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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 theafhaartic effects of
calcium disodium edetate (CaNa2EDTA) and Alpha itipacid (ALA)
combined and moringa seeds powder (MOS.P) agaast &nd cadmium-
induced neurotoxicity in rats. Twenty-four Albincafe rats, weighing 158 +
3 g were randomly divided into four groups (6 eadte first group served
as a negative control group (-ve), second groupeseras untreated
neurotoxicity group (+ve) and two treated groupshwCaNa2EDTA and
ALA combined and MOS.P. The experiment lasted fbdéys. Food intake
and rat's weight were recorded to obtain nutriioparameters. Blood
samples were collected to assays the levels ofoByghenase-2 (COX-2),
C- reactive protein (CRP), Lactic Dehydrogenase H)D Acetyl
cholinesterase (AChE), Dopamine (DA), Serotonin)(3ipid peroxidation,
antioxidant enzymes activity, some kidney and lifemctions. Also, the
histopathological examination changes in brainugssThe study results
treated with CaNa2EDTA and ALA combined and MOShovweed a
significant improvement in serum levels of COX-RE, LDH, AChE, DA,
ST, Lipid peroxidation, Antioxidant enzymes actyiand some kidney and
liver functions, when compared to untreated newioity group (+ve).

We recommend consuming moringa seeds and Alph&:lipoid
with diets because they have anti-neurotoxicity antioxidant properties,
which play a significantly safer role than calciuhsodium edetate in the
treatment of lead-cadmium toxicity and inhibitétsmplications.

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

Neurotoxicity is a direct effect or indirect effectf chemical
materials that deactivate the nervous system ofamsnand animal&Sainio,
2015) Lead (Pb) and Cadmium (Cd) are ecologically pewtaneurotoxic
heavy metal¢Diaconu et al., 2020) They accumulate in the brain causing a
disturbance in the homeostatic equilibrium in tleatcal nervous system,
which accelerates the appearance of neurotoxicity reurodegeneration
diseaseqAbd ElI-Ghany et al., 2017 and Liet al., 2021)

Sodium calcium edetate or calcium disodium eddt@séNa2EDTA)
is an EDTA derivative salt with two sodium atomslame calcium atom
(Barton, 2014) CaNa2EDTA can be useful for chelating metal idos
prevent inflammatory changes from taking place,hsas short-term and
long-term poisoning of Pb, and @@lostafalou et al, 2015)

Alpha-lipoic acid (ALA) "also known as thioctic ati is an
antioxidant naturally occurring compound that'sduced in the body to
protect against body cell damage. ALA can form claxgompounds with
metal ions such as manganese, cadmium, lead, nodedlt, and iron to
prevent free radical-induced tissue damage orivettin of the antioxidant
enzymegqYuan et al., 2019 and Bilska-Wilkoszet al., 2019) ALA can be
obtained from natural sources, such as Animal ptsdiike red meat, liver,
heart and kidneys, but plant foods like beets,atgrrtomatoes, spinach,
broccoli, potatoes, and yedktu et al., 2022)

Moringa Moringa oleifera Lam.) is a perennial, fast-growing, and
drought-resistant tre@ahey, 2005) The moringa seeds (MOS) have
attracted scientific interest due to their contagnlipids of about 19-47%
including a high-quality fatty acid composition,etlkfor its considered
oilseed. The seeds are also rich in protein (31.4%bohydrate (18.4%),
fiber (7.3%), ash (6.2%), and Moisture (7%). MOSoalontains pro-
vitamin A, vitamin E, and vitamin B group, in padiar, Thiamin (B1). It
also good source of minerals, micronutrients, aiwdiive elements like
Phytates, Flavonoids, Saponins, Trypsin inhibitarg] Sterol§Velazquez-
Zavalaet al., 2016 and Leonet al., 2016) The Ayurvedic medicine books
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include records about the use of moringa for teatiment of pain in joints,
stomach, headache, ears, arthritis, as a carddhcisrulatory stimulant, to
treat physical weakness, kidney and liver probleoadds, fever, stomach
worms, epilepsy, ulcers, anemia, delirium, snakelabelating metal and as
a rubefacien(Kumar et al., 2015 and Dhakadkt al., 2019) Accordingly,
this study aimed to assess the potential impaet admbination of Alpha-
lipoic acid and CaNa2EDTA, as well as moringa se@dsvder, in
mitigating neurotoxicity induced by lead (Pb) ardimium (Cd) in rats.

MATERIALS AND METHODS
A-Materials:

Moringa (Moringa oleifera Lam.) seeds was purchased from the
products selling unit at the National Research €@enbDokki, Egypt.
Cadmium Chloride (CdCI2.H20) 98% pure and Lead aieet[Pb
(CH3CO00)2.3H20] 99% pure were obtained from El-Gooria Company
for trading Drugs and Chemicals, situated in Mangouity branch,
Dakahlia Governorate, Egypt. Thioctic acid drugsevpurchased from a
local pharmacy at Mansoura city. Ethylenediamimagetetic acid calcium
disodium salt (CaNa2EDTA) was purchased commeycifsbm Sigma-
Aldrich Corporation in St. Louis, Missouri, USA. &hbasal diet was
prepared according tNNRC (1995) Twenty-four healthy Albino male rats
of Sprague—Dawley strain weighing 158 + 3 g werecpased from the
laboratory animal farm of Veterinary Medicine atgaaig University in

Egypt.
B-Methods:

Moringa seeds powder:

Moringa seeds were thoroughly checked to removeipyrities
and then ground into a powder. Then, the wholesped/der was saved in
well-closed, opaque glass jars in the refriger&boprevent lipid oxidation
until used in diet preparation. The basic diet wapplemented with 5%
moringa seeds powder by substituting some of teeadimponents.
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I nduction of Neurotoxicity (NT):

Lead Acetate Pb (C#€OO0OH,) and Cadmium chloride (Cd§)lare
used for experimental induction of neurotoxicityrats. Pb and Cdglvere
prepared as a mixture of a toxic solution by digsgl the following doses
in 1 ml distilled water at a dose of Pb (30 mg/kg.baccording t&Galeh &
Meligy (2018) combined with the dose of Cd (5 mg/kg b.w.) adoay to
Mohammed et al., (2014) The toxic solution was freshly prepared daily
and administered orally gavage in a volume of 1kgld.w. once daily for
30 days before treatment.

Alpha lipoic acid solution:

Thioctic tablets, manufactured as a pack of coethi80 film-coated
tablets. Each tablet contains 300 mg of alpha di@mid. The tablets were
crushed and suspended in distilled water, and asirated orally gavage as
a freshly prepared daily solution at a therapeaotice daily dose of (54
mg/kg b.w.) for 30 days after toxicity accordinggbSayedet al., (2016)

CaNa2EDTA solution:

The solution was made fresh daily by dissolving @2ERDTA in
sterile saline to a concentration of 50 mg/mL, themas given as
intraperetinoel injection in a therapeutic oncdyddose of (50 mg/kg) for 5
sequential days depending on the body weight oh eat according to
Sanchez-Fructuosat al., (2002)

Experimental Animals Protocol:

Rats were kept under surveillance for seven dayadaptation and
fed on basal diet. Six rats served as negativeraogroup (-ve) and
eighteen rats were orally gavage received a mixatigetoxic solution of Pb
(30 mg/kg b.w.) according t8aleh & Meligy (2018) combined with the
dose of Cd (5 mg/kg b.w.) according Mohammed et al., (2014)for 30
daysto induce Neurotoxicity. Then, rats were randomiljidied into three
groups (6 each), one group served as untreatewtoigity group (+ve)
and two served as treated groups as the follovgr@up with combined of
CaNa2EDTA (50 mg/kg b.w. i.p) a once-daily dose Sactonsecutive days
according toSanchez-Fructuosoet al., (2002) along with Thioctic acid

YT
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tablets (ALA) administrated by oral gavage as aslifle prepared daily
solution at a once-daily dose of (54 mg/kg b.wgaading toEl-Sayed et
al., (2016) for 30 days, and group treated with moringa seeasdpr
(+MOS.P): treated with 5% moringa seeds powderubsttuting some of
the basic diet components, for 30 days. Food andrweas providedd-
libtum. Food intake was recorded daily and body weightrats was
measured once weekly, until the end of experimegoealod (60 days). All
the biological experimental procedures were peréarmaccording to
Internationally Ethical Guidelines for the care ars# of laboratory animals.
Permission to conduct the experiment was obtaimeth fthe Research
Ethics Committee at the Faculty of Specific Edumati Mansoura
University.

Chemical composition of Moringa seeds samples:

Moisture, fat, protein, fiber and ash contents g @eight (D.w)
were determined according to the methods of AAC (2005). Total
carbohydrates and Nitrogen-free extract (NFE) wesaculated by
difference as following:

Total carbohydrates% = 100 - (moisture % + pro¥%in fat % + ash %).
Nitrogen-free extract% = 100 - (moisture% +proteinfdt % +ash %+ fiber %).

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

Energy (kcal.100g) = (g of protein x 4) + (g of fa®) + (g of carbohydrate x 4).
Nutritional Parameters:

The amounts of food intake was recorded daily, evhalt's weighted
once a week to identify body weight gain. Body wigain, feed efficiency
ratio (FER), and protein efficiency ratio (PER) atdate according to
Chapmanet al., (1959)

Biological analyzes:
At the end of experimentation, animals were an¢igind by di-ethyl

ether and blood samples were gathered from the icenghus of the rat's
eye using heparinized capillary tubes, and thens#rem was taken after
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centrifugation at 3000 rpm for 10 minutes. The sehiochemical analysis
includes the following:

Cyclooxygenase-2 (COX-2), C-reactive protein lef@@RP), Lactic
Dehydrogenase (LDH),) were measured depending @migthod ofVan
Weemen & Schuurs, 1971; Vaishnavi, 1996 and Vassault, 1983,
respectively) Acetyl cholinesterase (AChE) levels were assessedsing
the manufacturer's protocol of a Rat Acetylcholieesse ELISA Kit
Principles (No. DEIASL417; Creative Diagnostics Co., Shirley, New York,
USA). Dopamine (DA) level was assessed by enzynied
immunosorbent assay using the manufacturer's mbtoic a Mouse/Rat
Dopamine ELISA Assay Kit (No. DOU3RB91; Eagle Biosciences, Inc.,
Boston, USA). Serotonin (ST) levels were assessgd ubing the
manufacturer's protocol of a Rat Serotonin ELISA WNo. LS¥27987,
LifeSpan Biosciences, Inc., Seattle, WashingtonA))Svere determined
according tqKelishadi et al., 2018)

Serum Lipid peroxidation (Malondialdhyde "MDA") and
Antioxidant enzymes: Catalase (CAT), superoxidemdigmse (SOD),
Reduced Glutathione (GSH). Glutathione PeroxidasgePxj were
determined according to the method described(Pgoletti & Macali,
1990; Eze €t 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 aminotransfer@s®T) and Alkaline
phosphatase (ALP) were determined according(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 aasin (H&E)
for histopathological examination accordingBancroft et al., (1996).

Statistical data analysis:

Gathered data were analysis according to SPSSammogccording
to Abu-Bader (2011)
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RESULTS AND DI SCUSSI ON:
Chemical composition of chia seeds samples:

The data in table (1) showed moringa seeds chemiraposition as

a percentage as the following: moisture conte6t73 + 0.08%, fat content
is 29.23 + 0.06%, protein content is 31.17 + 0.0Z4%h content is 4.31 £
0.04%, total carbohydrate (T. Carb) content is 28:3).24%, fiber content
is 5.13 + 0.05%, Nitrogen-free extract (NFE) contsn23.39 + 0.29% and
energy is 501.83 + 0.20 kcal.100g. This findinghnéarly similar to a study
showed the chemical composition of whole moringadsecontains as the
following: 6.70% moisture, 31:30% protein, 28.85%, f26.71% dietary
fiber, and 4.22% Asl{Salamaet al., 2018) The chemical compositions of
seeds are good source of essential nutritional oanmgs associated with
human's health promotion and disease preveri8enilaet al., 2021).

Table (1): Chemical composition (%) of raw moringaseeds:

Component Values
Moisture 6.77 £ 0.08 %
Fat 29.23 £ 0.06 %
Protein 31.17£0.07 %
Ash 4.31+0.04 %
T. Carb 28.51 £ 0.24%
Fibers 5.13+0.05%
NFE 23.39+£0.29 %
Energy (kcal.100g) | 501.83 +0.20

Each value is average repetition three times, wheas 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
studly:

The arithmetical data in table 2 showed: the utdécaeurotoxicity
rats group (+ve) had a significant decrease in leeight gain, body weight
gain %, food intake, feed efficiency ratio (FER)otein intake, and protein
efficiency ratio (PER), when compared with conggabup (-ve). While, the

T3
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neurotoxicity rat groups treated with the combioatof CaNa2EDTA &

ALA and moringa seeds powder showed significantrelese in body
weight gain, body weight gain %, food intake, FPpRytein intake, and PER
when compared with the control group (-ve). Whiletritional indicators at
CaNa2EDTA & ALA and moringa seeds powder treatemligs marked a
significant increase when compared with the undeateurotoxicity group
(+ve).

Chronic administration of Cd and Pb is related dsséning body
weight, anorexia, vomiting, nausea, muscle wastng oxidative stress
(Fiati Kenston et al., 2018 and Lopotychet al., 2020) Treated with
moringa seeds achieved significant improvementeweight gained and
different nourishment effec{®\l-Malki & El Rabey 2015 and Sardabi et
al., 2022) Seeds are usually rich sources of fatty aciégspkst, dietary fiber
and phenolic which have shown ability to enhancestabolism, anti-
obesity promotion, increase satiety and used astional medicine for
some chronic degenerative diseadesy et al., 2022)

Table (2): Nutritional indicators of neurotoxicity rats treated by calcium
disodium edetate with alpha-lipoic acid and moringaseeds powder:

different combinations of superscript letters (a, bc, d...).

{ 388 )

=
rameters feed Protein
Weight Weight Food efficiency || Protein efficiency
groups Gain () Gain % Intake (g) | ratio Intake (g) | ratio
(FER) (PER)
Control 79.83 50.43 18.08 0.073 3.62 0.37
3 (-ve) +2 .37 +1.8% +0.34 +0.003 +0.07 +0.02
g Control 34.17 21.61 11.99 0.047 2.40 0.24
£ | (+ve) +2.86" +1.83 +0.34 +0.004 +0.07 +0.0%
+CaNa2EDTA 55.33 35.06 15.33 0.060 3.07 0.30
& ALA +1.27° +0.52 +0.34 +0.002 +0.07° +0.07°
o
e 50.17 31.69 14.63 0.057 2.93 0.29
@ | +MOS.P
£ +1.17 +0.64 +0.34 +0.002 +0.07° +0.07°
The results were illustrating as mean = SD valueg each column having

N
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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 significecrease in
COX-2, CRP, and LDH levels in the untreated newicity rats group
(+ve) when compared with the control group (-vehiM/the neurotoxicity
group treated with the combination of CaNa2EDTA &AAshowed a
significant increase in COX-2, and LDH levels, vehiCRP showed non-
significant differences when compared with the omngjroup (-ve). Also,
the neurotoxicity group treated with moringa segadsvder (+MOS.P)
showed a significant increase in COX-2, CRP, andHL[®@vels when
compared with the control group (-ve). Moreoveeated groups with
combination of CaNa2EDTA & ALA and MOS.P marked igngficant
decrease in the levels of COX-2, CRP, and LDH, wbempared with the
untreated neurotoxicity group (+ve).

Moringa seed contain different concentrations ofseasal
unsaturated fatty acids, which help to reducecmfhation by restoring the
antioxidant system, increased fatty acid oxidatiangd reduced metabolic
disorders (Hamdy et al., 2019 and Chenet al.,, 2022) The anti-
inflammatory effect of Moringa seeds treatment wasfirmed by the low
circulating levels of CRP due to its photochemicabmpounds
(Randriamboavonjy et al., 2017) Also, the phenolic glycosides that exist
in Moringa oleifera seeds suppress inducible prbdnof COX-2 proteins
and significantly inhibited LDH leakage in treated cells(Sunet al., 2019
and Akter et al., 2021)
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Table (3): Serum Lactic Dehydrogenase (LDH), C- rective protein (CRP),
and Cyclooxygenase-2 (COX-2) levels of neurotoxigit rats treated by
CaNa2EDTA with ALA and moringa seeds powder:

—
Parameters COX-2 CRP LDH
groups (pg/mL) (mg/mL) (U/L)
S Control ] 33.85 2.14 1377.83
£ (-ve) +4.15" +0.17 +12.95'
£ Control 79.90 5.55 4195.67
2 (+ve) +2.07 +0.62 +12.83
= +CaNa2EDTA 43.95 2.29 1551.67
% & ALA +7.14 +0.25 +12.55
o 53.93 2.73 2290.17
i *MOS.P +3.68 +0.20 +9.66

The results were illustrating as mean £ SD values ieach column
having different combinations of superscript lettes (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 increasd AChE and DA
levels, and a significant decrease in ST levehm untreated neurotoxicity
rats group (+ve) when compared with the controlugrg¢-ve). While, the
neurotoxicity groups treated with CaNa2EDTA & ALAdmoringa seeds
powder (+MOS.P) showed a significant increase irhBGnd DA levels,
While, ST level showed a significant decrease whempared with the
control group (-ve). Moreover, neurotoxicity groupgeated with
CaNa2EDTA & ALA and MOS.P marked a significant dsage in the
levels of AChE and DA While, ST level showed a #figant increase when
compared with the untreated neurotoxicity groupef+inhibition of AchE
is a therapeutic target using the inhibitory ndtpraducts. Therefore, using
moringa seeds fats could modulate AchE activitythe cerebrum and
reduces the neurotoxicity effedfBamurewa et al., 2018) Also, Moringa
seeds act as a neuroprotective agent, had theyatoiliactivate serotonin

200
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receptors on gastric tissues, and are potentiadlgduas an alternative
therapy for neurodegenerative disordgigqat et al., 2022)

Table (4): Serum Dopamine (DA), Serotonin (ST), andicetylcholinesterase
(AChE) levels of neurotoxicity rats treated by CaN@EDTA with ALA and
moringa seeds powder:

T
Parameters AChE ST DA
groups (pg/ml) (ng/ml) (ng/ml)
S Control | 25.98 184.72 11.55
£ (-ve) +2.8(f +4.87° +0.51°
£ Control 127.43 136.50 23.22
> (+ve) +11.10 +7.05 +0.47°
o | +CaNa2EDTA 39.67 170.17 13.88
g & ALA +7.68 +6.45 +0.60f
[¢]
g 70.22 156.18 16.12
+
MOS.P +3.37 +9,72° +0.79

The results were illustrating as mean £ SD valuesieach column
having different combinations of superscript lettes (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 increaddDA levels, and
showed a significant decrease in CAT, SOD, GSH GRX levels in the
untreated neurotoxicity rats group (+ve) when comgavith the control
group (-ve). While, the neurotoxicity groups treht@ith a combined of
CaNa2EDTA & ALA and moringa seeds powder (+MOS.Rpwged a
significant increase in MDA levels, and showedgngicant decrease in the
levels of CAT, SOD, GSH and GPX when compared withcontrol group
(-ve). Also, the CaNa2EDTA & ALA and MOS.P treatgebups marked a
significant increase in CAT, SOD, GSH and GPX lsyend showed a
significant decrease in MDA levels when comparedhwthe untreated
neurotoxicity group (+ve).

201
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Neurotoxicity related to Pb and Cd exposure caasesicrease in
MDA levels could be the result of a series of pdréions in brain
metabolism and the production of free radicals WhHead to impair the
functions and ultrastructure of the central nerveystem(Antonio et al.,
2003 and Zhanget al., 2009) The free radicals will attack proteins, DNA,
polysaccharides, and cell membranes that consigiblyunsaturated fatty
acids, leading to an increase in MDA levels andeerehse in antioxidant
enzymes activity, which causes progressive daméageeltular structures.
(Halliwell, 2011 and Poljsaket al., 2013)

Alpha-lipoic acid has a promising natural and sbfélating agent,
due to an amphiphilic property which allows it tas#y cross the blood-
brain barrier and cell membranes and also helpsadtvate other
antioxidants such as vitamin E, vitamin C and cgere Q10(AIMomen &
Blaurock-Busch, 2022) Furthermore, rats fed on moringa seed showed a
significant decrease in MDA and a significant irage in the antioxidant
enzymes activities including CAT, SOD, GSH and GF5¢ed powder
antioxidant activity are due to its contents ofdmtive components such as
phenolics and flavonoids, because it's scavendiegteon the free radicals
(Al-Malki & EI Rabey 2015 and Mahmoud, 2021)

Table (5): Serum Malondialdhyde (MDA) and antioxidant enzymesCatalase
(CAT), superoxide dismutase (SOD), Reduced Glutatbhe (GSH), and
Glutathione Peroxidase (GPX) levels of the experinmal rat groups:

—
Parameters MDA CAT SOD GSH GPX

groups nmol/ml (U/L) (U/L) (umol/L) (mU/ml)
= Control l 6.07 0.95 42.49 2.06 96.12
= (-ve) +0.20" +0.01° +0.90° +0.08" +2.92
% Control 21.18 0.23 8.11 0.69 25.57
S (+ve) +3.23 +0.07 +4.19 +0.03 +8.46
+CaNa2EDTA 9.93 0.79 38.35 1.57 72.36

B b
£ & ALA +0.7% +0.01 +0.93 +0.12 +5.78
< AMOS.P 13.23 0.69 27.21 1.29 63.17
' +0.8% +0.0F +2.95 +0.16° +1.8%

{ 392)
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The results were illustrating as mean + SD valuesieach column
having different combinations of superscript lettes (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 increasdrea, Creatinine,
T.BiL ALT, AST, ALP and GGT levels in the untreatedurotoxicity group
(+ve) when compared with the control group (-vehiM/the neurotoxicity
group treated with the combined of CaNa2EDTA & Alshowed a
significant increase in Urea, ALT and AST Levelsenttompared with the
control group (-ve). While, the neurotoxicity ratgoup treated with
moringa seeds powder (+MOS.P) showed significactemse in Urea,
Creatinine, T.BiL ALT, AST, ALP and GGT levels wheompared with
the control group (-ve). Moreover, neurotoxicitgdted groups with the
combined of CaNa2EDTA & ALA and MOS.P marked a #igant
decrease in Urea, Creatinine, T.BiL ALT, AST, ALRJaGGT levels when
compared with the untreated neurotoxicity groupe{+v

Pb and Cd cause the increase in liver enzymatidvitaes
specifically AST and ALT(Zou et al., 2020 and Hassanet al., 2022)
CaNa2EDTA effectively slowness the progressionhwbnic kidney disease
in patients with body Pb burden by increased lewélsreatinine clearance
and glomerular filtration. While, ALA has a protieet effect on Cd-induced
oxidative stress, due to its potent antioxidant mnedal chelator activity that
can repair oxidative damaged and exert antioxidahtlar activities, also,
significantly decreased the activity of serum ASLT, LDH, and GGTP,
which counteracts organ damage caused by cadrfliumet al., 2016 and
Markiewicz-Goérka et al., 2019) Simultaneous treatment of moringa seeds
reduced Cd-induced hepatotoxicity by improving fifienction as indicated
by reducing ALT, AST, and ALP activities and ragialbumin levels, also,
had shown significant improvement in Urea and Qnes levels. The
hepatoprotective property of Moringa is attributedits high antioxidant
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activity and free radical scavenging activity whicaused stabilization of
cell membrane activity preventing enzyn{i&alehet al., 2019; Alshubaily
& Almotairi, 2020 and Mahmoud, 2021)

Table (6): Some serum Kidney and Liver function: Creatinine, UWea, Alanine
aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline

phosphatase (ALP), Gamma-glutamyl Transferase (GGTand Total Bilirubin
(T.BIL) levels of the experimental rat groups:

=
Parameters Urea Creatinine T.BiL ALT AST ALP GGT
groups (mg/dl) (mg/dl) (mg/dl) (U/L) (U/L) (U/L) (U/L)
- Control } 25.65 0.53 0.31 34.67 140.50 86.00 3.29
= (-ve) +4.62 +0.02 +0.09° | +5.20° +920' | +10.99 | +0.46
% Control 101.17 1.57 1.56 83.33 419.33 344.00 19.28
S (+ve) +9.56" +0.12 +0.20° +3.56" +8.82 +11.2G +3.28
= +CaNa2EDTA 37.33 0.59 0.41 4417 170.17 95.33 4.30
g & ALA +3.51° +0.0Z +0.14 +6.27 +7.28 +8.29 +0.54
g +MOS.P 51.50 0.67 0.49 57.33 232.67 153.00 7.55
' +7.39 +0.05° +0.19 +4. 55 +6.99 +7.97 +0.70°

The results were illustrating as mean + SD valuesieach column
having different combinations of superscript lettes (a, b, c, d...).

Histopathological analysis of Brain specimens:

The microscopic pictures from the Brain corticattsens appear as
the following: the control group (-ve) and CaNa2ED& ALA treated
group showing normal neurons and neuropil in pegut&3 respectively.
While, the untreated neurotoxicity rats group (+skdwing leukocytic cell
infiltration, congestion and hemorrhage in meningesngested blood
vessels, focal area of necrosis infiltrated by tekic cells, and vacuolation
in the neuropil in picture 2. The neurotoxicity rgtoups treated with
moringa seeds powder (+MOS.P) showing mildly cotegedlood vessels
in pictures 4.
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Pic (1):7 Brain cortical sections for negative contl group (-ve) showing normal
neurons and neuropil (H&E-stained, X: 400 bar 50).

=

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

The ability of Pb to replace calcium ions accumalatin the brain
using calcium-ATPase pumps, which might play a ificant role in the
development of neurodegenerative diseases. Alsayyhenetals-induced
neuronal injury interferes with oxidative balanceuroinflammation, and
programmed cell deati(Shaban et al., 2021 and Enogieru & Egbon,
2022) The use of different nutrients from medicinalmamay reduce the
toxic effect of heavy metals mediated oxidative dgmin different organs
of the body, especially the brai(Abd EI-Ghany et al., 2019 and
Abdulidha et al., 2020) Furthermorethe harmful effect of the drugs and
chemicals on the histological state and functiofisth@ brain can be
prevented and treated through the administratidmeafthy medicinal plants
such as nuts, chia seeds and moringa sgéelsrich, 2020 and Usmaret
al., 2022)




PIC (3) Braln cortlcal sectlons for treated groupby CaNaZEDTA &ALA showrng
normal neurons and neuropil (H&E-stained, X: 400 ba 50).
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Prc (4) Brern cortrcal sectrons showrng mrIdIy codgested bbd vessels (red arrows)
(H&E-stained, X: 400 bar 50).

CONCLUSION:

In conclusion, we advocate for the incorporatioifha-lipoic acid
and moringa seeds into diets for individuals exgaselead and cadmium
toxicity, as they exhibit potential in mitigatinge adverse effects of these
metals on the nervous system.
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