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Noise is an environmental condition that we encounter in everyday life. The level of
noise varies in certain environments, such as work environments, traffic on highways, noise in
cafeterias, and others. This exposure can affect the coordination system in our body, such as the
cerebellum. Soursop leaf extract has been widely used in traditional medicine, the antioxidant
content in this extract has many health benefits. Soursop leaf extract (Annona muricata L.)
can be useful as an anti-inflammatory, providing protection to nerve cells from free radicals,
and other benefits. This study aims to test the effect of soursop leaf extract on neurons in the
cerebellum layer. The study was conducted at the experimental animal stage. The experimental
animals used were adult Wistar rats which were divided into 2 control groups and 1 treatment
group. Each group consisted of 15 Wistar rats. The treatment group was given ethanol extract
of soursop leaves before being exposed to noise. The results showed that there were significant
differences in the density of molecular layer nerve fibers, between K- and K+ groups (p=0.000)
and P (p=0.015), between K+ and P groups (p=0.015). There was a significant difference in
Purkinje cell degeneration in the control and treatment groups, between K- and K+ groups
(p=0.000) and P (p=0.003), between K+ and P groups (p=0.015). There was no significant
difference in granular cell degeneration in the control and treatment groups, between K- and
K+ groups (p=0.061) and P (p=0.838), between K+ and P (p=0.094), but the degeneration was
lighter in P than K+. The conclusion of this study is that soursop leaf extract provides protection
to neurons in the cerebellum from noise exposure.
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Soursop leaf extract is obtained from the
soursop plant (Annona muricata L.), this plant has
been widely used for traditional medicine and is
believed to have health benefits. Several studies
have previously been conducted on this extract,

showing its high antioxidant content and benefits
such as anticancer and anti-inflammatory.

This extract’s compounds such as
acetogenin, alkaloids and flavonoids can
significantly inhibit the growth of cancer cells
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. Soursop leaf extract also has significant
antimicrobial activity against pathogens 2. Its
benefits as an antioxidant and anti-inflammatory are
associated with its potential to protect neurons from
oxidative damage. Antioxidants are compounds
that can protect body cells from damage caused
by free radicals. Previous research has found
that soursop leaves contain various antioxidant
compounds, such as alkaloids, flavonoids, tannins
and phenolics °.

The human brain has a vital function in
the body. The brain functions to control the internal
environment and external responses of the human
body. One part of the brain is the cerebellum which
is responsible for motor coordination and balance.
Both the brain and cerebellum are susceptible to
external disturbances such as noise.

Noise is an environmental factor that is
often considered trivial, but can have an impact
on brain health. Previous research has shown that
prolonged exposure to noise can cause various
neurological problems. Noise can interfere with
cognitive function, increase stress levels, and
potentially increase the progression towards
neurodegenerative diseases *. The cerebellum can
also be negatively impacted by noise. Disorders
of the cerebellum can cause problems with human
motor coordination and balance. Previous research
shows that exposure to noise can disrupt the
process of motor learning and adaptation, which
is a function of the cerebellum °. Protection of the
brain may include cerebellar function. Chronic
inflammation and neuronal degeneration can have
a negative impact on the central nervous system
including the cerebellum %’.Compounds in this
extract such as flavonoids and acetogenin have
anti-inflammatory and anti-neurodegenerative
activities.

Most previous studies tend to focus only
on the effects of Annona muricata L. leaves extracts
in the context of general oxidative stress, or on
other organs, and few have examined its protection
of cerebellar neurons exposed to noise. This creates
a significant research gap regarding the use of
Annona muricata L. leaves extracts for nervous
system protection against adverse environmental
exposures, such as noise. To address this gap,
this study aimed to evaluate the neuroprotective
effects of Annona muricata L. extract on cerebellar
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neurons of adult Wistar rats exposed to noise. This
study is expected to provide a deeper understanding
of Annona muricata L. protection against noise-
induced neuronal damage, as well as enrich
the literature on antioxidant-based therapeutic
approaches to reduce the impact of oxidative stress
on the brain.

MATERIALS AND METHODS

Preparation and phytochemical analysis of
soursop leaves ethanol extract

Soursop leaf extract was obtained from
locations that met organic farming standards, and
the extraction process and phytochemical tests were
carried out at the Integrated Services Laboratory,
Faculty of Agricultural Technology, Universitas
Udayana. The selected leaves were then cleaned,
dried, and ground into powder using a grinder. The
simplicia powder is then subjected to an extraction
process using the maceration method and 96%
ethanol solvent.

Ethanol extract of soursop leaves were
analyzed to identify the main phytochemical
compounds, namely alkaloids, flavonoids,
tannins, phenols and other related compounds.
Phytochemical screening methods used include
testing with certain reagents, such as the Wagner
test for alkaloids, the Shinoda test for flavonoids,
and the ferric chloride test for tannins.

To evaluate the ability of soursop leaf
ethanol extract in reducing free radical compounds
(antioxidant capacity) IC, using the Ferric
Reducing Antioxidant Power (FRAP). To measure
the phytochemical content of phenols, flavonoids,
tannins, vitamin C, beta-carotene, tocopherol, and
saponins using the Colorimetric Method.
Extraction process of soursop

In this study, quantitative analysis of
phytochemical compounds including phenols,
flavonoids, tannins, vitamin C, tocopherols, and
beta-carotene was carried out, as well as evaluation
of the quality of saponins in Annona muricata L.
leaf extract. This procedure was carried out using
a colorimetric method that is appropriate for each
compound.

Sample Preparation

Annona muricata L. leaf simplicia to be

analyzed was prepared by extracting it with ethanol
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solvent. This process is carried out to ensure that
the desired phytochemical compounds are well
dissolved.

Quantitative Analysis with Colorimetric Method

After the extract is obtained, the quantity
of phytochemical compounds is measured using
various colorimetric methods, namely the phenol
content is measured using the Folin-Ciocalteu
method. Folin-Ciocalteu reagent is added to the
ethanol extract, then the absorbance is measured
to determine the phenol concentration. To measure
flavonoids, the aluminum chloride method is used,
where the extract is mixed with the reagent and the
color change is measured spectrophotometrically.
Tannin levels were determined using FeClf reagent,
where the extracts were mixed and the absorbance
was measured to determine the concentration of
tannins based on the formation of a color complex.
The DCPIP (dichlorophenolindophenol) method
was used to measure vitamin C levels, where the
extracts were tested with DCPIP reagent and the
change in absorbance was measured. Tocopherol
levels were measured using a colorimetric method
that is appropriate for assessing the concentration of
tocopherol in the extract. The spectrophotometric
method was used to measure the concentration
of beta-carotene by assessing the absorbance at a
certain wavelength. For saponins, quality testing
was carried out using the Schales method, namely
the ethanol extract solution was mixed with water
to check for foam formation. Saponins have the
ability to form stable foam. Observation of the
amount and stability of the foam will provide
an indication of the presence of saponins in the
sample.

Data Analysis

After all measurements were carried out,
data from the colorimetric method was analyzed to
calculate the concentration of each phytochemical
compound. The results of the saponin quality test
will also be recorded to provide an overview of the
presence of saponins in the extract.

The antioxidant potential (IC, ) of Annona
muricata L. leaf extract was measured using the
FRAP method, which is the concentration of extract
required to reduce 50% of free radical activity.
Sample Preparation

Preparation of ethanol extract of Annona
muricata L. leaves
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Preparation of FRAP Reagent

This reagent consists of a mixture of acetic
acid solution (pH 3.6), FeClf solution, and TPTZ
solution (2,4,6-tris(2-pyridyl)-s-triazine) in certain
proportions. This mixture is needed to assess the
reduction ability of the antioxidant compounds in
the extract.
Determination of Extract Concentration

Next, several different extract
concentrations were determined, namely 100,
200, 400, 600, 800, and 1000 ig/mL. These various
concentrations will be tested to determine the
antioxidant activity shown by the extract.
Reaction Process

For each concentration that has been
prepared, a certain amount of extract (for example
0.1 mL) is mixed with 2.9 mL of FRAP reagent
solution that has been prepared previously. The
mixture is then incubated at room temperature
for 30 minutes, allowing the reaction between the
compounds in the extract and the FRAP reagent to
occur optimally.
Absorbance Measurement

After the incubation process, the
absorbance of each mixture is measured using a
spectrophotometer at a wavelength of 593 nm.
This measurement is carried out to determine how
effective the extract is in reducing Fe’z to Fe’z,
which is indicated by changes in absorbance.
Determination of Antioxidant Activity

Antioxidant activity is calculated based
on the observed absorbance changes. The lower
the absorbance value measured, the higher the
reduction activity shown by the compounds in
the extract. Data from this measurement are very
important for further analysis.
IC,, Calculation

The absorbance data obtained from
each concentration are evaluated to create a
concentration versus percent activity curve.
The IC,, value was determined using regression
analysis, namely the concentration of extract
required to reduce free radical activity by 50%.
Animal study design and setting

This research was conducted on adult
Wistar rats (Rattus norvegicus) as experimental
animals. There were 45 experimental animals,
divided into 15 experimental animals in each of 2
control groups (K+ and K-) and 1 treatment group
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(P). Groups K+ and P were given noise exposure
of 95dB for 4 hours for 14 days. Group P was
given ethanol extract of soursop leaves at a dose
of 100mg/kg body weight before being exposed to
noise for 14 days. Meanwhile, the K+ group was
given distilled water.

Animal care and treatment

The research samples were all male
Wistar strain white rats (Ratfus norvegicus) aged
2-3 months, weighing 100-150 grams, kept at the
Integrated Laboratory of Universitas Udayana.
Animals are kept and cared for by giving them
food and water and keeping their cages clean.
Experimental animals were fed ad libitum, both on
a high-fat diet and a standard diet. Drinking is also
provided ad libitum, in the form of bottled water.
Experimental animals were kept in groups in cages
measuring 30x40x40 cm, which were made of wire
and had sufficient ventilation. Each cage contains 5
experimental animals, where each cage is given a
partition for each experimental animal. Every three
days the cage is cleaned of dirt and food waste.
Lighting is regulated with a cycle of 12 hours of
light and 12 hours of darkness (light cycle from 6
am to 6 pm) with a room temperature of 30 + 10C.
For 1 week the animals are tried to acclimate so
they get used to living in this environment. The
physical health of the test animal can be seen to
ensure the animal can make adjustments. Healthy
experimental animals can be seen from open and
clean eyes, smooth and shiny fur, active activity
and good appetite.

Groups K+ and P were exposed to a noise
stressor for 4 hours with a sound pressure level of
95 dB from Real-time analyzer software version
5.2.0 (Yoshimasa Electronic Inc., Japan) connected
to a loudspeaker (Sony SRS XB30, Japan) for 14
days on a drum soundproof measuring 100 x 100
cm. Group P was given Annona muricata leaf
extract 100mg/kg body weight orally once a day
before noise exposure. Several previous studies
have shown that a dose of Annona muricata L.
extract of 100 mg/kg body weight is effective in
providing health benefits, such as increasing HDL,
reducing various breast cancer markers, inhibiting
the growth of prostate tumors, and reducing blood
glucose and regenerating pancreatic beta cells
L8210 The acute toxicity of ethanol extract of
Annona muricata L. leaves is more than 2000 mg/
kg. Previous studies with mice showed this effect
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within 2 hours after administration and subsided
after 4 hours. The effects on the kidneys and liver
were mild and insignificant, indicating that this
extract is practically non-toxic ''2.
Rat dissection and brain organ removal

On day 15, the rats were sacrificed by
peritoneal injection of ketamine at a dose of 150
mg/kgbb and the brain organs were taken. Brain
organs were fixed in 10% buffered formalin
solution in plastic containers that had been labeled
according to the group and sample number of the
experimental animal. After 8 hours (maximum 24
hours), the brain organ is made into a histology
preparation using the paraffin method. Paraffin
blocks were cut with a rotary microtome with a
thickness of 4-5 im and attached to glass objects,
followed by hematoxylin and eosin staining.
Measurement of effects on neurons in the
cerebellum

After Hematoxylin and Eosin (HE)
staining, detailed cell morphology observations
were carried out using a microscope (magnification
40x). Detailed morphological observations include
identification of the layers of the cerebellum,
namely the molecular layer, the Purkinje layer
and the granular layer. In the molecular layer,
observations were made on the density of nerve
fibers (dendrites). Observations of Purkinje cells
and granular layer were carried out for signs of
degeneration in the cells.

RESULTS AND DISCUSSION

Phytochemical analysis of soursop leaf ethanol
extract

This extract is measured for its antioxidant
content per 100 grams. The contents measured were
phenols, flavonoids, tannins, beta-carotene, vitamin
C, tocopherol and saponins (shown in Table 1).

The results of measuring antioxidant
capacity showed very strong results, namely
antioxidant capacity of 24,228.60 milligrams of
gallic acid per liter of solution (24,228.60 mg/L
GAEAC). IC,  measurement results show moderate
effectiveness in inhibiting certain targets, namely
32.6230 ppm. In this study, various antioxidant
contents were found in the ethanol extract of
soursop leaves, namely phenols, flavonoids,
tannins, beta-carotene, vitamin C, tocopherol and
saponins.
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The ethanol extract of soursop leaves per
100 grams showed a very high phenol content. The
phenol content in other plants is generally 200-
1500 mg ". The ethanol extract of soursop leaves
per 100 grams also shows a very high flavonoid
content. The flavonoid content in other plants is
generally 50-300 mg '*'°. Tannins in the ethanol
extract of soursop leaves in this study were also
found in very high levels. In general, the tannin
content in plants is 50-3000 mg per 100 grams of
plant '“'¢17. The beta-carotene content was found to
be quite high in this study. Beta-carotene in other
vegetables and fruit is usually 0.4-10 mg per 100
grams '*!°. The results of this research show that the
vitamin C content in the ethanol extract of soursop
leaves shows extra-ordinary high results. In other
plants it is usually only 50-1677 mg per 100 grams
. The tocopherol content in soursop leaf extract
was also found to be extraordinarily high. In other
plants it is usually only 20-150 mg per 100 grams
212233 n this study, qualitative saponin content was
also found in soursop leaf extract.

Molecular layer morphology (outermost layer)

In the molecular layer, nerve fiber density
was assessed visually by comparing preparations
in the control and treatment groups. The scoring
system uses a value range of 0-3 with a value of 0
(normal) if the change that occurs is <25%, a value
of 1 (mild) if the change that occurs is 25-50%, a
value of 2 (moderate) if the change that occurs is
50-75%, and a value of 3 (severe) if the changes
that occur are > 75%.

In this study, a significant difference was
obtained in the density of nerve fibers (dendrites)
between the K- and K+ groups (p=0.000) and P
(p=0.015). In addition, a significant difference was
obtained between the K+ and P groups (p=0.015),
as seen in Figure 1 and 2, and Table 2.

In group K-, nerve fiber density was found
to appear normal to mild changes. In the K+ group,
there was a change in nerve fiber density from
mild to severe. While in the P group, the density
of nerve fibers was from normal to moderate, only
1 rat experienced a severe change in nerve fiber
density. In the K- group preparation, the molecular
layer of the cerebellum showed that the nerve fibers
appeared dense and neatly structured. In K+, there
was a decrease in the number of nerve fibers, with
areas that appeared emptier or “sparse”. In the P
group, the decrease in nerve fibers was not clearly
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visible, the nerve fibers appeared denser and more
neatly structured compared to the K+ group, as
seen in Figure 2.

Purkinje layer morphology (middle layer)

In the Purkinje layer, Purkinje cell
degeneration were assessed. The scoring system
uses a value range of 0-3 with a value of 0 (normal)
if the change that occurs is <25%, a value of 1
(mild) if the change that occurs is 25-50%, a value
of 2 (moderate) if the change that occurs is 50-75%,
and a value of 3 (severe) if the changes that occur
are > 75%.

To assess Purkinje cell degeneration, an
assessment is made on nuclear changes such as
karyorrhexis (nuclear fragmentation) or pyknosis
(nuclear shrinkage). In addition, an assessment is
made on signs of necrosis such as cell swelling, cell
membrane disintegration, cell content leakage, and
cells that appear blurry and less structured.

In this study, a significant difference was
obtained in Purkinje cell degeneration between
the K- and K+ groups (p=0.000) and P (p=0.003).
In addition, a significant difference was obtained
between the K+ and P groups (p=0.015), as seen
in Figure 3 and Table 3.

In the K- group, only four out of 15
rats experienced degeneration in Purkinje cells,
from mild to moderate. In the K+ group, most
samples experienced moderate to severe Purkinje
cell degeneration. In the P group, most samples
experienced mild to moderate stage, only two rats
experienced severe degeneration. The differences
in each group can be seen in Figure 2 and 4.
Granular layer morphology (innermost layer)

In the granular layer, granular cell
degeneration were assessed. The scoring system
uses a value range of 0-3 with a value of 0 (normal)
if the change that occurs is <25%, a value of 1
(mild) if the change that occurs is 25-50%, a value
of 2 (moderate) if the change that occurs is 50-75%,
and a value of 3 (severe) if the changes that occur
are > 75%.

Granular cell degeneration is assessed
by looking for signs of degeneration such as
karyorrhexis (nuclear fragmentation) or pyknosis
(nuclear shrinkage). In addition, an assessment is
made on signs of necrosis such as cell swelling, cell
membrane disintegration, cell content leakage, and
cells that appear blurry and less structured.

In this study, there was no significant
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difference in granular cell degeneration between
the K- and K+ groups (p=0.061) and P (p=0.838),
as well as between K+ and P (p=0.094) Figures 5
and Table 4.

In the K- group, only six out of 15 rats
experienced granular cell degeneration, from
mild to moderate. In the K+ group, most samples
experienced granular cell degeneration from
moderate to severe. In the P group, granular cell
degeneration occurred at a mild to moderate stage,
only two rats experienced severe degeneration. The
differences in each group can be seen in Figures 5
and ©.

This study showed that noise exposure
caused a decrease in nerve fiber density in the
K+ group. The group receiving soursop leaf

Table 1. Antioxidant content of soursop leaf
ethanol extract

Antioxidant content Quantity/Quality
(per 100 gram) (mg)
Phenols 4876,82
Flavonoids 847,23
Tannins 20822,09
Beta-carotene 4,1556
Vitamin C 30402,1
Tocopherol 39850,7
Saponins +
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extract (P) showed a non-significant decrease in
nerve fiber density compared to the group not
receiving the extract, which was seen from the
significant difference in the K+ and P groups in
nerve fiber density. The density of nerve fibers in
the molecular layer of the cerebellum indicates the
density or number of synaptic connections in the
layer, especially between granular cell axons and
Purkinje cell dendrites. The molecular layer serves
as a major signal integration area, where granular
cell nerve fibers meet Purkinje cell dendrites and
climbing fibers from the inferior olivary nucleus.
Higher density indicates increased synaptic
connectivity and neural activity in the process of
motor coordination and motor learning. However,
if the density of nerve fibers in this molecular
layer decreases, it indicates nerve damage or
degeneration, which is likely caused by exposure
to various factors such as oxidative stress, noise, or
other neurotoxic agents. This can lead to impaired
motor function and balance, because disrupted
synaptic connectivity will affect signal integration
in the cerebellum .

The results of this study also showed
more severe degeneration in Purkinje cells and
granular cells in the group that did not receive
soursop leaf extract. Degeneration of cerebellar
Purkinje cells indicates damage or loss of the main
cells responsible for regulating cerebellar output
and motor coordination. Purkinje cells are very
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Fig. 1. Density of nerve fibers in the molecular layer
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large neurons with extensively branched dendrites,
which receive input from granular cell fibers and
climbing fibers from the inferior olivary nucleus,
which control signals that exit the cerebellum to
other brain structures. If Purkinje cells degenerate,
it can cause disturbances in motor coordination
and balance, especially fine and coordinated

Fig. 2. The layers of the cerebellum, namely the
molecular layer (M), the Purkinje layer (P) and the
granular layer (G). a. Control group K-. b. Control

group K+, nerve fiber density decreases (orange

arrow). c. Treatment group P
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movements, decreased motor learning capacity
through plasticity mechanisms, and dysfunction
in signal processing and integration, because
Purkinje cells are the main signal receivers in
the cerebellum. Degeneration of Purkinje cells
can be caused by various conditions such as
exposure to toxins, oxidative stress, infections and
neurodegenerative diseases, and genetics 2?7,

Continuous noise exposure can trigger
oxidative stress. Oxidative stress is a condition in
which there is an imbalance between the production
of free radicals and the body’s ability to neutralize
them. This oxidative stress can damage cell
membranes, proteins, and DNA, which can then
affect nerve cell function. High noise can increase
free radical production. This contributes to nerve
cell death through apoptosis (programmed cell
death) and necrosis (unprogrammed cell death)
2, Cells in the cerebellum layer are particularly
susceptible to damage from oxidative stress.
Previous research on Wistar rats showed that
exposure to high levels of noise can cause
morphological damage to several brain areas,
which can lead to impaired motor coordination and
balance. ».

Excessive exposure to noise will cause the
body to respond by releasing stress hormones such
as cortisol and adrenaline. This process can increase
the production of free radicals, which are reactive
molecules that can damage cells. Free radicals are
atoms or molecules that have unpaired electrons,
making them highly reactive and can damage
cellular components. Increased free radicals
can occur through several mechanisms, such as
inflammation and mitochondrial dysfunction.
Increased stress hormones such as cortisol can
affect the immune system and increase the
production of pro-inflammatory cytokines. Immune
cells that are activated in the inflammatory process
can produce free radicals as part of the body’s
defense response .

Noise can also affect the function of
mitochondria, which act as the main source of
energy production in cells. When mitochondria
are compromised, they produce more free
radicals as a byproduct of energy metabolism.
Excessive ROS will disrupt mitochondrial function,
including ATP production and regulation of cell
metabolism 3!. Previous research in mice showed
that chronic inflammation due to noise can also
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Fig. 3. Purkinje cell degeneration

cause mitochondrial dysfunction. Mitochondrial
disorders can also reduce the activity of antioxidant
enzymes, such as superoxide dismutase (SOD).
With the reduction of these enzymes, the ability
of cells to neutralize ROS will decrease, thereby
increasing the accumulation of free radicals 2.
This study showed that rats that received
soursop leaf extract protection before being
exposed to noise experienced a smaller decrease
in nerve fiber density compared to rats that did
not receive extract protection. The degeneration
process in Purkinje cells and granular cells was
also lower in rats that received soursop leaf extract

Fig. 4. In the K+ group, the degeneration process in protection. This. protect.ion can be mediat.ed by
Purkinje cells is visible (orange arrow) phenols, flavonoids, tannins, beta-carotene, vitamin
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C, tocopherol, saponins contained in this soursop
leaf extract.

Soursop leaves are part of the soursop tree
plant (Annona muricata L.), growing in tropical
regions such as Southeast Asian countries. Soursop
leaves are widely used in traditional medicine by
the community. The contents of soursop leaf extract
such as alkaloids, phenols, flavonoids, tannins,
saponins and acetogenin provide health benefits
such as anticancer, antimicrobial, antioxidant and
anti-inflammatory '7-33:343536,

Phenol is a strong antioxidant and can
neutralize free radicals thereby reducing oxidative
stress in the body . Phenol can also reduce
inflammation in the body. Phenolic compounds

Fig. 6. In the K+ group, the degeneration process in
granular cells is visible (orange arrow)

Table 2. Density of nerve fibers in the molecular layer

Density of nerve fibers Frequency and percentage
in the molecular layer in each group

K- K+ P
0% 4 (26.7%) 0 (0%) 1 (6.6%)
25% 5 (33%) 0 (0%) 3 (20%)
50% 6 (40%) 4 (26.7%) 6 (40%)
75% 0 (0%) 4 (26.7%) 4(26.7%)
100% 0 (0%) 7 (46.7%) 1 (6.6%)

Table 3. Purkinje cell degeneration

Purkinje cell Frequency and percentage in each group
degeneration K- K+ P

0% 5(33%) 0 (0%) 0 (0%)
25% 5(33%) 0 (0%) 4 (26.7%)
50% 5(33%) 4 (26.7%) 6 (40%)
75% 0 (0%) 7 (46.7%) 3 (20%)
100% 0 (0%) 4 (26.7%) 2 (13%)

Table 4. Granular cell degeneration

Granular cell Frequency and percentage in each group
degeneration K- K+ P

0% 9 (60%) 4 (26.7%) 8 (53%)
25% 1 (6.6%) 2 (13%) 3 (20%)
50% 4 (26.7%) 5(33%) 2 (13%)
75% 1 (6.6%) 2 (13%) 0 (0%)

100% 0 (0%) 2 (13%) 2 (13%)
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are absorbed mainly in the small intestine, but
their bioavailability varies due to metabolism
by intestinal enzymes and gut microbiota. After
metabolism, they are excreted in the urine, and to
a lesser extent in the bile and feces ¥7.

Like phenols, flavonoids are also
compounds that have strong antioxidant properties
so they can neutralize free radicals and reduce
oxidative stress in the body. Flavonoids can also
inhibit enzymes and molecular pathways that
play a role in the inflammatory process '*!¢!7,
Flavonoids are metabolized in the liver and
intestine, with limited absorption in the small
intestine. Some flavonoids are further metabolized
by the gut microbiota to produce more absorbable
compounds. Flavonoids and their metabolites are
excreted primarily in the urine. Some flavonoids
are also excreted in the bile and excreted in the
feces .

The tannins contained in this extract also
have the same benefits as phenols and flavonoids
141617 Tannin compounds are large and complex in
size, so that little can be absorbed and most of them
undergo hydrolysis in the intestine by microbiota,
then producing simpler phenolic compounds that
can be absorbed. Excretion of metabolite products
from tannins is generally excreted through urine
and feces *’.

Beta-carotene also has strong antioxidant
capabilities so it can also protect the body from
oxidative stress *°. Beta-carotene is a precursor of
vitamin A and is absorbed in the small intestine
with the help of dietary fat. After being converted to
vitamin A in the liver, some beta-carotene is stored
in fat tissue. Beta-carotene is excreted mainly in the
feces, mainly in unabsorbed form, while vitamin A
is excreted in the urine *'.

Vitamin C is also a strong antioxidant
so it can protect cells from damage caused by
free radicals 2°. Vitamin C can be absorbed in
the small intestine through active transport and
passive diffusion. Its bioavailability is quite high
until it reaches saturation, after which its excretion
increases. Unused vitamin C is excreted in the
urine. Excretion of this vitamin can increase as
the concentration in plasma increases beyond the
body’s needs **.

Tocopherol provides health benefits
because it is also a strong antioxidant 2'2223,
Tocopherol (vitamin E) is fat-soluble and can
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be absorbed in the small intestine with dietary
fat, then transported in the lymphatic system.
The absorption process involves micelles and
lipoproteins. This vitamin is excreted mainly
through bile and then into the feces. A small portion
of the metabolite products of this vitamin can also
be excreted through urine 4.

Saponins are also beneficial for health.
Saponin also acts as an antioxidant and can inhibit
cancer proliferation and trigger apoptosis .
Lastly, saponins can reduce inflammation because
they can inhibit inflammatory mediators such as
prostaglandins and inflammatory cytokines .
Saponins are generally poorly absorbed due to their
large and complex molecules, but some types of
saponins can be hydrolyzed by intestinal enzymes
or microbiota into more easily absorbed aglycones.
Unabsorbed saponins and their metabolites are
excreted primarily through feces *'.

Based on previous research, it was found
that soursop leaf extract can help protect body cells
from oxidative damage caused by free radicals
due to the high phenolic content of this extract '7.
Previous in vitro research using lipopolysaccharide-
induced cells showed that soursop leaf extract also
had anti-inflammatory effects on macrophages
stimulated by lipopolysaccharide. This is supported
by the results of other literature studies '%>,

The antioxidant capacity of the ethanol
extract of soursop leaves is also very high. In other
plants, several hundred to 20,000 mg/L GAEAC
is usually obtained. This of course supports high
protection against free radicals which contribute
to aging and the development of various chronic
diseases. High antioxidant capacity can also reduce
the risk of heart disease, prevent cancer, and
strengthen immunity 4%-50-3152:33,

This research shows that the ethanol
extract of soursop leaves has a fairly good IC, . IC,
(Inhibitory Concentration 50) is a measurement
used as an indicator of the effectiveness of a
compound in inhibiting certain biological or
biochemical processes. Herbal studies show that if
a compound has an IC,  between 20-50 ppm (parts
per million) it is categorized as having moderate
to high antioxidant effectiveness. With an IC, of
32.6230 ppm, it shows that the compounds in this
extract have a good ability to inhibit free radicals
and help protect cells from oxidative damage.
Apart from that, it can help improve cell health
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by reducing oxidative stress and inflammation
which contribute to aging and various degenerative
diseases. It can be concluded that the compounds in
this extract have good antioxidant potential for use
in the formulation of antioxidant supplements, skin
care products, and drug development for diseases
related to oxidative stress 46533453,

Previous research shows that soursop leaf
extract has a protective effect against oxidative
damage to neurons *¢. Another study on rats that
experienced nerve injury due to radiation, also
found that soursop leaf extract could reduce
inflammation in the brain, which is the main risk
factor for neuron damage. This shows that soursop
leaf extract can maintain the integrity of neurons
in the brain, including the cerebellum 7.

Soursop leaf extract has neuroprotective
potential, because this extract contains bioactive
compounds that can protect neurons from oxidative
stress, including inflammation . Soursop leaf
extract has the ability to neutralize free radicals and
reduce inflammation at the cellular level, thereby
having a positive effect on the health of neurons,
including the cerebellum *.

The content of anonaceous acetogenins
can influence various cellular signaling pathways,
such as activation of the PI3K/Akt pathway
which plays an important role in the regulation
of cell survival, cell growth and metabolism.
Activation of this pathway will protect neurons
from apoptosis and oxidative stress *. Another
signaling pathway that can be influenced is by
modulating the NF-éB pathway involved in
inflammatory responses and cell survival. Apart
from that, the content of acetogenin, alkaloids and
annonaceous flavonoids contained in this extract
can also influence the Mitogen-Activated Protein
Kinase/Extracellular Signal-Regulated Kinase
(MAPK/ERK) pathway which plays a role in
cell proliferation, differentiation and response to
stress, so that contributes to neuroprotective effects
by reducing apoptosis and increasing neuronal
survival 60,

The flavonoid content such as quercetin
and kaempferol in soursop leaf extract has a
strong antioxidant effect so it can reduce oxidative
stress. Kaempferol can also inhibit NF-éB which
plays a role in inflammatory responses and
apoptosis. By inhibiting NF-EB activity, it will
reduce the expression of pro-inflammatory genes
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and cytokines, thereby reducing inflammation
and protecting neurons from damage due to
inflammation ¢'. The flavonoid mechanism for
reducing oxidative stress is by activating the Nrf2
pathway which is able to regulate the expression
of antioxidant enzymes 2. Research in mice shows
that flavonoids have neuroprotective abilities from
neurotoxins by increasing dopamine and serotonin
levels in the striatum, inhibiting oxidative stress,
and the response of astroglia .

Soursop leaf extract also contains
saponins which have anti-inflammatory and
antioxidant effects. Saponins can neutralize free
radicals, thereby helping protect neurons from
damage and apoptosis. Saponins are also able to
inhibit inflammatory pathways such as NF-éB
and reduce the production of pro-inflammatory
cytokines, thereby reducing inflammation in
neurons . Previous in vitro studies have shown
that saponins have neuroprotective effects on spinal
cord neurons *.

Beta-carotene is a type of carotenoid,
also contained in this extract. Beta-carotene
can neutralize free radicals and oxidative stress
in neurons, thereby preventing damage to cell
membranes, proteins and DNA in neurons. Beta-
carotene is also a precursor of vitamin A which is
important for the normal function of the nervous
system, where this vitamin plays a role in the
regulation of gene expression related to the growth
and development of neurons . Previous studies
in rats have shown that beta-carotene reduces the
progression of nerve injury through inhibition of
NF-¢éB activation ®.

The ability of soursop leaf extract to
provide neuroprotective effects can be linked to its
ability to penetrate the blood brain barrier (BBB).
However, research on the ability of soursop leaf
extract to penetrate the BBB is still limited. There
are several factors in this extract that can affect
its ability to penetrate the BBB, namely bioactive
components and molecular size. Smaller and
lipophilic compounds contained in the extract
such as acetogenins, flavonoids, tannins, and
phenols, have a more active transport mechanism,
so they are more likely to penetrate the BBB. In
addition, other factors such as compounds require
metabolism first to become smaller molecules to
be able to penetrate the BBB. This shows that not
all compounds in this extract are able to penetrate
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the BBB, but there is a mechanism of compounds
in this extract that can produce neuroprotective
effects without having to penetrate directly into the
BBB, namely its systemic effects through reducing
oxidative stress and inflammation throughout
the body, stimulation of signaling pathways in
the periphery that can affect brain function, and
through metabolites that can penetrate the BBB

68,69,70

CONCLUSION

Ethanol extract of soursop leaves can
provide neuroprotection against chronic noise
exposure. In this study, it was proven that the
content of ethanol extract of soursop leaves in the
form of phenols, flavonoids, tannins, beta-carotene,
vitamin C, tocopherol, and saponins with moderate
to high antioxidant effectiveness can provide
protection for neurons in the cerebellum of rats
exposed to noise.
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