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Aluminum (Al) is the third most abundant element in the Earth crust and constitutes about 8 % of the total mineral
components. Aluminum chloride (AICl;) is widely spread in the environment and has no known biological function.
Chronic exposure to aluminum chloride (AICl;) induces systemic toxicity, primarily through oxidative stress,
neuroinflammation, hepatotoxicity, and dyslipidemia. Conversely, ethanolic leaf extract of Moringa oleifera (MOE),
which is also characterized by a high concentration of polyphenols and flavonoid, has proven to possess effective
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College of Veterinary antioxidant properties and is a promising systemic protector. The current study is aimed at determining the protective
Medicine, University of effect of the therapeutic dose of ethanolic Moringa extract against the toxicity caused by aluminum chloride (AICI;)
Kerbala, in albino male rats (Rattus rattus). Forty albino males were divided into four groups and put through a successive
Karbala, 56001, Iraq 28 days exposure regimen. Orally gavage fed with aluminum chloride at the level of 100 mg/kg/body weight induced

toxicity. Ethanolic Moringa extract at therapeutic dose of 300 mg/kg/body weight was applied on the protection
group 1 hour following the administration of aluminum chloride. The main indicators were serum hepatic enzymes
(ALT, AST, ALP), lipid status (TC, TG, LDL, HDL), oxidative-stress-responses (SOD, NO, MDA) and renal
functioning (urea, creatinine). Aluminum chloride was given and prior to this there was notable hepatic enzyme
activity (ALT, AST, and ALP) and dyslipidemia, manifested by increased TC, TG, and LDL, and by an equivalent
decrease in HDL. Moringa extract (300 mg/kg) was found to greatly reduce these systemic toxic manifestations. In
cerebral tissue, the extract provided neuroprotection through increasing antioxidant capacity — as indicated by higher
levels of SOD activity and by eliminating nitrative stress. The ethanolic extract of Moringa oleifera leaves gives
extensive and powerful protection against both systemic and neurotoxic effects caused by 100 mg/kg of aluminum
chloride when administered at a 300 mg/kg dose. This protective effect can be primarily explained by its high
antioxidant activity and by its capability to regulate the action of inflammatory and lipid-regulating activities, which
highlights its possible use as a prophylaxis in nutrition.

Keywords: Moringa oleifera, aluminum chloride, hepatotoxicity, nephrotoxicity, antioxidant enzymes, oxidative
stress, lipid profile.

IIpoTeKkTHBHI BJIACTHBOCTI CIUPTOBOIO eKCTPAKTY JucTs Moringa olifera 3a ymoBn
€KCIEPUMEHTAJILHOI0 TOKCUKO3Y IIYPIiB XJIOPHIOM AJIIOMiHiI0

X. T. Maxi

R AmoMmiHiii (Al) € TpeTiM 3a NOIIHMPEHICTIO EIEMEHTOM Y 3eMHIl KOpi Ta CTAaHOBUTH 0JM3bKO 8 % Bix 3araibHOl
Koutewk serepunapnof KITBKOCTI MiHEpaJbHUX KOMIOHEHTIB. Xiopux amoMitiro (AlCl;) € 1ocTaTHRO MOMIMPEHNM Y HABKOJHIIHBOMY
MEULHHY, YHIBepCHTET cepenoBuili. OQHOYACHO IIeil €JIEMEHT HE BUKOHYE B JKMBOMY OpTaHi3Mi HiSIKMX 0i0JOTiYHO-BaXKIUBHX (yHKIIiL.
Kepbena, TpuBajauii BIUIMB XJIOPUJY QIIOMIHII0 BHKJIMKA€ CHCTEMHY TOKCHYHICTb, B IMEpILIy Yepry, 4Yepes3 MOsBY:
nposinuist Kep6era, Ipak OKCHJIATHBHOTO CTPECY, XPOHIYHHX 3alalbHUX TIPOLECIB Y HEPBOBIll CHCTEMI, FeMaTOTOKCHYHOCTI Ta MOPYIICHHS

obominy oimigiB. IMopsx 3 1M, cnuproBuil ekctpakt sucts Moringa oleifera, sxuii y CBOeMy CKIami
XapaKTePU3y€EThCsl BHCOKOIO KOHLEHTPAL€l0 MOMi(eHONB i (IaBOHOINIB, Mae e(pEeKTHBHI aHTHOKCHIAHTHI
BJIACTUBOCTI 1 € HEPCIEKTUBHUM CHCTEMHHM IPOTEKTOpoM. [T0TOUHE HOCIiKEHHS CIPsIMOBAHE HAa BU3HAYCHHS
[POTEKTHBHOrO  e()eKTy TEpareBTHYHOI 03U CIIMPTOBOTO eKCTpakry Jmctst M. oleifera 3a  ymoBu
€KCHEPHMEHTAJIHOIO TOKCHKO3Y LIypiB, BUKIMKAHOTO XJIOPU/IOM alIFOMiHik0. JIOCIIi [PKEHHSI IPOBOIMIIMCS Ha OLnX
11abopaTOPHUX LIypax, 3 IKUX 3a IPUHIUIIOM aHaJIoTiB Oyi10 copmoBaHo 4 rpymnu (1 KOHTpOJIbHA Ta 3 TOCHTIHUX).
MOHITOPHHT IPOTEKTHBHUX BIACTHBOCTEH CIIMPTOBOTO €KCTPAKTY JIMCTS M. oleifera 3jilicHIOBaIIN 3 TOKa3HUKaMHU
aKTUBHOCTI MEYiHKOBHX ()EPMEHTIB, JITiJHOr0 Npodisfo, 3a OIIHKOI MOKA3HUKIB OKCHJIATHBHOTO CTpECY Ta
(yHKIIOHYBaHHSM HUpOK. BH3HaueHO, 110 BBENCHHS XJIOPUAY ATIOMIHIIO IIypaM TPEThOi IOCIHITHOI Tpymu
npu3BoawiIo 10 BiporimgHoro (P<0,05) mimBuimenHs akTuBHOCTI nmewiHKoBHX (epMeHTiB (ACAT, AnAT Ta JID),
KOHIIGHTpALlil 3araJbHOrO XOJECTEPHHY, TPHUIJILEPHAIB, JINONPOTEiNiB HU3bKOI IMUIBHOCTI HA (OHI 3HIKCHHS
(P<0,05) ninompoTeiniB BUCOKOI IIITBHOCTI. 3acTOCYBaHHs IypaM TpeThoi focaiguoi rpynu AlCly y noenHanHi 3
EKCTPaKTOM JIHCTA M. oleifera 3HWKyBano Horo TOKCHYHMIl BIuMB. 3adikcoBaHo Biporigue 3umkenHs (P<0,05)
akTuBHOCTI ACAT, AnAT, JI®, BMiCTy 3arajibHOr0 X0JIECTEPUHY, TPUITILEPUIB, JTIHONPOTEIAiB HU3BKOI IIIBHOCTI
Ha ¢oni migsumenHs (P<0,05) BmicTy mimonpoTeiniB Bucokoi mineHOCTI. 3acTocyBaHHS M. oleifera mposBIsiio
HEWPONPOTEKTHBHI BJIACTUBOCTI, po mo cBigquman Buii (P<0,05) piBui aktuBHOcTi COJl Ha (oHI 3HAYHOrO
3HmkeHHs (P<0,05) okcuay asoty (NO) MOpIiBHSHO 3 aHAJIOTTYHUMH MOKAa3HHUKAaMU Y TBapHH TPEThOI JOCIIJHOL
rpynu. CiupToBUH eKCTpakT IHCTA M. oleifera 3abe3nedye MOTYXKHHI Ta MIMPOKUH 3aXUCT BiJl CHCTEMHHX Ta
HEHPOTOKCHYHHX e(eKTiB, BUKINKaHHUX Jicto Ha opraHisM AlCls, 110 Bka3ye Ha MOXJIMBICTb HOr0 BUKOPUCTAHHS
SIK IPO(ITTaKTUYHOT XapuOBOi T0OABKH.

KalouoBi cnoBa: Moringa oleifera, Xnopun amiOMiHIIO, TeNaTOTOKCHYHICTh, HE(HPOTOKCUUHICTS,
AQHTHOKCHJIAHTHI ()epMEHTH, OKCHIATHBHHUII CTpeC, JilliTHUH Tpodiib.

Bi6aiorpadiunmii onuc ausi nuryBaHHsi: Maxoi X. T. IIpOoTeKTHBHI BIACTHBOCTI CIUPTOBOrO EKCTPAaKTy JHCTS Moringa olifera 3a ymoBu
EKCIIePHMEHTAIIBHOTO TOKCUKO3Y LIypiB XJIOPHUAOM almoMiHito. Scientific Progress & Innovations. 2025. Ne 28 (3). C. 305-310.
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Introduction

The third most abundant element in the Earth crust is
aluminum (Al3+), which is widely used in packaging
food, purification of water, pharmaceutical formulas, and
kitchenwares [1]. Even though it is widespread, aluminum
has no physiological role in biological systems and is
classified as a non-essential element [2]. The long-term
effects of aluminum are associated with a continuum of
health effects, primarily due to neurotoxicity in the form
of cognitive impairment and neurodegenerative diseases,
including Alzheimer’s disease [3].

The neurotoxic effects of aluminum are mediated
through multiple mechanisms, including the generation
of reactive oxygen species (ROS), induction of neuro-
inflammation, promotion of amyloid-beta aggregation,
and hyperphosphorylation of tau proteins [4]. After
cellular absorption, aluminum is able to cross the blood
brain barrier, accumulate in neural tissue and cause
neuronal damage and apoptosis [5]. Besides the central
nervous system, systemic toxicity as evidenced by hepatic
dysfunction (significant increase in blood serum of ALT,
AST, and ALP), Renal dysfunction is manifested by
increased serum urea and creatinine levels
and dyslipidemia (increased total cholesterol (TC), tri-
glycerides (TG), low-density lipoprotein (LDL), and
a decrease in high-density lipoprotein (HDL)) as a result
of aluminum exposure [6].

Moringa oleifera, also known as the drumstick or
horseradish tree is native to India though it grows in
various areas of tropical and subtropical regions [7]. All
the components of the plant such as leaves, seeds and pods
have been used in traditional medicine because of the
nutritional and medicinal properties [8]. Leaves,
especially, are a good source of vitamins A, C and E, a
vast array of phytochemicals including polyphenols (such
as quercetin, kaempferol), flavonoids (e.g., rutin), and
glucosinolates, thus giving them strong antioxidative and
anti-inflammatory effects [9].

Mechanisms of aluminum-induced toxicity. Exposure
to aluminum is observed during the intake of contami-
nated food, water, antacids and leaching through cooking
ware [10]. Aluminum that is ingested is transported to
critical body organs like the brain, liver, and bones
where it causes toxicity along various mechanistic
pathways [11]. The primary action is the production of
reactive oxygen species (ROS), which inactivate natural
antioxidants, such as superoxide dismutase, and
glutathione, and increase lipid peroxidation, oxidation of
proteins, and damage DNA [12]. The final result of this
oxidative condition is the stimulation of microglia and
astrocytes and the release of pro-inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-alpha) and
interleukin-6 (IL-6) [13]. Also, aluminum enhances
amyloid-beta deposition and tau protein hyperphosphory-
lation, characteristic of the Alzheimer disease [14].
Memory deficits are aggravated due to cholinergic
transmission disruption by the increased acetylcholine-
esterase (AChE) activity [15]. Hepatocyte deposition
of aluminum leads to liver injury in the form of elevated
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP)

activities, systemically. Lipid metabolism is also impaired
due to aluminum, increasing serum levels of TC, TG, and
LDL and decreasing HDL levels [16, 17].

Therapeutic potential of Moringa oleifera. Leaves of
Moringa oleifera are an important source of nutrition
and contain high bioactive molecules. Rich in vitamins
C, E, and A, they act like direct scavengers for free
radicals [18]. Polyphenolic compounds like chlorogenic
acid, quercetin, gallic acid, and flavonols like isoquercetin
and rutin constitute the primary basis for Moringa oleifera
antioxidant properties, supported by in vitro experiments
demonstrating radical scavenger activity versus DPPH
and ABTS similar to model antioxidants [19].
Experiments on animal models suggest that water extracts
of Moringa oleifera increase the levels of glutathione
(GSH) and total antioxidant capacity (TAC) in multiple
tissues [20]. Moringa oleifera anti-inflammatory effect is
evidenced by suppression of TNF-a and IL-6 generation
in LPS-stimulated macrophages, most likely through the
modulation of NF-kB and MAPK signaling pathways.
These features render Moringa oleifera a promising
means to counteract aluminum-induced oxidative and
inflammatory damage. Preclinical testing evidence of
Moringa oleifera extract (MOE) protection against alumi-
num toxicity [21].

Moringa  oleifera  protective  effect  against
AICls-induced toxicity. Ekong et al. (2017) exposed
Wistar rats to AICI3 (100 mg/kg of body weight) for
28 days, and MOE (300 mg/kg of body weight) was given
an hour after AICl;. MOE treatment decreased temporal
cortical neuronal degeneration significantly, enhanced
superoxide dismutase (SOD) activity, and lowered
cholesterol peroxidation in brain homogenates [22].
Gouda et al. (2018) extended the duration of exposure to
60 days and found that MOE corrected AICl; evoked
cardiotoxicity, restoring cardiac histopathology as well as
antioxidant markers [15]. Hindawy et al. (2024)
conducted a comprehensive 28-day research in chronic
Wistar rats and validated that MOE (300 mg/kg of body
weight) co-treatment with AICl; (100 mg/kg of body
weight) reinstated cerebral SOD and nitric oxide (NO)
homeostasis, suppressed TNF-a and IL-6 expression, and
preserved cortical neuronal structure, as evidenced
through hematoxylin and eosin staining [20].

The aim of the study

The current study aims to determine the protective
effect of a therapeutic dose of ethanolic Moringa extract
against the toxicity caused by aluminum chloride (AICI3)
in albino male rats (Rattus rattus).

Materials and methods

Preparation of the ethanolic extraction of Moringa
oleifera

Leaves were washed well with distilled water to
eliminate surface contaminants and dust, and air-dried in
a well-flowing shaded area at room temperature (25+2°C)
for 21 days to avoid photodecomposition of bioactive
molecules [24]. After complete drying, the dried leaves
were milled into a fine, uniform powder using a
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high-speed hammer mill and sieved on a 0.5 mm mesh
screen to ensure uniform particle size. The powder was
stored in amber glass bottles sealed against oxidation and
microbial contamination at 4°C until extraction. For
extraction of ethanolic, dry leaf powder (100 g) was
macerated in 1,000 ml of 100 % pure ethanol (Sigma-
Aldrich, Germany) in a glass jar covered with a lid. The
mixture was shaken at room temperature (25°C) every day
for 72 hours to facilitate the dissolution of polar and
semi-polar phytochemicals [25].

Animals of the study

This research was conducted at the University of
Kerbala, College of Veterinary Medicine, in the animal
house of the Physiology Department. A total of forty male
albino rats (Rattus rattus) of mean weight 200+20 g and
aged from 8 to 10 weeks were used. The animals were
kept for two weeks before the experiment for acclimatiza-
tion. Ten animals were kept in each of the 15 x 35 x 50 cm
individual plastic cages. Ad libitum feeding was provided
with a standard pellet diet, and free access to water
was given. The animals were kept under controlled
temperature (22-25°C) and lighting (14L: 10D) condi-
tions.

Experimental design

The experimental animals were divided into four
groups, each consisting of 10 male rats as follows:

Group 1 (Control). Treated orally by gavage once
daily with 0.5 ml of distilled water.

Group 1I (Moringa). Treated orally by gavage once
daily with ethanolic Moringa oleifera extract in a dose of
300 mg/kg of body weight.

Group III (AICI3). Treated orally by gavage once daily
with aluminum chloride (AICl3-6H >20) in a dose of
100 mg/kg of body weight.

Group 1V (Moringa + AICl3). Treated orally by
gavage with Moringa extract (300 mg/kg) and aluminum
chloride (100 mg/kg) once a day.

All the treatments were given by oral gavage with a
stainless-steel feeding needle for four weeks in
succession. After the treatment period (28 days), the
animals were kept overnight (12 hours) fasted with free
water access. Blood was taken by cardiac puncture under
light anesthesia, and the blood serum was separated and
kept at -80°C till biochemical analysis.

Biochemical assays

Serum lipid profile

Kits were used to assess the serum levels of total
cholesterol (TC), high-density lipoprotein (HDL),
and triglycerides (TG) (Agappe Diagnostic LTD, Kerala,
India). LDL was calculated according to Schettler &
Niissel, [26]. The atherogenic index (TC/HDL)
and LDL/HDL ratio were also calculated (Leimieux et al.,
2001) [27].

Liver enzymes

An aspartate aminotransferase test kit was used
to measure AST activity in the serum (Agappe diagnostic,
India code 683-562), An Alanine aminotransferase test
kit was used to measure in serum (Agappe diagnostic,
India, Clin. Chem, and an Alkaline phosphatase

test kit was used to measure in serum (Agappe diagnostic,
India).

Serum bio-oxidative markers:

- Malondialdehyde (MDA): It is easy to use the MDA
Microplate Assay Kit to detect MDA in a range
of samples. Thiobarbituric acid (TBA) reacts with MDA
in the sample to form the MDA-TBA adduct. You may
readily measure the MDA-TBA adduct using a
colorimeter (A= 532 nm). The results were expressed
in nmol/ml.

- Superoxide dismutase (SOD): Microplate Assay Kit.
Light with a wavelength of 560 nm or longer is absorbed
by NBT-diformazan. SODs diminish the levels of
superoxide ions, which in turn reduces the rate at which
NBT-diformazan is formed. NBT-diformazan decrease
is a good indicator of SOD activity in the experimental
samples.

To assess the amount of NO, it is a usual practice to
test the total NO2-/NO3- ratio. At 550 nm, a colorimetric
readout may be used to determine the reaction products.
According to Kavsaket et al. [28], the values were
expressed in umol/l.

Kidney function tests

Serum creatinine and urea levels were determined
by the use of specialized kit (Agappe diagnostics, India).

- Creatinine: In order to detect the blood creatinine
levels, the researchers used a specialized kit (Agappe
diagnostics, India). When creatinine is combined with
picrate in alkaline media, a colorful complex is formed.
In order to estimate the quantity of creatinine in the
specimen, a spectrophotometer may be used to measure
the absorbance at 500 nm.

- Urea: The following reaction is used to determine
urea through enzymatic means according to the Agappe
diagnostic India kit protocol (Kassirer, 1971) [29].

Statistical analysis

The values were expressed as mean + standard
deviation (SD). One-way analysis of variance (ANOVA)
was performed for the analysis of significant differences
between the groups, and follow-up the least significant
difference (LSD) post-hoc test for multiple comparisons
using SPSS version 26 (IBM Corp., Armonk, NY, USA).
The statistical significance was determined with a
P-value < 0.05.

Results and discussion

The protective effect of the ethanolic extract of
Moringa oleifera against aluminum chloride-induced
toxicity is indicated through the various biochemical
parameters. From the obtained results, it can be shown
that aluminum chloride exposure initiated serious
systemic disturbances, which were effectively reversed
through the co-treatment with Moringa extract.

Effect of the treatments on liver enzyme activity

Table 1 shows the effect of different treatments on
liver enzymes (AST, ALT, ALP). Group III (exposed to
aluminum chloride only) showed a drastic and statistically
significant rise (P<0.05) in the activity of all the enzymes
compared to the control group.
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Table 1
The effects of different treatments on liver enzyme
activity in male rats, Mean + SD, (n=10)

Parameters
Groups AST ALT ALP
(U/L) (U/L) (U/L)

Group L 85.749.84¢  55448.14¢ 162.449.90 ¢
(Control)
Cepit 78.348.52¢  48.146.17¢ 158.5£10.72°
(Moringa oleifera)
Group I11. 170.6511.64+ 110.9£12.15 261.7£13.73
(Aluminum)
Group IV.

b b b
it Al 110.4£10.47 > 75.746.23 187.8+11.5
LSD values 9.23 7.73 10.47

Note: means followed by different letters in the same column indicate
a statistically significant difference (P<0.05) between the values.

AST level increased from 85.7 U/L for the control
group to 170.6 U/L in the aluminum group (a rise of
99 %). Similarly, the level of ALT increased from
554 U/L to 110.9 U/L and the level of ALP increased
from 162.4 U/L to 261.7 U/L. These increases depict the
extent of the liver cell damage.

Conversely, the co-treatment with Moringa extract
and aluminum chloride (Group IV) yielded a significant
decrease (P<0.05) in the levels of these enzymes
compared to those with the aluminum group alone. The
value of AST decreased to 110.4 U/L, the value of ALT —
to 75.7 U/L, and the value of ALP — to 187.8 U/L. The
significant decrease is the proof of the hepato-protective
effect of Moringa extract.

Group II (solely Moringa) had enzyme levels as in the
control group, and this indicated the safety of the extract
on the liver functioning at the given dose.

Effect of the treatments on kidney function indicators

The effect of the treatments on the kidney functioning
markers (urea and creatinine) is shown in Table 2.
Aluminum chloride treatment (Group III) caused a
significant (P<0.05) rise in serum urea and creatinine
compared to the other treatments.

Table 2
The effects of different treatments on kidney functioning
in male rats, Mean + SD, (n=10)

Parameters
Groups Urea Creatinine
(mg/dl) (mg/dl)

Group 1. ¢ ¢
(Control) 17.85+1.23 0.54+0.02
Group I1. . .
o o) 16.6+1.52 0.56+0.06
Group III. 28254237+ 0.96+0.04°
(Aluminum)
Group 1V. 3 b
(Moringa + Aluminum) BLELD LRI
LSD values 2.93 0.21

Note: means followed by different letters in the same column indicate
a statistically significant difference (P<0.05) between the values.

The urea level increased from 7.85 mg/dl in the
control group to 28.25 mg/dl, and the creatinine level

increased from 0.54 mg/dl to 0.96 mg/dl, showing
a pathological effect on renal function.

Co-treatment group (Aluminum + Moringa) exhibited
outstanding protection and healing (P<0.05), wherein
urea and creatinine were reduced to 19.1 and 0.71 mg/dl,
respectively. They are both far more similar to the
indicators of the control group. This demonstrates the
possibilities of Moringa extract to prevent the kidneys
toxicity against aluminum.

Effect of the treatments on oxidative stress biomarkers

Table 3 shows the oxidative stress condition in
the various experimental groups. Group III, or the
aluminum group, had significantly increased (P<0.05)
malondialdehyde (MDA), a marker for lipid peroxidation,
with the level reading 10.8 nmol/ml, compared to
the level of the control group, which was 4.1 nmol/ml.
Also, the level of nitric oxide (NO) markedly increased to
15.7 umol/mg, while superoxide dismutase (SOD)
activity markedly dropped to 8.1 U/mg. In all, these data
indicate an oxidative stress critical state.

Table 3
The effects of different treatments on oxidative activity
in male rats, Mean + SD, (n=10)

Parameters
Groups NO SOD MDA
(umol/mg) (U/mg) (nmol/ml)
(Gc'ﬁrﬁ% 5040.5¢  15241.80¢  4.140.6¢
Group I1. . R .
(Morings oleifera) 5.640.9¢ 21.542.2%  3.440.5
gﬁﬁﬁi%@ 15741 42 8.1+1.53¢  10.841.9¢
gjﬁ)‘;ﬁl ; Z + Aluminum) 7.5403% 17.842.01% 5.2+0.8°
LSD values 1.37 1.64 0.84

Note: means followed by different letters in the same column indicate
a statistically significant difference (P<0.05) between the values.

The Moringa extract treatment (Group IV) reversed
these changes very effectively. MDA value dropped
to 5.2nmol/ml, and NO concentration was lowered
to 7.5 umol/mg. It is important that SOD enzyme
activity was also restored impressively to 17.8 U/mg,
nearing the control group level. Moreover, the
Moringa-alone group revealed the highest level of SOD
activity of 21.5 U/mg, confirming its strong antiox-
idant-protection activity.

Effect of the treatments on lipid profile markers

Table 4 shows the impact on the serum lipid
profile markers. Aluminum chloride (Group 3) exposure
caused severe dyslipidemia as seen by significant
statistically significant increase (P<0.05) in total
cholesterol (TC) to 180.6 mg/dl, triglycerides (TG) to
161.3 mg/dl, and low-density lipoprotein cholesterol
(LDL-C) to 120.2 mg/dl. At the same time, there was
a significant decrease in the high-density lipoprotein
cholesterol (HDL-C), or the good cholesterol, which was
35.1 mg/dl.

Scientific Progress & Innovations e 28 (3)



Table 4

The effects of different treatments on lipid profile activity in male rats, Mean + SD, (n=10)

Parameters
Groups Total cholesterol (TC) Triglycerides (TG) LDL-C HDL-C
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
Group I. (Control) 110.3+12.4¢ 85.4+10.1¢ 45.4+7.1¢ 55.246.3"
Group II. (Moringa oleifera) 110.749.2 ¢ 78.1£8.7 ¢ 41.5+6.2 ¢ 65.6+7.12
Group III. (Aluminum) 180.6+£18.4*% 161.3£19.5 120.2417.73 » 35.1+5.4¢
Group IV. (Moringa + Aluminum) 135.4+11.7° 112.7+13.2° 75.8£10.1° 54.6+6.8 "
LSD values 13.24 12.96 10.23 5.48

Note: means followed by different letters in the same column indicate a statistically significant difference (P<0.05) between the values.

These complications were greatly relieved by co-
treatment with Moringa extract (Group 4). The TC, TG,
and LDL-C concentrations decreased significantly, and
the HDL-C was 54.6 mg/dl, which is not statistically
different from the control. These findings highlight the
ability of Moringa to regulate lipid metabolism and
prevent lipidemia caused by aluminum. Especially a
higher concentration of HDL-C was observed in the
Moringa-only group (65.6 mg/dl), which indicates a
possible cardiovascular effect.

The results of this study strongly confirm the multiple
protective efficacy of the ethanolic extract of Moringa
oleifera leaves against systemic neurotoxicity induced by
aluminum chloride in rats. The multiple protective
mechanism by which the extract demonstrates its action,
including hepatoprotection, nephroprotection, oxidative
stress modulation, and dyslipidemia regulation, makes it
an effective means as a protective dietary supplement.

The present study has shown that the treatment with
aluminum chloride leads to acute nephrotoxicity and
hepatotoxicity, as evidenced by the significant rise in the
liver enzymes (AST, ALT, ALP) and kidney function
tests (urea and creatinine). These findings are consistent
with previous observations that aluminum is accumulated
in the liver and kidneys and leads to cell damage and the
release of these markers into the circulatory system. The
significant decrease of these markers in the Moringa +
aluminum group indicates the extract’s ability to maintain
the integrity of hepatocyte and renal cell membranes.
Moringa’s high phenolic and flavonoid content, such as
quercetin and kaempferol, may be accountable for this
protection because of their potency as antioxidants and
anti-inflammatory agents, which reduce cellular damage
caused by aluminum-induced oxidative stress. This
observation is in agreement with [23] on the normaliza-
tion of serum liver enzymes in rats fed on Moringa extract
after being treated with aluminum.

Aluminum toxicity involves oxidative stress
mechanism. We found that aluminum induced severe
complication of the oxidation state manifested by elevated
lipid peroxidation (MDA), elevated nitrative stress (NO),
and loss of endogenous antioxidant protection (SOD).
The effectiveness of Moringa extract in normalizing the
SOD activity to the high level and decreasing MDA and
NO to lower levels is beyond doubt the evidence of its
antioxidant power. SOD enzyme is one of the first lines
of defense mechanism against free oxygen radicals and
when its work is stimulated, the destructive mechanisms
that cause cell damage are diminished. The findings agree
with [22] in which it was found that Moringa extract

replenished SOD activity and decreased lipid peroxida-
tion in the exposed rats’ brain tissue due to exposure
to aluminum. Moreover, polyphenols, being active
constituents in Moringa, are direct free radical
scavengers, as well as they can regulate cellular signaling
pathways, including the Nrf2/ARE pathway which is a
regulator of antioxidant gene expression. Other studies
attribute the reversal of the neuroinflammation being
a crucial component of aluminum-induced neurodegene-
rative diseases to the action of Moringa in inhibiting t
he synthesis of the inflammatory cytokines of TNF-alpha
and IL-6.

Dyslipidemia caused by aluminum was considered
in the current study, where there were significant
increases in TC, TG and LDL-C and a decrease in
HDL-C. The raised risk of cardiovascular disease is
observed in this pattern of lipid disturbance. The ability of
the Moringa extract to normalize these parameters,
especially to raise the level of good cholesterol
called HDL-C, signifies an added benefit on top of
neuroprotection [30]. This is explained by the fact that
Moringa is able to stimulate the liver, as it is one of the
key organs when it comes to lipid metabolism. It is also
possible that the compounds in Moringa affect the major
enzymes involved in cholesterol synthesis and absorption.
This confirms earlier experiments that have demonstrated
that Moringa could potentially have hypolipidemic
activity, preventing metabolic syndrome.

Conclusions

The current research has concluded that ethanolic
extract of Moringa oleifera leaves at 300mg/kg of body
weight is effective and provides general protection against
systemic and neurotoxicity of aluminum chloride
(100 mg/kg) in male albino rats. Its protective power lies
in its superior antioxidant, anti-inflammatory and
anti-apoptotic effect, which has been achieved by the
preservation of liver functions, lipid balance and neuronal
integrity. Though these findings place Moringa extract on
the frontlines as a potential protective supplement, clinical
studies are critical as far as referring these findings down
to human health.
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