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Antioxidants are substances needed by the body to neutralize
free radicals and prevent damage caused by free radicals.
Moringa leaves contain flavanoids, alkaloids, saponins and
tannins that are antioxidants because of their ability to
capture free radicals. This study aims to determine the effect
of moringa leaf fractions on spatial memory ability using the
Radial Arm Maze method, a decrease in malondialdehyde
levels and inhibition of damage to the number of
hippocampal pyramidal cells in CA1 & CA3 areas. Moringa
leaves were extracted using the maceration method with 70%
ethanol solvent. Then the ethanol extract of Moringa leaves
was fractionated using the liquid-liquid method with n-
hexane, ethyl acetate and water as solvents. Next, the mice
were subjected to induction treatment with lead acetate,
then observed for 21 days with the Radial Arm Maze, then
the mice underwent surgery and their brains were removed
for MDA level testing and histopathological observation. Data
were analyzed statistically using one-way ANOVA (p<0.05)
followed by Tukey's test. Based on the results obtained, the
ethyl acetate fraction, n-hexane fraction and water fraction
can influence the improvement of spatial memory by
reducing latency time and type B errors, reducing
malondialdehyde levels with TBARS and inhibiting damage
to CA1 and CA3 hippocampal pyramidal cells which are
characterized by pknotic neuron nuclei ( shriveled) dark solid
and vacuolized.
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1. Introduction

Dementia is a neurodegenerative syndrome characterized by progressive decline in
cognitive function, particularly memory, language, and executive function. Alzheimer's
disease (AD) is the most common form of dementia, accounting for approximately 60-70%
of cases globally [1]. In Indonesia, the prevalence of dementia is estimated to have reached
1.2 million cases in 2020 and is projected to increase to more than 3 million by 2050, in
line with the aging population [2]. This underscores the importance of efforts to prevent
cognitive impairment, including through the management of oxidative stress as one of the
key mechanisms of neurodegeneration.

One environmental risk factor contributing to cognitive decline is exposure to heavy
metals such as lead (Pb). Lead acetate can cause oxidative stress, lipid peroxidation,
protein damage, and increased ROS; all of which can lead to neuron death [3]. Due to Pb's
ability to accumulate in tissues, including the brain, the WHO classifies Pb as one of the
most dangerous environmental toxins [4]. Pb exposure is particularly harmful to the
central nervous system, especially during the developmental phase. It can also cause
memory impairment and neurogenesis difficulties [5], [6]. The hippocampus, which is an
important part of the spatial memory process, is damaged by Pb exposure, according to
research [7].

The hippocampus, particularly the CA1 and CA3 regions, is responsible for memory and
learning processes. While pyramidal cells in CA1 are highly sensitive to hypoxia,
pyramidal cells in CA3 are more sensitive to long-term and physical stress, which can
cause memory impairment and a decrease in the number of neurons [8]. In animal models
exposed to lead, spatial memory impairment is directly related to damage in both of these
areas [9].

Due to their low side effects and wide availability, plant antioxidants have become a major

focus. These antioxidants serve to neutralize free radicals and prevent cell damage [10].
Moringa leaves (Moringa oleifera), is one of the potential plants that contain flavonoids,
alkaloids, tannins, and saponins. More than ninety micronutrients and various
bioactivities are found in moringa. Antioxidant, anti-inflammatory, and neuroprotective
effects are among them [11]. As natural antioxidants, flavonoids aid in tissue regeneration,
improve cerebral perfusion, and increase BDNF levels, which are responsible for memory
[12]. Alkaloids and tannins can also capture free radicals and prevent lipid peroxidation
[13]. Conversely, saponins function as neuroprotective agents by enhancing cholinergic
transmission between neurons and improving vascular function [14].

Previous studies have shown that moringa leaf extract can improve memory deficits in Pb-
induced animal models [15]. However, not much research has been done on moringa leaf
fractions, which may have higher concentrations of active compounds. This study focuses
more on spatial memory parameters, malondialdehyde (MDA) levels, and hippocampal
pyramidal cell histopathology. Thus, the purpose of this study is to examine how moringa
leaf fractions affect spatial memory ability, MDA levels, and the number of CA1 and CA3
pyramidal cells in the hippocampus of mice induced with lead acetate.
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2. Method
2.1. Materials

The sample material used in this study was moringa leaf extract (Moringa oleifera Lam.)
obtained from the Tawangmangu area, Central Java, and the following reagents: 70%
ethanol, pellets (mouse food), Lead (II), 0.5% CMC, Ginkgo biloba, Dragendroff's reagent,
Mayer's reagent, Wagner's reagent, and concentrated sulfuric acid.

2.2. Tools

The tools used for maceration are 2L dark glass bottles, flannel cloth, a grinding machine,
a number 40 sieve, an Erlenmeyer flask, filter paper, a glass funnel, a test tube, a stirring
rod, a measuring cup, an evaporator, an oven, a Sterling-Bidwell, a mouse cage, animal
scales, a syringe, a mask, gloves, a stopwatch, and a Radial Arm Maze.

2.3. Moringa leaf extraction

Maceration is carried out by placing one part of dry powdered simplisia or 500 grams into
a macerator, then adding 10 parts of 70% ethanol solvent, totaling 5000 ml. It is soaked for
the first 6 hours while stirring repeatedly, then left to stand for 18 hours before the
macerate is filtered. The extraction process is repeated at least once with the same type of
solvent and a solvent volume equal to half the volume used in the first extraction, or 2500
ml. The collected macerate is then evaporated using a vacuum evaporator or low-pressure
evaporator until a concentrated extract is obtained.

2.4. Fractionation of moringa leaf extract

Twenty grams of ethanol extract from moringa leaves were dissolved in a small amount
of hot water, then partitioned with 100 ml of water and 100 ml of n-hexane solvent into a
separating funnel and repeated three times. The n-hexane filtrate was separated from the
water fraction, collected, and concentrated with a rotary evaporator at a heating
temperature of 50°C. The water fraction remaining from the n-hexane fraction was then
refracted with 100 ml of ethyl acetate solvent using a separating funnel. This process was
repeated three times. The ethyl fraction is separated from the water fraction and then
concentrated with a rotary evaporator at a temperature of 50°C. The remaining filtrate
from fractionation with ethyl acetate is the water fraction, which is then thickened with a
water bath until thick.

2.5. Test Animal Grouping

This study used 35 mice divided into 7 test groups, each consisting of 5 mice, as follows
group I was the positive control, group Il was the negative control with 0.5% CMC, group
III: positive control with Ginkgo biloba 9.75 mg/kg mouse body weight, group IV: moringa
leaf extract 420 mg/kg mouse body weight, group V: n-hexane fraction, group VI: ethyl
acetate fraction, group VII: water fraction.
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2.6. Memory Test Procedure using a radial arm maze

The mice were adapted to the food and environment for 7 days. After that, the mice were
adapted to the Radial Arm Maze apparatus for 5 consecutive days, where on the first day
the mice were placed in the center of the apparatus and adapted for 10 minutes, on the
second day the mice were placed in the center of the apparatus and adapted for 10 minutes
with bait placed alternately on the four arms at the front of the arms, On the third and
fourth days, the mice were placed in the center of the apparatus and adapted for 10
minutes, with food provided at the four arms alternately in the middle and at the ends of
the arms. On the fifth day, the mice were placed in the center of the apparatus and food
was provided at the four arms alternately at the ends of the arms. After the adaptation
process, each test group was given lead (II) acetate induction at 140 mg/kg BW (ip) once
for 7 days, followed by observation of latency time and % type B errors in entering the
Radial Arm Maze arm. Type B errors were defined as mice entering more than half the
length of the arm but not eating the bait. The following day, the mice were treated for 21
days according to the test animal distribution. To measure the memory function of all
mice, the latency time and error rate of mice entering the arm (type B error) were observed
for 10 minutes.

2.7. Malondialdehyde level test

After conducting memory tests, the cerebrum (large brain) was removed and divided into
two parts, namely the left cerebrum and right cerebrum, for malondialdehyde calculation
and hippocampal histopathological examination. To measure malondialdehyde levels, the
left cerebrum was fixed with 10% formalin to determine the lipid peroxide level. The
malondialdehyde level test used in this study was the thiobarbituric acid reactive
substance (TBARS) method. A total of 0.1 grams of brain was added to cold 0.9% Nacl. It
was centrifuged at a speed of 8000 rpm for 20 minutes. 0.1 ml of the homogenized brain
was added to 0.1 TCA, then 0.1 ml of TBA solution was added. The mixture was heated in
a water bath at 100°C for 20 minutes, cooled, centrifuged at 500 rpm for 10 minutes, and
the supernatant was collected and its absorbance measured. The mixture is then added
with water to a volume of 4.0 ml, heated at 95°C for 60 minutes, and cooled with water.

2.8. pyramidal cell calculation

Calculation of damaged hippocampal pyramidal cells in the CA1 and CA3 areas and
observation of hippocampal histopathology. The right cerebrum was fixed with 10%
formalin, then a histological preparation was made with hematoxylin eosin staining. The
finished preparation was then observed under a microscope with the aid of an Optilab
device with 400x magnification, which was connected to a computer. After obtaining the
pyramidal cells in the CA1 and CA3 areas, the microscope display was photographed. The
photos were processed using Adobe Photoshop CS4 until the pyramidal cells in the CA1
and CA3 areas were visible.

2.9. Data analysis

The data obtained were latency time, % error B, and MDA levels. Each data set was
statistically analyzed using the Shapiro-Wilk test to determine data normality and the
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Levene test to determine data homogeneity. If the data met the requirements, it was then
analyzed using a one-way ANOVA to determine whether there were differences in the
data. If differences were found, a Tukey Post Hoc test was then used to determine the
actual differences. If the data obtained is not normally distributed, the Kruskal-Wallis test,
Mann-Whitney test, or Wilcoxon test can be used.

3. Results and Discussion

3.1. Radial Arm Maze Test Results

Memory testing using the Radial Arm Maze method was conducted by calculating latency
time and type B error percentage during testing. Latency time was calculated based on the
time required for the test animal to find the bait provided. Type B error percentage was
calculated based on the test animal's error of entering more than the length of the arm but
not eating the bait provided. This study was conducted with 5 days of adaptation, 7 days
of lead (II) acetate induction, and 21 days of treatment, followed by observation of latency
time and percentage of type B errors [16].

Table 1. Latency Calculation
Average latency time (seconds)+SD

Treatment TO T1 T2a T2b T2c
I 53.8¢7.8 227.246.5 220.416.6 216.8%6.1 21816
I 52.248 213466 208.4+4 206.8+9.8 203453
11 52+7.8 228+5.7 243+4.8 254+10.1 260.8+12.4%
\Y% 52.649 2184838 215433 213.843.1 21242.3b
v 53+8.8 221.647.5 223848 219£10.8 208.6+6.6
VI 53.845.7 214.849.2 215.643.3 215.243.7 208.6+2"
VIl 52.6+9 217.6+9.6 22041.2 21743 21843aP
Description:
a : significantly different from normal control
b : significantly different from negative control
C . significantly different from positive control
T1 : Day 7 after induction with lead (II) acetate
T2a : Day 7 after administration of moringa leaf ethanol extract

T2b  : Day 14 after administration of moringa leaf ethanol extract
T2c  :Day 21 after administration of moringa leaf ethanol extract
| : normal control

11 : positive control

111 : negative control

\% : EEDK 420 mg/kg BW menccit
\Y : n-Hexane fraction

VI : ethyl acetate fraction

VII : water fraction

There were differences in latency times between each group of test animals (Table 1). All
treatment groups experienced an increase in latency time after being induced with lead
(IT) acetate at a dose of 100 mg/kg BW for 7 days, where lead (II) was intended to damage
the brain, thereby impairing memory function [17]. The next step was an SPSS test using
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Shapiro-Wilk, which produced a normally distributed value with p > 0.05. The results of
the statistical analysis of the TO-T1 data using a paired sample test yielded p<0.05, which
means that there was a significant difference in the data after lead (II) induction. This is in
line with the research objective, which expected mice to experience an increase in the
time taken to find the reward provided due to the damage caused by lead (II) acetate
induction.

The memory enhancement phase for the test animals was conducted over 21 days with a
latency parameter, which is the time required for mice to find food. On day 7 (T2a), the
negative control group showed no significant difference compared to the normal control,
positive control, 420 mg/kg BW extract, n-hexane fraction, ethyl acetate, or water fraction.
The Shapiro-Wilk test showed that the data were normally distributed (p>0.05), and the
One Way ANOVA test also showed no significant differences (p>0.05) after Pb(II) induction.
On day 14 (T2b), the negative control began to show significant differences compared to
all other treatment groups. The data remained normally distributed (Shapiro-Wilk
p>0.05), but the ANOVA results showed significant differences between groups after 14
days of lead exposure.

On day 21, the negative control group differed significantly from the positive control, 420
mg extract, ethyl acetate fraction, and normal control, while the n-hexane fraction and
water fraction differed from the positive control according to the Shapiro Wilk test (p >
0.05) and One Way ANOVA (p < 0.05). Exposure to Pb-acetate appeared to reduce
learning/memory ability, while positive control treatments (e.g., flavonoids) accelerated
the time to find the bait, possibly due to the antioxidant and neuroprotective effects of
flavonoids. Environmental factors and stress can also affect memory performance: recent
studies show that stress, especially if prolonged, can impair spatial memory in mice [18].

Table 2. Calculation of type B error %

Average % of errors B+SD

Treatment TO T1 T2a T2b T2c
I 12.5+14.2 25488 15104 258.8 15£10.4°
Il 15+10.4 22.548.8 2548.8 2548.8 27.5£10.4%
1l 15+10.4 25+10.4 12.5+8.8 10£6.8 00V
v 15£16.2 25¢12.5 15104 15£13.6 12.5412.5b
v 15+10.4 22.5+10.4 15410.4 2046.8 20+14.2x
VI 10£10.4 22.5+13.6 12.548.8 10£10.4 10£10.4°
VIl 12.5¢15.3 17.5414.2 15410.4 15£10.4 204111
Description:
a : significantly different from normal control
b : significantly different from negative control
C : significantly different from positive control
T1 : Day 7 after induction with lead (II) acetate
T2a : Day 7 after administration of moringa leaf ethanol extract
T2b  : Day 14 after administration of moringa leaf ethanol extract
T2c  :Day 21 after administration of moringa leaf ethanol extract
I : normal control
Il : positive control
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11 : negative control
\% : EEDK 420 mg/kg BW menccit

A% : n-Hexane fraction
VI : ethyl acetate fraction
VII : water fraction

Based on Table 2, it can be seen that after administration of Lead(II) acetate, on day 7 the
type B error rate in test animals increased. The paired t-test showed a significant difference
between the conditions before (TO) and after induction (T1) indicating a negative effect of
Pb on memory ability. Pb exposure can trigger neuronal apoptosis and damage to the
hippocampus, thereby adversely affecting learning and memory functions. For example,
studies show that Pb acetate causes degeneration of hippocampal pyramidal neurons,
decreased BDNF, increased apoptosis, and spatial memory deficits in rats [19].

On day 7 (T2a), all treatment groups showed no significant differences compared to the
control group, according to the Shapiro-Wilk test (>0.05) and One-Way ANOVA (>0.05).
On day 14 (T2b), although the negative control appeared to differ from the other groups,
the Shapiro-Wilk test remained >0.05 and the ANOVA >0.05, so the difference was not
statistically significant. On day 21, ANOVA showed a significant difference (<0.05). The
negative control was significantly different from the positive control, the 420 mg/kg
extract, the ethyl acetate fraction, and the normal control. The ethyl acetate fraction
showed comparable ability to the positive control, possibly due to its antioxidant flavonoid
content. Flavonoids can neutralize free radicals, increase blood flow through vasodilation,
and support BDNF regulation. These findings are in line with Susilowati et al. [20], who
reported that moringa leaf extract improved Pb-acetate-induced spatial memory in mice.

3.2. MDA level test results

Malondialdehyde (MDA) is a marker of oxidative stress as the end result of the lipid
peroxidation chain reaction. High MDA concentrations indicate oxidation processes in cell
membranes. Erythrocyte and plasma MDA levels have been used as markers of tissue
damage caused by free radicals. To date, MDA is the most widely studied marker and is
considered a good marker of in vivo lipid peroxidation in both humans and animals, being
significantly more accurate and stable than other compounds [21], [22].

Table 3. Mean + SD of malondialdehyde levels and percentage decrease in MDA

Group MDA Level % Reduction in MDA Level
Normal control 4.97+0.04" 69.4
Positive control 4.81+0.165% 70.4
Negative control 16.26+0.08 0
Extract 420 mg/kg BW mouse 6.84+0.07% 57.9
n-Hexane fraction 11.34£0.082> 30.2
Ethyl acetate fraction 4.86+0.03 ¢ 70
Water fraction 9.80+0.712 39.6

Description:
a. Different meaning from normal control
b. Different meaning from positive control
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c. Different meaning from negative control

Based on the results of the SPSS test, the distribution of malondialdehyde (MDA) levels in
the brains of mice was normal (p > 0.05), and data homogeneity was also met (p < 0.05).
ANOVA analysis showed significant differences between treatment groups (p < 0.05). The
graph shows that the average MDA levels in the positive control and ethyl acetate fraction
groups were much lower than in the negative control. The 420 mg/kg BW extract, n-
hexane fraction, and water fraction also showed a decrease in MDA levels compared to the
negative control, although the decrease was not as drastic as in the positive control [23].
The negative control had high MDA levels, which could be caused by the administration of
Pb-acetate, which triggers lipid peroxidation [24].

The percentage decrease in MDA levels showed that the positive control and ethyl acetate
fraction had the highest effect (~70%), followed by the 420 mg/kg BW extract (57%), the
water fraction (38.9%), and the n-hexane fraction (30.2%). The mechanism of MDA
reduction mainly stems from the activity of flavonoids, which are capable of capturing free
radicals by donating hydrogen ions, increasing the expression of endogenous antioxidant
genes, and inhibiting ROS-forming enzymes such as xanthine oxidase and NADPH oxidase.
Flavonoids also chelate Fe2* and Cu?*, thereby preventing free radical-producing redox
reactions [25], [26]. Alkaloid compounds also act as free radical scavengers and metal ion
chelators, thereby stopping the chain reaction of lipid peroxidation. Several alkaloids,
especially the indole group, show effective ability to bind hydroxyl radicals and prevent
cell damage due to oxidative stress [27].

Other studies have also shown that alkaloids have strong antioxidant activity by capturing
free radicals and neutralizing ROS [28]. Tannin compounds also play an important role, as
tannins can stabilize membrane lipids, inhibit lipid peroxidation, and chelate metal ions
such as Fe?*, thereby stopping the Fenton reaction and the formation of hydroxyl radicals
[29]. These interactions help maintain cellular homeostasis and protect membranes and
biomolecules such as lipids and DNA from oxidative damage [30]. In addition, saponins
have also been reported to have antioxidant activity and the potential to inhibit enzymes
such as a-glucosidase, although their direct mechanism of action on ROS or lipid
peroxidation has been less discussed. The presence of saponins as part of secondary
metabolites with antioxidant properties supports their protective role against oxidative
stress [31]. Thus, the presence of compounds such as alkaloids, tannins, and saponins in
plant extracts provides a protective mechanism against ROS through radical scavenging,
metal chelation, and inhibition of oxidative reactions, which may explain the decrease in
MDA levels and protection against lipid peroxidation and tissue damage.

3.3. Results of Calculations of the Number of Damaged Pyramidal Cells in the
Hippocampus in the CA1 and CA3 Areas

Data collection was performed by counting the number of damaged pyramidal cells in the
CA1 and CA3 areas. Normal pyramidal cells have large nuclei with clear nucleoli, while
damaged pyramidal cells are characterized by pyknotic, dense, darker-colored neuron
nuclei and vacuolization [32], [33]. Based on the results of the SPSS test of pyramidal cells
in the CA1 and CA3 areas using the Willcoxon test, P <0.05 was found, which means that
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the data showed a significant difference. The differences between each group occurred due
to the administration of lead Il acetate induction.

Table 4. MeanSD and percentage of inhibition of the number of damaged hippocampal
pyramidal cells in the CA1 and CA3 areas

Group Pyramidal cells Pyramidal cells % Inh_ibition of CA1 % lnhibition of CA3
of the CA1 area of the CA3 area pyramidal cell damage pyramidal cell damage

Normal control 18+3,09 17+3,09 46,8 48,04
Positive control 13%0,5% 100,47 60,24 69
Negative control 3346,122 33+8,65% 0 0

Extract 420 mg/kg BW mouse 19+1,88% 17+1,24% 42,8 49,8
n-Hexane fraction 26+6,644bc 20%1,24%¢ 21,4 39

Ethyl acetate fraction 14+2,05%¢ 12+0,94° 58,1 64,8

Water fraction 18+2,052b¢ 17+2,162¢ 39,7 489

Description:

a. Different meaning from normal control
b. Different meaning from positive control
c. Different meaning from negative control

Lead acetate (Pb) can disrupt brain function, including learning and memory processes,
through several mechanisms. Exposure to Pb reduces the activity of antioxidant enzymes
such as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and other defense
enzymes in the brain (hippocampus, cortex, cerebellum), thereby triggering oxidative
stress, apoptosis, and synaptic transmission disorders [34]. This condition can cause
neuron death, including pyramidal cells in the hippocampus (CA1 & CA3) area, which
ultimately impairs spatial memory and learning ability [19].

Based on the CA3 results in table 4, the positive control group, ethyl acetate fraction, n-
hexane fraction, water fraction, and 420 mg moringa leaf extract showed a significant
decrease in the percentage of damaged cells compared to the negative control. Exposure
to Pb-acetate is known to impair memory and learning, not only through oxidative stress
but also by reducing antioxidant enzymes, thereby damaging neurons in the hippocampus,
frontal cortex, and striatum [35]. Several recent studies have shown that Pb exposure
increases lipid peroxidation and reduces endogenous antioxidant capacity, accelerating
cell death and neuronal degeneration [36]. Then, based on the results in CA1 and CA3, each
treatment group had different abilities to repair hippocampal neurons, possibly due to
differences in the content of compounds such as flavonoids, alkaloids, tannins, and
saponins. Flavonoids, for example, have been widely reported to have neuroprotective
effects that help maintain synaptic plasticity, support neurogenesis, and reduce oxidative
stress and inflammation in the brain [37].

The main flavonoids found in moringa leaves are quercetin, kaempferol, and myrecetin
[38]. Quercetin has neuroprotective effects by inhibiting NO release through suppression
of iINOS activity and reducing excess glutamate in hippocampal neurons, thereby
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preventing cytotoxicity and apoptosis [39]. Quercetin also inhibits acetylcholinesterase
(AChE) activity, improves cognitive function, and reduces free radicals through its catechol
group activity, thereby suppressing nerve inflammation, oxidative stress, and DNA
damage. Kaempferol works by modulating neuroinflammation through inhibition of the
TLR4 and NF-xB pathways and suppressing the release of NO and TNF-o while enhancing
SIRT regulation, which plays a role in neuron protection. However, flavonoids are
lipophilic with limited BBB permeability; chemical modification or nanoparticle
technology has been shown to increase the bioavailability of flavonoids in
neurodegenerative brains [40].

Alkaloids also play a neuroprotective role. One of their components, niazimicin, has been
shown to reduce Ag burden in APP/PS1 mouse models and decrease MDA, cholinesterase,
NO, caspase-3, and iNOS [41]. AR accumulation is known to trigger synaptic dysfunction
and cognitive changes in dementia. Niazimicin even shows effects comparable to
donepezil in reducing Ag, brain MDA, ChE activity, and increasing GSH [42].

Tannins act as antioxidants through the activation of the Nrf2 pathway, which is important
in controlling oxidative stress and regulating transcription when cells experience stress
[43]. Inhibition of Nrf2 has been shown to improve cognitive impairment. Nrf2 also plays
a role in regulating apoptosis by increasing Bcl-2 expression, thereby providing
antiapoptotic and cytoprotective effects [44]. In addition, saponins are known to have
nerve stimulation effects and various bioactivities, including reducing Ap deposition,
inhibiting tau phosphorylation, antioxidants, antiapoptosis, and anti-inflammation. This
mechanism involves a decrease in APP formation, a decrease in ROS, inhibition of the
apoptosis-inflammation pathway, and an increase in neurotransmitters [45], [46], [47].
These activities enable saponins to repair cell damage caused by exposure to lead acetate.

Moringa leaves also contain p-sitosterol, which increases antioxidant enzymes through
the estrogen/PI3K pathway and increases glutathione levels as a free radical scavenger. -
sitosterol can inhibit lipid peroxidation by integrating into cell membranes, making it
beneficial in neurodegenerative disorders including dementia. This compound also
exhibits inhibitory activity against ChE, AChE, and BChE and improves working memory
and motor coordination. Additionally, g-sitosterol enhances neural stem cell proliferation
in the SVZ zone, supporting the neurogenesis process [48], [49], [50].

4. Conclusion

The conclusions drawn from this study include that moringa leaf fraction has the ability to
improve spatial memory, reduce brain MDA levels in lead acetate-induced dementia
model mice, and can influence the reduction of damage to hippocampal pyramidal cells in
CA1 and CA3 pyramidal cells.
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