

Alpha lipoic acid solution: 

Thioctic tablets, manufactured as a pack of contained 30 film-coated 
tablets. Each tablet contains 300 mg of alpha lipoic acid. The tablets were 
crushed and suspended in distilled water, and administrated orally gavage as 
a freshly prepared daily solution at a therapeutic once daily dose of (54 
mg/kg b.w.) for 30 days after toxicity according to El-Sayed et al., (2016).  

CaNa2EDTA solution: 

The solution was made fresh daily by dissolving CaNa2EDTA in 
sterile saline to a concentration of 50 mg/mL, then was given as 
intraperetinoel injection in a therapeutic once daily dose of (50 mg/kg) for 5 
sequential days depending on the body weight of each rat according to 
Sánchez-Fructuoso et al., (2002). 

Experimental Animals Protocol: 

Rats were kept under surveillance for seven days for adaptation and 
fed on basal diet. Six rats served as negative control group (-ve) and 
eighteen rats were orally gavage received a mixture of a toxic solution of Pb 
(30 mg/kg b.w.) according to Saleh & Meligy (2018), combined with the 
dose of Cd (5 mg/kg b.w.) according to Mohammed et al., (2014) for 30 
days to induce Neurotoxicity. Then, rats were randomly divided into three 
groups (6 each), one group served as untreated neurotoxicity group (+ve) 
and two served as treated groups as the following: group with combined  of 
CaNa2EDTA (50 mg/kg b.w. i.p) a once-daily dose for 5 consecutive days 
according to Sánchez-Fructuoso et al., (2002), along with Thioctic acid 
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tablets (ALA) administrated by oral gavage as a freshly prepared daily 
solution at a once-daily dose of (54 mg/kg b.w.) according to El-Sayed et 
al., (2016) for 30 days, and group treated with moringa seeds powder 
(+MOS.P): treated with 5% moringa seeds powder by substituting some of 
the basic diet components, for 30 days. Food and water was provided ad-
libtum.  Food intake was recorded daily and body weight of rats was 
measured once weekly, until the end of experimental period (60 days). All 
the biological experimental procedures were performed according to 
Internationally Ethical Guidelines for the care and use of laboratory animals. 
Permission to conduct the experiment was obtained from the Research 
Ethics Committee at the Faculty of Specific Education, Mansoura 
University. 

Chemical composition of Moringa seeds samples: 

Moisture, fat, protein, fiber and ash contents in dry weight (D.w) 
were determined according to the methods of the AOAC (2005). Total 
carbohydrates and Nitrogen-free extract (NFE) were calculated by 
difference as following: 

Total carbohydrates% = 100 - (moisture % + protein % + fat % + ash %). 

Nitrogen-free extract% = 100 - (moisture% +protein% +fat % +ash %+ fiber %). 

Energy was expressed in kilocalories per 100g according to Watt & 
Merrill (1963) , using the following formula:  

Energy (kcal.100g) = (g of protein x 4) + (g of fat x 9) + (g of carbohydrate x 4). 

Nutritional Parameters: 

The amounts of food intake was recorded daily, while rat's weighted 
once a week to identify body weight gain. Body weight gain, feed efficiency 
ratio (FER), and protein efficiency ratio (PER) calculate according to 
Chapman et al., (1959). 

Biological analyzes:  

At the end of experimentation, animals were anesthetized by di-ethyl 
ether and blood samples were gathered from the inner canthus of the rat's 
eye using heparinized capillary tubes, and then the serum was taken after 
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centrifugation at 3000 rpm for 10 minutes. The serum biochemical analysis 
includes the following: 

Cyclooxygenase-2 (COX-2), C-reactive protein level (CRP), Lactic 
Dehydrogenase (LDH),) were measured depending on the method of (Van 
Weemen & Schuurs, 1971; Vaishnavi, 1996 and Vassault, 1983, 
respectively). Acetyl cholinesterase (AChE) levels were assessed by using 
the manufacturer's protocol of a Rat Acetylcholinesterase ELISA Kit 
Principles (No. DEIASL417; Creative Diagnostics Co., Shirley, New York, 

USA). Dopamine (DA) level was assessed by enzyme-linked 
immunosorbent assay using the manufacturer's protocol of a Mouse/Rat 
Dopamine ELISA Assay Kit (No. DOU39-K01; Eagle Biosciences, Inc., 

Boston, USA). Serotonin (ST) levels were assessed by using the 
manufacturer's protocol of a Rat Serotonin ELISA Kit (No. LS-F27987; 

LifeSpan Biosciences, Inc., Seattle, Washington, USA), were determined 
according to (Kelishadi et al., 2018).  

Serum Lipid peroxidation (Malondialdhyde "MDA") and 
Antioxidant enzymes: Catalase (CAT), superoxide dismutase (SOD), 
Reduced Glutathione (GSH). Glutathione Peroxidase (GPx) were 
determined according to the method described by (Paoletti & Macali, 
1990; Eze et al., 2008; Sinha, 1972; Rice-Evans & Miller, 1994 and 
Paglia & Valentine, 1967, respectively). Some serum kidney and liver 
functions: Urea, Creatinine, Total Bilirubin (T.BiL), Alanine 
aminotransferase (ALT), Aspartate aminotransferase (AST) and Alkaline 
phosphatase (ALP) were determined according to (Rock et al., 1987; 
Henry et al., 1974; Young et al., 1975; Belfield & Goldberg, 1971 and 
Orlowski & Meister, 1963, respectively). 

Histopathological examination of the brain tissue: 

The brain tissues were stained with hematoxylin and eosin (H&E) 
for histopathological examination according to Bancroft et al., (1996).  

Statistical data analysis: 

Gathered data were analysis according to SPSS program according 
to Abu-Bader (2011). 
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RESULTS AND DISCUSSION: 

Chemical composition of chia seeds samples: 

The data in table (1) showed moringa seeds chemical composition as 
a percentage as the following: moisture content is 6.77 ± 0.08%, fat content 
is 29.23 ± 0.06%, protein content is 31.17 ± 0.07%, ash content is 4.31 ± 
0.04%, total carbohydrate (T. Carb) content is 28.51 ± 0.24%, fiber content 
is 5.13 ± 0.05%, Nitrogen-free extract (NFE) content is 23.39 ± 0.29% and 
energy is 501.83 ± 0.20 kcal.100g. This finding is nearly similar to a study 
showed the chemical composition of whole moringa seeds contains as the 
following: 6.70% moisture, 31:30% protein, 28.85% fat, 26.71% dietary 
fiber, and 4.22% Ash (Salama et al., 2018). The chemical compositions of 
seeds are good source of essential nutritional compounds associated with 
human's health promotion and disease prevention (Senila et al., 2021). 

Table (1): Chemical composition (%) of raw moringa seeds: 

Values Component 

6.77 ± 0.08 % Moisture 

29.23 ± 0.06 % Fat 

31.17 ± 0.07 % Protein 

4.31 ± 0.04 % Ash 

28.51 ± 0.24% T. Carb 

5.13 ± 0.05 % Fibers 

23.39 ± 0.29 % NFE 

501.83 ± 0.20 Energy (kcal.100g) 

Each value is average repetition three times, whereas illustrating mean ± SD 

Nutritional indicators of neurotoxicity rats treated by calcium disodium 
edetate with alpha-lipoic acid and moringa seeds powder at the end of 
study: 

The arithmetical data in table 2 showed: the untreated neurotoxicity 
rats group (+ve) had a significant decrease in body weight gain, body weight 
gain %, food intake, feed efficiency ratio (FER), protein intake, and protein 
efficiency ratio (PER), when compared with control group (-ve). While, the 
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neurotoxicity rat groups treated with the combination of CaNa2EDTA & 
ALA and moringa seeds powder showed significant decrease in body 
weight gain, body weight gain %, food intake, FER, protein intake, and PER 
when compared with the control group (-ve). While, nutritional indicators at 
CaNa2EDTA & ALA and moringa seeds powder treated groups marked a 
significant increase when compared with the untreated neurotoxicity group 
(+ve).  

Chronic administration of Cd and Pb is related to lessening body 
weight, anorexia, vomiting, nausea, muscle wasting and oxidative stress 
(Fiati Kenston et al., 2018 and Lopotych et al., 2020). Treated with 
moringa seeds achieved significant improvement in the weight gained and 
different nourishment effects (Al-Malki & El Rabey 2015 and Sardabi et 
al., 2022). Seeds are usually rich sources of fatty acids, sterols, dietary fiber 
and phenolic which have shown ability to enhances metabolism, anti-
obesity promotion, increase satiety and used as nutritional medicine for 
some chronic degenerative diseases (Roy et al., 2022). 

Table (2): Nutritional indicators of neurotoxicity rats treated by calcium 

disodium edetate with alpha-lipoic acid and moringa seeds powder:  

Protein  
efficiency 
ratio 
(PER) 

Protein 
Intake (g) 

feed 
efficiency 
ratio 
(FER) 

Food 
 Intake (g) 

Weight 
 Gain % 

Weight  
Gain (g) 

   Parameters  
                                 
groups 

0.37 
±0.02a 

3.62 
±0.07a 

0.073 
±0.003a 

18.08 
±0.34a 

50.43 
±1.82a 

79.83 
±2.32a 

 Control 
(-ve) 

0.24 
±0.02c 

2.40 
±0.07c 

0.047 
±0.004c 

11.99 
±0.34c 

21.61 
±1.83d 

34.17 
±2.86d 

Control  
(+ve) un

tr
ea

te
d 

0.30 
±0.01b 

3.07 
±0.07b 

0.060 
±0.002b 

15.33 
±0.34b 

35.06 
±0.52b 

55.33 
±1.21b 

+CaNa2EDTA  
& ALA 

0.29 
±0.01b 

2.93 
±0.07b 

0.057 
±0.002b 

14.63 
±0.34b 

31.69 
±0.64c 

50.17 
±1.17c 

+MOS.P 

tr
ea

te
d 

 The results were illustrating as mean ± SD values in each column having 

different combinations of superscript letters (a, b, c, d...). 
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Biological analyzes:  

1- Serum Cyclooxygenase-2 (COX-2), C- reactive protein (CRP), and 
Lactic Dehydrogenase (LDH) levels of neurotoxicity rats treated by 
CaNa2EDTA with ALA and moringa seeds powder: 

The arithmetical data in table 3 showed a significant increase in 
COX-2, CRP, and LDH levels in the untreated neurotoxicity rats group 
(+ve) when compared with the control group (-ve). While the neurotoxicity 
group treated with the combination of CaNa2EDTA & ALA showed a 
significant increase in COX-2, and LDH levels, while CRP showed non-
significant differences when compared with the control group (-ve). Also, 
the neurotoxicity group treated with moringa seeds powder (+MOS.P) 
showed a significant increase in COX-2, CRP, and LDH levels when 
compared with the control group (-ve). Moreover, treated groups with 
combination of CaNa2EDTA & ALA and MOS.P marked a significant 
decrease in the levels of COX-2, CRP, and LDH, when compared with the 
untreated neurotoxicity group (+ve). 

Moringa seed contain different concentrations of essential 
unsaturated fatty acids, which help to reduced inflammation by restoring the 
antioxidant system, increased fatty acid oxidation, and reduced metabolic 
disorders (Hamdy et al., 2019 and Chen et al., 2022). The anti-
inflammatory effect of Moringa seeds treatment was confirmed by the low 
circulating levels of CRP due to its photochemical compounds 
(Randriamboavonjy et al., 2017). Also, the phenolic glycosides that exist 
in Moringa oleifera seeds suppress inducible production of COX-2 proteins 
and significantly inhibited LDH leakage in treated rat cells (Sun et al., 2019 
and Akter et al., 2021).  
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Table (3): Serum Lactic Dehydrogenase (LDH), C- reactive protein (CRP), 

and Cyclooxygenase-2 (COX-2) levels of neurotoxicity rats treated by 

CaNa2EDTA with ALA and moringa seeds powder: 

LDH 
(U/L) 

CRP 
(mg/mL) 

COX-2 
(pg/mL) 

   Parameters  
groups 

1377.83 
±12.95d 

2.14 
±0.17d 

33.85 
±4.15cd 

Control 
(-ve) 

4195.67 
±12.83a 

5.55 
±0.62a 

79.90 
±2.07a 

Control 
(+ve) un

tr
ea

te
d 

1551.67 
±12.55c 

2.29 
±0.25c 

43.95 
±7.14c 

+CaNa2EDTA 
& ALA 

2290.17 
± 9.66b 

2.73 
± 0.20b 

53.93 
± 3.68b 

+MOS.P tr
ea

te
d 

The results were illustrating as mean ± SD values in each column 
having different combinations of superscript letters (a, b, c, d...). 

2- Serum Acetylcholinesterase (AChE), Serotonin (ST), and Dopamine 
(DA) levels of neurotoxicity rats treated by CaNa2EDTA with ALA and 
moringa seeds powder: 

The data in table 4 showed a significant increase in of AChE and DA 
levels, and a significant decrease in ST level in the untreated neurotoxicity 
rats group (+ve) when compared with the control group (-ve). While, the 
neurotoxicity groups treated with CaNa2EDTA & ALA and moringa seeds 
powder (+MOS.P) showed a significant increase in AChE and DA levels, 
While, ST level showed a significant decrease when compared with the 
control group (-ve). Moreover, neurotoxicity groups treated with 
CaNa2EDTA & ALA and MOS.P marked a significant decrease in the 
levels of AChE and DA While, ST level showed a significant increase when 
compared with the untreated neurotoxicity group (+ve). Inhibition of AchE 
is a therapeutic target using the inhibitory natural products. Therefore, using 
moringa seeds fats could modulate AchE activity in the cerebrum and 
reduces the neurotoxicity effects (Famurewa et al., 2018). Also, Moringa 
seeds act as a neuroprotective agent, had the ability to activate serotonin 
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receptors on gastric tissues, and are potentially used as an alternative 
therapy for neurodegenerative disorders (Liaqat et al., 2022). 

Table (4): Serum Dopamine (DA), Serotonin (ST), and Acetylcholinesterase 

(AChE) levels of neurotoxicity rats treated by CaNa2EDTA with ALA and 

moringa seeds powder: 

DA 
(ng/ml) 

ST 
(ng/ml) 

AChE 
(pg/ml) 

Parameters 
groups 

11.55 
±0.51d 

184.72 
±4.81a 

25.98 
±2.80d 

Control 
(-ve) 

23.22 
±0.41a 

136.50 
±7.05c 

127.43 
±11.10a 

Control 
(+ve) un

tr
ea

te
d 

13.88 
±0.60c 

170.17 
±6.45b 

39.67 
±7.68c 

+CaNa2EDTA 
& ALA 

16.12 
±0.79b 

156.18 
±9.72bc 

70.22 
±3.37b 

+MOS.P tr
ea

te
d 

The results were illustrating as mean ± SD values in each column 
having different combinations of superscript letters (a, b, c, d...). 

3- Serum free radical (Malondialdhyde "MDA") concentration levels and 
antioxidant enzymes Catalase (CAT), superoxide dismutase (SOD), 
Reduced Glutathione (GSH) and Glutathione Peroxidase (GPX) levels 
of the experimental rat groups: 

The data in table 5 showed a significant increase in MDA levels, and 
showed a significant decrease in CAT, SOD, GSH and GPX levels in the 
untreated neurotoxicity rats group (+ve) when compared with the control 
group (-ve). While, the neurotoxicity groups treated with a combined of 
CaNa2EDTA & ALA and moringa seeds powder (+MOS.P) showed a 
significant increase in MDA levels, and showed a significant decrease in the 
levels of CAT, SOD, GSH and GPX when compared with the control group 
(-ve). Also, the CaNa2EDTA & ALA and MOS.P treated groups marked a 
significant increase in CAT, SOD, GSH and GPX levels, and showed a 
significant decrease in MDA levels when compared with the untreated 
neurotoxicity group (+ve). 
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Neurotoxicity related to Pb and Cd exposure causes an increase in 
MDA levels could be the result of a series of perturbations in brain 
metabolism and the production of free radicals which lead to impair the 
functions and ultrastructure of the central nervous system (Antonio et al., 
2003 and Zhang et al., 2009). The free radicals will attack proteins, DNA, 
polysaccharides, and cell membranes that consist of polyunsaturated fatty 
acids, leading to an increase in MDA levels and a decrease in antioxidant 
enzymes activity, which causes progressive damage of cellular structures. 
(Halliwell, 2011 and Poljsak et al., 2013). 

 Alpha-lipoic acid has a promising natural and soft chelating agent, 
due to an amphiphilic property which allows it to easily cross the blood-
brain barrier and cell membranes and also helps to activate other 
antioxidants such as vitamin E, vitamin C and coenzyme Q10 (AlMomen & 
Blaurock-Busch, 2022). Furthermore, rats fed on moringa seed showed a 
significant decrease in MDA and a significant increase in the antioxidant 
enzymes activities including CAT, SOD, GSH and GPX. Seed powder 
antioxidant activity are due to its contents of bioactive components such as 
phenolics and flavonoids, because it's scavenging effect on the free radicals 
(Al-Malki & El Rabey 2015 and Mahmoud, 2021). 

Table (5): Serum Malondialdhyde (MDA) and antioxidant enzymes Catalase 

(CAT), superoxide dismutase (SOD), Reduced Glutathione (GSH), and 

Glutathione Peroxidase (GPX) levels of the experimental rat groups: 

GPX 
(mU/ml) 

GSH 
(μmol/L) 

SOD 
(U/L) 

CAT 
(U/L) 

MDA 
nmol/ml 

Parameters 
groups 

96.12 
±2.92a 

2.06 
±0.08a 

42.49 
±0.90a 

0.95 
±0.01a 

6.07 
±0.20d 

Control 
(-ve) 

25.57 
±8.46d 

0.69 
±0.03d 

8.11 
±4.19d 

0.23 
±0.02d 

21.18 
±3.23a 

Control 
(+ve) un

tr
ea

te
d 

72.36 
±5.78b 

1.57 
±0.12b 

38.35 
±0.93b 

0.79 
±0.01b 

9.93 
±0.72c 

+CaNa2EDTA 
& ALA 

63.17 
±1.83c 

1.29 
±0.16c 

27.21 
±2.95c 

0.69 
±0.03c 

13.23 
± 0.85b 

+MOS.P 

tr
ea

te
d 
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The results were illustrating as mean ± SD values in each column 
having different combinations of superscript letters (a, b, c, d...). 

4- Some serum Kidney and Liver function: Urea, Creatinine, Total 
Bilirubin (T.BiL), Alanine aminotransferase (ALT), Aspartate 
aminotransferase (AST), Alkaline phosphatase (ALP) and Gamma-
glutamyl Transferase (GGT) levels of the experimental rat groups: 

The data in table (6) showed significant increase in Urea, Creatinine, 
T.BiL ALT, AST, ALP and GGT levels in the untreated neurotoxicity group 
(+ve) when compared with the control group (-ve). While the neurotoxicity 
group treated with the combined of CaNa2EDTA & ALA showed a 
significant increase in Urea, ALT and AST Levels when compared with the 
control group (-ve). While, the neurotoxicity rats group treated with 
moringa seeds powder (+MOS.P) showed significant increase in Urea, 
Creatinine, T.BiL ALT, AST, ALP and GGT levels when compared with 
the control group (-ve). Moreover, neurotoxicity treated groups with the 
combined of CaNa2EDTA & ALA and MOS.P marked a significant 
decrease in Urea, Creatinine, T.BiL ALT, AST, ALP and GGT levels when 
compared with the untreated neurotoxicity group (+ve). 

Pb and Cd cause the increase in liver enzymatic activities 
specifically AST and ALT (Zou et al., 2020 and Hassan et al., 2022). 
CaNa2EDTA effectively slowness the progression of chronic kidney disease 
in patients with body Pb burden by increased levels of creatinine clearance 
and glomerular filtration. While, ALA has a protective effect on Cd-induced 
oxidative stress, due to its potent antioxidant and metal chelator activity that 
can repair oxidative damaged and exert antioxidant cellular activities, also, 
significantly decreased the activity of serum AST, ALT, LDH, and GGTP, 
which counteracts organ damage caused by cadmium (Luo et al., 2016 and 
Markiewicz-Górka et al., 2019). Simultaneous treatment of moringa seeds 
reduced Cd-induced hepatotoxicity by improving liver function as indicated 
by reducing ALT, AST, and ALP activities and raising albumin levels, also, 
had shown significant improvement in Urea and Creatinine levels. The 
hepatoprotective property of Moringa is attributed to its high antioxidant 
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activity and free radical scavenging activity which caused stabilization of 
cell membrane activity preventing enzymes (Saleh et al., 2019; Alshubaily 
& Almotairi, 2020 and Mahmoud, 2021).  

Table (6): Some serum Kidney and Liver function: Creatinine, Urea, Alanine 

aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline 

phosphatase (ALP), Gamma-glutamyl Transferase (GGT) and Total Bilirubin 

(T.BiL) levels of the experimental rat groups: 

GGT 
(U/L) 

ALP 
(U/L) 

AST 
(U/L) 

ALT 
(U/L) 

T.BiL 
(mg/dl) 

Creatinine 
(mg/dl) 

Urea 
(mg/dl) 

Parameters 
groups 

3.29 
± 0.46d 

86.00 
±10.99c 

140.50 
± 9.20d 

34.67 
±5.20bc 

0.31 
±0.09bc 

0.53 
±0.02d 

25.65 
±4.62d 

Control 
(-ve) 

19.28 
±3.28a 

344.00 
±11.20a 

419.33 
±8.82a 

83.33 
±3.56a 

1.56 
±0.20a 

1.57 
±0.12a 

101.17 
±9.56a 

Control 
(+ve) un

tr
ea

te
d 

4.30 
±0.54c 

95.33 
±8.29c 

170.17 
±7.28c 

44.17 
±6.27c 

0.41 
±0.14b 

0.59 
±0.02c 

37.33 
±3.51c 

+CaNa2EDTA 
& ALA 

7.55 
±0.70b 

153.00 
±7.97b 

232.67 
±6.98b 

57.33 
±4.55b 

0.49 
±0.19b 

0.67 
±0.05b 

51.50 
±7.35b 

+MOS.P tr
ea

te
d 

The results were illustrating as mean ± SD values in each column 
having different combinations of superscript letters (a, b, c, d...). 

Histopathological analysis of Brain specimens: 

The microscopic pictures from the Brain cortical sections appear as 
the following: the control group (-ve) and CaNa2EDTA & ALA treated 
group showing normal neurons and neuropil in pictures 1&3 respectively. 
While, the untreated neurotoxicity rats group (+ve) showing leukocytic cell 
infiltration, congestion and hemorrhage in meninges, congested blood 
vessels, focal area of necrosis infiltrated by leukocytic cells, and vacuolation 
in the neuropil in picture 2. The neurotoxicity rat groups treated with 
moringa seeds powder (+MOS.P) showing mildly congested blood vessels 
in pictures 4. 
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Pic (1): Brain cortical sections for negative control group (-ve) showing normal 
neurons and neuropil (H&E-stained, X: 400 bar 50). 

 
Pic (2): Brain cortical sections for untreated neurotoxicity group (+ve) showing 
leukocytic cells infiltration (dashed black arrows), congestion (red arrow) and 
hemorrhage (red arrowhead) in meninges, congested blood vessels (red arrows), 
focal area of necrosis (black arrows) infiltrated by leukocytic cells (blue arrows), 
and vacuolation (arrowheads) in the neuropil (H&E-stained, X: 400 bar 50). 

The ability of Pb to replace calcium ions accumulation in the brain 
using calcium-ATPase pumps, which might play a significant role in the 
development of neurodegenerative diseases. Also, heavy metals-induced 
neuronal injury interferes with oxidative balance, neuroinflammation, and 
programmed cell death. (Shaban et al., 2021 and Enogieru & Egbon, 
2022). The use of different nutrients from medicinal plants may reduce the 
toxic effect of heavy metals mediated oxidative damage in different organs 
of the body, especially the brain (Abd El-Ghany et al., 2019 and 
Abdulidha et al., 2020). Furthermore, the harmful effect of the drugs and 
chemicals on the histological state and functions of the brain can be 
prevented and treated through the administration of healthy medicinal plants 
such as nuts, chia seeds and moringa seeds (Henrich, 2020 and Usman et 
al., 2022). 
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Pic (3): Brain cortical sections for treated group by CaNa2EDTA &ALA showing 
normal neurons and neuropil (H&E-stained, X: 400 bar 50). 

 
Pic (4):  Brain cortical sections showing mildly congested blood vessels (red arrows) 
(H&E-stained, X: 400 bar 50). 

CONCLUSION: 

In conclusion, we advocate for the incorporation of Alpha-lipoic acid 
and moringa seeds into diets for individuals exposed to lead and cadmium 
toxicity, as they exhibit potential in mitigating the adverse effects of these 
metals on the nervous system.  

REFERENCES: 

• Abd El-Ghany M. A.; Ghozy S. F. and Sultan Y. M. (2019): Efficacy of 

curcuma extract compared with glucosamine sulfate for treatment of 

osteoarthritis in rats World journal of pharmacy and pharmaceutical sciences 

8(11), 61-76.  

• Abd El-Ghany, M. A.; El-Mehiry, H.; Nagib, R. and El-Sayed, H. M. (2017): 

Effect of orexin drug and some minerals on rats exposed to obesity and alzheimer 

disease. World journal of pharmacy and pharmaceutical sciences 6 (1), 21-37.  

• Abdulidha, N. A.; Jaccob, A. A. and AL-Moziel, M. S. G. (2020): Protective 

effects of Co-Q10, Ginkgo biloba, and l-carnitine on brain, kidney, liver, and 

endocrine system against sub-acute heavy metals toxicity in male rats. Toxicol. 

Environ. Health Sci. 12(4), 331–341.  

• Abu-Bader, S. H. (2011): Using Statistical Methods in Social Science Research: 

With a Complete SPSS Guide (2nd Ed.). Oxford University Press, Oxford, 



 

� �

397 

Research Journal Specific Education - Issue No. 83 - may 2024 

England. 

• Akter, T.; Rahman, M. A.; Moni, A.; Apu, M. A. I.; Fariha, A.; Hannan, M. 

A. and Uddin, M. J. (2021): Prospects for Protective Potential of Moringa 

oleifera against Kidney Diseases. Plants, 10(12), 2818-2833.  

• Al-Malki, A. L. and El Rabey, H. A. (2015): The Antidiabetic Effect of Low 

Doses of Moringa oleifera Lam. Seeds on Streptozotocin Induced Diabetes and 

Diabetic Nephropathy in Male Rats. BioMed Research International, 2015(ID 

381040), 1-13.  

• AlMomen, A., and Blaurock-Busch, E. (2022): Alpha-Lipoic Acid (ALA), 

fatty acid and promising chelating agent for neurological ailments. World, 3(01), 

009-014.   

• Alshubaily, F.A. and Almotairi, E.S. (2020): The Hepatoprotective Effect of 

Moringa Oleifera Leaf aqueous extract against Cadmium-Induced Toxicity on 

Male Rats. Journal of Biochemical Technology, 11(1), 101-107. 

• Antonio, M. T.; Corredor, L. and Leret, M. L. (2003): Study of the activity of 

several brain enzymes like markers of the neurotoxicity induced by perinatal 

exposure to lead and/or cadmium. Toxicology letters, 143(3), 331–340.  

• AOAC (2005): Official method of Analysis of Association of Officiating 

Analytical Chemists. 18th Edition. Washington, D.C.  

• Bancroft, J. D.; Suvarna, K. S. and Layton, C. (2018): Bancroft’s Theory and 

Practice of Histological Techniques E-Book. (8th Ed.). Pp. 126-139. Elsevier 

health sciences.  

• Barton, C. (2014): EDTA (Ethylenediaminetetraacetic Acid). In: P. Wexler, 

(Ed.), Encyclopedia of Toxicology (3rd ed.), Pp. 310-311. Elsevier Inc.  

• Belfield, A. and Goldberg, D. M. (1971): Revised assay for serum phenyl 

phosphatase activity using 4-amino-antipyrine. Enzyme, 12(5), 561–573.  

• Bilska-Wilkosz, A.; Górny, M. and Iciek, M. (2019): Inactivation of Aldehyde 

Dehydrogenase by Disulfiram in the Presence and Absence of Lipoic Acid or 

Dihydrolipoic Acid: An in Vitro Study. Biomolecules, 9(8), 375-389.  

• Chapman, D. G.; Castillo, R. and Campbell, J. A. (1959): Evaluation of 

protein in foods: 1. a method for the determination of protein efficiency ratios. 

Canadian Journal of Biochemistry and Physiology, 37(5), 679–686.  

• Chen, X.; Li, Z.; Smith, S. A.; Chen, M.; Liu, H.; Zhang, J.; Tang, L.; Li, J.; 



 

 

398 

Therapeutic effects of calcium disodium edetate and alpha-lipoic acid combined and moringa seeds 

Liu, Q. and Wu, X. (2022): Optimization of Supercritical CO2 Extraction of 

Moringa oleifera Seed Oil Using Response Surface Methodological Approach 

and Its Antioxidant Activity. Frontiers in nutrition, 8(2021), 829146-829156. 

• Dhakad, A. K.; Ikram, M.; Sharma, S.; Khan, S.; Pandey, V. V. and Singh, 

A. (2019): Biological, nutritional, and therapeutic significance of Moringa 

oleifera Lam. Phytotherapy research: PTR, 33(11), 2870–2903.  

• Diaconu, M.; Pavel, L.V.; Hlihor, R.M.; Rosca, M.; Fertu, D.I.; Lenz, M.; 

Corvini, P.X. and Gavrilescu, M. (2020): Characterization of heavy metal 

toxicity in some plants and microorganisms-A preliminary approach for 

environmental bioremediation. New biotechnology, 56(May 2020), 130–139.  

• El-Sayed, G. R.; Hasanee, J. A. and Ahmed, M. I. (2016): Determination of 

cadmium and lead residues in tissues and administration protective treatment. 

Bulletin of Faculty of Science, Zagazig University, 2016(1), 91–101.  

• Enogieru, A. and Egbon, F. (2022): Neurobehavioural and Histological 

Alterations in Lead Acetate-Exposed Rats Pretreated with Aqueous Leaf Extract 

of Vernonia amygdalina. African Journal of Biomedical Research, 25(2), 205–

213.  

• Eze, J. I.; Anene, B. M. and Chukwu, C. C. (2008): Determination of serum 

and organ malondialdehyde (MDA) concentration, a lipid peroxidation index, in 

Trypanosoma brucei-infected rats. Comparative Clinical Pathology, 17(2), 67–

72.  

• Fahey, J. W. (2005): Moringa oleifera: a review of the medical evidence for its 

nutritional, therapeutic, and prophylactic properties. Part 1. Trees for life Journal, 

1(5), 1-15.   

• Famurewa, A. C.; Aja, P. M.; Nwankwo, O. E.; Awoke, J. N.; Maduagwuna, 

E. K. and Aloke, C. (2018): Moringa oleiferaseed oil or virgin coconut oil 

supplementation abrogates cerebral neurotoxicity induced by antineoplastic agent 

methotrexate by suppression of oxidative stress and neuro‐inflammation in rats. 

Journal of Food Biochemistry, 43(3), 12748-12758.  

• Fiati Kenston, S.; Su, H.; Li, Z.; Kong, L.; Wang, Y.; Song, X.; Gu, Y.; 

Barber, T.; Aldinger, J.; Hua, Q.; Li, Z.; Ding, M. ; Zhao, j. and Lin, X. 

(2018): The systemic toxicity of heavy metal mixtures in rats. Toxicology 

Research, 7(3), 396-407.   



 

� �

399 

Research Journal Specific Education - Issue No. 83 - may 2024 

• Halliwell, B. (2011): Free radicals and antioxidants–quo vadis?. Trends in 

pharmacological sciences, 32(3), 125-130.   

• Hamdy, S. M.; Shaaban, A. M.; El-khayaht, Z. A.; Farrag, A. R. and El-

Sayed, M. (2019): Therapeutic effect of Moringa oleifera pods extract and 

Raspberry ketone against Thioacetamide toxicity in male rats. Biochemistry 

Letters, 14(1), 49–63.  

• Hassan, M. A.; Mahmoud, Y. K.; Elnabtiti, A.; El-Hawy, A. S.; El-Bassiony, 

M. F. and Abdelrazek, H. (2022): Evaluation of Cadmium or Lead Exposure 

with Nannochloropsis oculata Mitigation on Productive Performance, 

Biochemical, and Oxidative Stress Biomarkers in Barki Rams. Biological trace 

element research, 1(2022), 1-14.  

• Henrich, C. (2020): The Role of Nutrition in Integrative Oncology. In: Noland, 

D., Drisko, J., Wagner, L. (eds) Integrative and Functional Medical Nutrition 

Therapy. Pp. 407-436. Humana, Cham.  

• Henry, R. J.; Cannon, D. C. and Winkelman, W. (1974): Clinical Chemistry 

Principles and Techniques, 11th ed. Pp. 1629. Happer and Row Publishers. 

• Kelishadi, R.; Pourmirzaiee, M.; Chehrazi, S. and Heidari-Beni, M. (2018): 

Serum Zinc Level and Eating Behaviors in Children Receiving Zinc Supplements 

without Physician Prescription. Advanced Biomedical Research, 7(120), 1-5.  

• Kumar, B.; Kumar, S. and Kumar-Singh, A. (2015): Ayurvedic Medicine: A 

review on medicinal importance of shigru (Moringa oleifera Lam.) in Samhitas. 

Indian Journal of Agriculture and allied Science, 1(3), 127-137.  

• Leone, A.; Spada, A.; Battezzati, A.; Schiraldi, A.; Aristil, J. and Bertoli, S. 

(2016): Moringa oleifera Seeds and Oil: Characteristics and Uses for Human 

Health. International journal of molecular sciences, 17(12), 2141-2155. 

• Li, B.; Xia, M.; Zorec, R.; Parpura, V. and Verkhratsky, A. (2021): 

Astrocytes in heavy metal neurotoxicity and neurodegeneration. Brain Research, 

1752(2), e147234. 

• Liaqat, H.; Parveen, A. and Kim, S. Y. (2022): Neuroprotective Natural 

Products’ Regulatory Effects on Depression via Gut–Brain Axis Targeting 

Tryptophan. Nutrients, 14(16), 3270-3310.  

• Liu, Q.; Li, W.; Huang, S.; Zhao, L.; Zhang, J.; Ji, C. and Ma, Q. (2022): R-

Is Superior to S-Form of α-Lipoic Acid in Anti-Inflammatory and Antioxidant 



 

 

400 

Therapeutic effects of calcium disodium edetate and alpha-lipoic acid combined and moringa seeds 

Effects in Laying Hens. Antioxidants, 11(8), 1530-1542.  

• Lopotych, N.; Panas, N.; Datsko, T. and Slobodian, S. (2020): Influence of 

heavy metals on hematologic parameters, body weight gain and organ weight in 

rats. Ukrainian Journal of Ecology, 10(1), 175-179.  

• Luo, T.; Liu, G.; Long, M.; Yang, J.; Song, R.; Wang, Y.; Yuan, Y.; Bian, 

J.; Liu, X., Gu, J.; Zou, H. and Liu, Z. (2016): Treatment of cadmium-induced 

renal oxidative damage in rats by administration of alpha-lipoic acid. 

Environmental Science and Pollution Research, 24(2), 1832–1844.  

• Mahmoud, K. (2021): Appraisal Role of Watery and Acetonic Leaves Extract of 

Moringa oleifera growing in Egypt against Cd-induced Toxicity in Male Albino 

Rats. Egyptian Academic Journal of Biological Sciences, F. Toxicology &Amp; 

Pest Control, 13(2), 269–279.  

• Markiewicz-Górka, I.; Pawlas, K.; Jaremków, A.; Januszewska, L.; 

Pawłowski, P. and Pawlas, N. (2019): Alleviating Effect of α-Lipoic Acid and 

Magnesium on Cadmium-Induced Inflammatory Processes, Oxidative Stress and 

Bone Metabolism Disorders in Wistar Rats. International journal of 

environmental research and public health, 16(22), 4483-4507.  

• Mohammed, E.; Hashem, K. and Rheim, M. (2014): Biochemical study on the 

impact of Nigella sativa and virgin olive oils on cadmium-induced nephrotoxicity 

and neurotoxicity in rats. Journal of Investigational Biochemistry, 3(2), 71-78.  

• Mostafalou, S.; Baeeri, M.; Bahadar, H.; Soltany-Rezaee-Rad, M.; Gholami, 

M. and Abdollahi, M. (2015): Molecular mechanisms involved in lead induced 

disruption of hepatic and pancreatic glucose metabolism. Environmental 

Toxicology and Pharmacology, 39(1), 16–26.  

• NRC, (1995): National Research Conical, Nutrition Requirements of Laboratory 

Animals. Forth Revised Edition, Institute for Laboratory Animal Research. 

National Institute of Health. Academic Press. Washington DC, USA. 

• Orlowski, M. and Meister, A. (1963): Gamma-glutamyl-p-nitroanilide: a new 

convenient substrate for determination and study of l- and d-gamma-

glutamyltranspeptidase activities. Biochimica et biophysica acta, 73, 679–681.  

• Paglia, D. E. and Valentine, W. N. (1967): Studies on the quantitative and 

qualitative characterization of erythrocyte glutathione peroxidase. The Journal of 

laboratory and clinical medicine, 70(1), 158–169. 



 

� �

401 

Research Journal Specific Education - Issue No. 83 - may 2024 

• Paoletti, F. and Mocali, A. (1990): Determination of superoxide dismutase 

activity by purely chemical system based on NAD(P)H oxidation. Methods in 

enzymology, 186(90), 209–220.  

• Poljsak, B.; Šuput, D. and Milisav, I. (2013): Achieving the balance between 

ROS and antioxidants: when to use the synthetic antioxidants. Oxidative 

medicine and cellular longevity 2013(ID 956792), 1-12.  

• Randriamboavonjy, J. I.; Rio, M.; Pacaud, P.; Loirand, G. and Tesse, A. 

(2017): Moringa oleifera Seeds Attenuate Vascular Oxidative and Nitrosative 

Stresses in Spontaneously Hypertensive Rats. Oxidative Medicine and Cellular 

Longevity, 2017(ID 4129459), 1–10.  

• Rice-Evans, C. and Miller, N. J. (1994): Total antioxidant status in plasma and 

body fluids. Methods in enzymology, 234(94), 279–293.  

• Rock, R. C.; Walker, W. G. and Jennings, C. D. (1987): Nitrogen metabolites 

and renal function. In: Tietz NW. Fundementals of clinical chemistry, 3 rd Ed: 

669-704. Philadelphia: WB Saunders. 

• Roy, S.; Sarkar, T. and Chakraborty, R. (2022): Vegetable seeds: A new 

perspective in future food development. Journal of Food Processing and 

Preservation, 46(11), e17118, 1-51.  

• Sainio, M.A. (2015): Neurotoxicity of solvents. Handbook of Clinical 

Neurology. 131(2015), 93–110.  

• Salama, M. A.; Owon, M. A.; Osman, M. F.; Esmail, A. I. and Matthäus, B. 

(2018): Characterization of Egyptian Moringa oleifera Lipids (Whole Seeds and 

Kernels). Journal of Food and Dairy Sciences. 9(12): 379-384.  

• Saleh, A. S. (2019): Evaluation of hepatorenal protective activity of Moringa 

oleifera on histological and biochemical parameters in cadmium intoxicated rats. 

Toxin Reviews, 38(4), 338-345. 

• Saleh, S. and Meligy, F. (2018): Study on Toxic Effects of Lead Acetate on 

Cerebellar Cortical Tissue of Adult Albino Rats and the Role of Vitamin E as a 

Protective Agent. Ain Shams Journal of Forensic Medicine and Clinical 

Toxicology, 31(2), 110–118.  

• Sánchez-Fructuoso, A. I.; Blanco, J.; Cano, M.; Ortega, L.; Arroyo, M.; 

Fernández, C.; Prats, D. and Barrientos, A. (2002): Experimental lead 

nephropathy: treatment with calcium disodium ethylenediaminetetraacetate. 



 

 

402 

Therapeutic effects of calcium disodium edetate and alpha-lipoic acid combined and moringa seeds 

American journal of kidney diseases: the official journal of the National Kidney 

Foundation, 40(1), 59–67.  

• Sardabi, F.; Azizi, M. H.; Gavlighi, H. A. and Rashidinejad, A. (2022): 

Potential benefits of Moringa peregrina defatted seed: Effect of processing on 

nutritional and anti-nutritional properties, antioxidant capacity, in vitro 

digestibility of protein and starch, and inhibition of α-glucosidase and α-amylase 

enzymes. Food Chemistry Advances, 1(2022), 100034, 1-9.  

• Senila, L.; Neag, E.; Cadar, O.; Kovacs, M. H.; Becze, A. and Senila, M. 

(2021): Chemical, Nutritional and Antioxidant Characteristics of Different Food 

Seeds. Appl. Sci. 10(5), 1589-1604.  

• Shaban, N. Z.; El-Kader, A.; Sara, E.; Mogahed, F. A.; El-Kersh, M. A. and 

Habashy, N. H. (2021): Synergistic protective effect of Beta vulgaris with meso-

2, 3-dimercaptosuccinic acid against lead-induced neurotoxicity in male rats. 

Scientific Reports, 11(1), 1-18.   

• Sinha, A. K. (1972): Colorimetric assay of catalase. Analytical biochemistry, 

47(2), 389–394.  

• Sun, C.; Li, W.; Liu, Y.; Deng, W.; Adu-Frimpong, M .; Zhang, H.; Wang, 

Q.; Yu, J. and Xu, X. (2019): In vitro/in vivo hepatoprotective properties of 1-

O-(4-hydroxymethylphenyl)-α-L-rhamnopyranoside from Moringa oleifera seeds 

against carbon tetrachloride-induced hepatic injury. Food and chemical 

toxicology: an international journal published for the British Industrial Biological 

Research Association, 131(2019), 110531-110547.  

• Usman, A.; Kawu, M. U.; Shittu, M.; Saleh, A.; Jolayemi, K. O.; Ibrahim, N. 

B.; Oyetunde, J. S. and Okoronkwo, M. O. (2022): Comparative effects of 

methanol leaf extract of Moringa oleifera and ascorbic acid on haematological 

and histopathological changes induced by subchronic lead toxicity in male wistar 

rats. Pharmacological Research - Modern Chinese Medicine, 2(2022), 100031-

100038.  

• Vaishnavi, C. (1996): C-reactive protein in bacterial infections. In: Immunology 

and Infectious Diseases. 3(6): 139-144. 

• Van Weemen, B. K. and Schuurs, A. H. (1971): Immunoassay using antigen-

enzyme conjugates. FEBS Lett 15: 232-236. 

• Vassault, A. (1983): Lactate dehydrogenase: UV-method with pyruvate 



 

� �

403 

Research Journal Specific Education - Issue No. 83 - may 2024 

and NADH. In: Methods of enzymatic analysis, 3rd edition, Pp. 118–25. 

Elsevier, New York, NY. 

• Velázquez-Zavala, M.; Peón-Escalante, I. E.; Zepeda-Bautista, R. and 

Jiménez-Arellanes, M. A. (2016): Moringa (Moringa oleifera Lam.): Usos 

potenciales en la agricultura, industria y medicina. Revista Chapingo, Serie 

Horticultura, 22(2), 95-116.  

• Watt, B. and Merrill, A. L. (1963): Composition of foods: raw, processed, 

prepared. Washington, DC: Consumer and Food Economics Research Division/ 

Agricultural Research Service, 198 (Agriculture Handbook, 8).  

• Young, D. S.; Pestaner L. C. and Gibberman V. (1975): Effects of drugs on 

clinical laboratory tests. Clinical chemistry, 21(5): 1D-432D. 

• Yuan, Y.; Yang, J.; Chen, J.; Zhao, S.; Wang, T.; Zou, H.; Wang, Y.; Gu, J.; 

Liu, X.; Bian, J. and Liu, Z. (2019): Alpha-lipoic acid protects against 

cadmium-induced neuronal injury by inhibiting the endoplasmic reticulum stress 

eIF2α-ATF4 pathway in rat cortical neurons in vitro and in vivo. Toxicology, 

414(2019), 1–13.  

• Zhang, Y. M.; Liu, X. Z.; Lu, H.; Mei, L. and Liu, Z. P. (2009): Lipid 

Peroxidation and Ultrastructural Modifications in Brain after Perinatal Exposure 

to Lead and/or Cadmium in Rat Pups. Biomedical and Environmental Sciences, 

22(5), 423–429.  

• Zou, H.; Sun, J.; Wu, B.; Yuan, Y.; Gu, J.; Bian, J.; Liu, X. and Liu, Z. 

(2020): Effects of Cadmium and/or Lead on Autophagy and Liver Injury in Rats. 

Biological Trace Element Research, 198(1), 206–215.  

 

 

 

 



 

 

404 

Therapeutic effects of calcium disodium edetate and alpha-lipoic acid combined and moringa seeds 

  التأثيرات العلاجية لإديتات الكالسيوم ثنائي الصوديوم مع حمض ألفا ليبويك 
   السمية العصبية في الفئرانورينجا علىوبذور الم
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