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Abstract

Avicennia marina has at least 36 types of flavonoid compounds that are potential anti-fertility agents. The study's objectives were to
obtain safe doses and assess the potential risks of using 4. marina extract. Toxicity testing was conducted on Wistar rats with doses
of 0, 250, 500, 1000, 2000, and 4000 mg/kg BW for leaf and fruit extracts. Observations were made to measure the level of
mortality and damage to important organs (liver, kidneys, and testes) both macroscopically and microscopically. Macroscopic
observation included identifying changes in shape, color, and size. Microscopic observation was done to observe organ damage
through histopathological tests. Results of the study show that the administration of A. marina extract, both leaf and fruit, resulted
in a 100 % survival rate at all doses given and the LDs, >8 g/kg BW. Both leaf and fruit extracts of A. marina also did not cause a
decrease in the size of the kidneys and testes, but at high doses, they potentially reduced liver size. These findings indicate that
using A. marina extract at recommended doses is safe. Both leaf and fruit extracts of 4. marina, at a dose of 250 mg/kg BW, did not
cause negative effects on the major organs (liver, kidneys, and testes) of mice. This finding suggests that using A. marina extract at
250 mg/kg BW is safe for long-term use. Administration of 4. marina extract at doses up to 500 mg/kg BW did not cause liver
damage in mice, but it potentially caused mild kidney damage. This finding indicates that leaf and fruit extracts of 4. marina still
have the potential to be used as drug candidates but with dosage regulation below 500 mg/kg BW. Administration of leaf and fruit
extracts at doses of 500, 1000, and 2000 mg/kg BW has been shown to reduce the fertility of mouse sperm cells by up to 30%. This
finding indicates that 4. marina has the potential to be a promising, safe herbal anti-fertility agent.
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1. INTRODUCTION microbial, anti-oxidant, anti-aging, anti-

inflammatory, anti-tumor, anti-tuberculosis, and

As a pioneering mangrove species, Avicennia

marina thrives in challenging environments,
tolerates high salinity, survives in extreme
temperatures, prolonges flooding and limited

nutrients, which drive essential physiological and
biochemical adaptations for survival [1]. These
adaptations include the synthesis of secondary
metabolites that not only support the plant in
enduring these stresses but also exhibit numerous
bioactive properties with potential health benefits

for humans [2]. A. marina contains diverse

bioactive compounds, including steroids,
naphthalenes, terpenoids, flavonoids,
phenylpropanoid glycosides, diterpenoid

glucosides, and iridoid glucosides, which have
demonstrated therapeutic effects such as anti-
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anti-atherosclerotic activities [3]-[5]. Particularly
noteworthy are the anti-fertility properties of
flavonoids, extensively studied as potential male
contraceptive agents [0].
Flavonoids have been shown to disrupt
spermatogenesis by inducing degeneration in the
seminiferous tubules and regression of Leydig cells,
leading to sperm production abnormalities [7].
These compounds act as anti-fertility agents
through both hormonal and cytotoxic mechanisms,
primarily by generating reactive oxygen species
(ROS) that damage sperm cell membranes,
contributing to male infertility [8]. ROS
accumulation also reduces steroid hormone activity,
spermatogenesis  [9].
Flavonoids stimulate the production of anti-fertility
enzymes, such as L-aspartate dehydrogenase and

which is crucial for

trans-hexaprenyltranstransferase, which inhibit key
pathways in steroid biosynthesis, making them
potential targets for anti-fertility drugs [10].
Additionally, flavonoids can induce teratogenic
effects by causing DNA fragmentation in somatic
cells [11].

Rodiani et al. reported that 4. marina harbors at
least 36 distinct flavonoid types across various
organs, with 13, 21, 13, 14, and 8 types identified in
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Figure 1. The photograph of Avicennia marina (a) leaves and (b) fruits.

respectively [6]. Notably, the fruit exhibits a rich
composition of flavonoids and essential vitamins,
minerals, and anti-oxidants, highlighting its
therapeutic potential. Leaves, though containing
fewer flavonoids than fruits and wood, possess
unique bioactive compounds and offer practical
advantages due to their ease of harvest and year-
round availability, making them primary candidates
for medicinal applications [12][13]. Furthermore,
phytochemical leaf extraction is simpler than other
plant organs [14]. The minimal impact of harvesting
leaves and fruits on plant survival further supports
their Consequently,  this
investigates the medicinal potential of 4. marina
fruit and leaf.

A. marina, with its high flavonoid content, holds

utilization. study

significant potential as an affordable, accessible anti
-fertility agent for underserved coastal communities
with limited access to basic medicines and health
facilities [6]. However, toxicity studies are essential
to ensure the safety of these herbal preparations
before they can be widely used in medicine. Even
for remedies with a long history of traditional use,
health safety should be confirmed with rigorous
scientific evidence. Insights into traditional plants
often guide the design of experimental toxicity
studies [14]. Ensuring the extract’s safety requires
confirming the absence of toxic compounds, as
toxicity in medicinal plants and herbal products
often arises from certain bioactive compounds [15].
Pre-clinical toxicology studies are mandatory in the
pharmaceutical industry, providing evidence of a
drug’s safety profile and identifying potential toxic

effects on specific organs [16][17].

Toxicity studies are typically performed on
animal models and extrapolated to human health,
although some qualitative and quantitative
differences may apply [18]. Previous research has
examined the toxicity of A. marina extracts in
various settings—such as freshwater shrimp media,
where LCsy values for ethyl acetate and methanol
extracts were 454 and 740 pg/mL, respectively
[19], and acute toxicity tests on rats, which
indicated that water extracts of A. marina fruit are
non-toxic and non-mutagenic, key toxicity data
remain unexplored [20]. Notably, the toxicological
profile of A. marina leaf extract on human gingival
fibroblast cells has shown cytotoxic effects,
suggesting that it may not be suitable as a
mouthwash ingredient [21].

The plant belongs to the Acanthaceae family and
is a pioneering mangrove species widely distributed
in tropical and subtropical coastal regions [22]. This
species thrives in intertidal habitats with high
salinity, intense solar radiation, and extreme
anaerobic  conditions, necessitating  specific
physiological and biochemical adaptations for
survival [23]. Morphologically, A. marina features
thick, waxy-coated leaves with small stomata and a
grayish-white undersurface, which helps minimize
water loss through transpiration [24]. Its extensive
aerial root system, known as pneumatophores,
assists in overcoming oxygen deficiency and
stabilizes the plant in the unstable muddy substrate,
allowing for its survival in waterlogged soils [23].
Physiologically, A. marina possesses salt-excreting
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glands on its leaves that help it manage high salinity
conditions, alongside the production of various
enzymes that facilitate photosynthesis under saline
stress. Additionally, it demonstrates a remarkable
ability to handle osmotic stress, endure anaerobic
conditions, and tolerate drastic fluctuations in tidal
movements [25]. Moreover, A. marina is known for
producing  bioactive  secondary  metabolites,
contributing to its medicinal potential and
ecological competitiveness [6].

However, no studies have yet assessed the acute
toxicity of ethanol 96% extracted from A. marina
leaf and fruit in Wistar rat models. This study seeks
to address this gap by investigating the acute
toxicity of these extracts in rats, aiming to
determine safe dosage levels and identify any
potential risks associated with the medicinal use of
A. marina. This research is vital for establishing a
scientific basis for the safe and effective therapeutic
use of A. marina, contributing novel insights into its
pharmacological potential.

2. MATERIALS AND METHODS

2.1. Chemical and Materials

The chemicals and materials used in this study
included 96% ethanol, fresh leaves and fruits of 4.
marina, male Mus musculus rats (strain DYY),

paraffin embedding equipment, and staining

reagents, specifically hematoxylin and eosin

(H&E), for histopathological analysis.

2.2. Preparation of Leaf and Fruit Samples of A.
marina

The leaves and fruits of A. marina were
collected from the Ketapang District in South
Lampung Regency. The selected samples must
meet specific criteria, including being intact, free
from pest or disease damage, mature (neither too
young nor too old), and vibrant green in color
(Figure 1). The samples were thoroughly washed
under running water to eliminate surface
contaminants. They were then dried in an oven at
80 °C until a constant weight was achieved.
Subsequently, the dried samples were ground into a
fine powder using a blender.

2.3. Maceration

The leaf and fruit powders of A. marina,
acquired from the earlier stage, were subjected to
48-h maceration using 96% ethanol as the solvent
[26]. The filtrate obtained thereafter underwent
filtration, while the residue underwent two further
maceration processes employing the same solvent
and procedure. Subsequently, the ethanolic extract
was concentrated using a rotary evaporator set at 70
°C and a water bath until a consistent weight was
attained.

2.4. Preparation of Test Animals and Approval
from the Animal Ethics Committee

The test animals used were 165 male mice (M
musculus) strain DYY, aged 8-12 weeks and
weighing approximately 30-50 g. Before treatment,

Table 1. Mortality of test animals in the administration of various doses of 4. marina extract treatment.

No Treatment (A.marina extract)

1 Control (Co)

2 Leaf extract 250mg/kg BW (D250)

3 Leaf extract 500mg/kg BW (D500)

4 Leaf extract 1,000 mg/kg BW (D1000)
5 Leaf extract 2,000 mg/kg BW (D2000)
6  Leafextract 4,000 mg/kg BW (D4000)
7 Fruit extract 250mg/kg BW (D250)

8 Fruit extract 500mg/kg BW (D500)

9 Fruit extract 1,000 mg/kg BW (D1000)
10 Fruit extract 2,000 mg/kg BW (D2000)
11 Fruit extract 4,000mg/kg BW (D4000)

Mortality rate (%)

S O O O O O o o o o o
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Table 2. The size of important organs (liver, kidney, and testes) of test mice as the impact of 4. marina

extract treatment.

No Treatment

1.  Control (Co)

2. Leafextract 250 mg/kg BW (D250)

3. Leafextract 500 mg/kg BW (D500)

4.  Leafextract 1,000 mg/kg BW (D1000)
5. Leaf extract 2,000 mg/kg BW (D2000)
6.  Leaf extract 4,000 mg/kg BW (D4000)
7. Fruit extract 250 mg/kg BW (D250)

8. Fruit extract 500 mg/kg BW (D500)

9.  Fruit extract 1,000 mg/kg BW (D1000)
10.  Fruit extract 2,000 mg/kg BW (D2000)
11.  Fruit extract 4,000 mg/kg BW (D4000)

Size of organs (cm’)

Liver Ren Testis
11.25 0.75 0.14
11.25 0.75 0.14
6.00 0.75 0.14
3.50 0.75 0.14
6.25 0.75 0.14
11.25 0.75 0.14
7.50 0.75 0.14
11.25 0.75 0.14
7.50 0.75 0.14
13.50 0.75 0.14
7.50 0.75 0.14

the mice were acclimatized as best as possible by
being placed at laboratory temperature, and the
toxicity testing of A. marina extract was conducted
in vivo for two weeks. Before commencing the
acute toxicity test, authorization was obtained from
the Animal Ethics Committee at the University of
Lampung, with reference number 141/UN.26/KE/
X/2024.

2.5. Acute Toxicity Test

The method used for acute toxicity tests refers to
Organization for Economic Co-Operation and
Development (OECD) guidelines for acute oral
toxicity testing [27]. The research was conducted at
room temperature (25 °C) with alternating dim and
bright light periods in 12-h intervals. 165 mice were
divided into 11 treatment groups, i.e., control (Co);
leaf extract 250 mg/kg BW (D250); leaf extract 500
mg/kg BW (D500); leaf extract 1,000 mg/kg BW
(D1000); leaf extract 2,000 mg/kg BW (D2000);
leaf extract 4,000 mg/kg BW (D4000); fruit extract
250 mg/kg BW (B250); fruit extract 500 mg/kg BW
(B500); fruit extract 1,000 mg/kg BW (B1000);
fruit extract 2,000 mg/kg BW (B2000); fruit extract
4,000 mgkg BW (B4000). Each treatment was
replicated three times, resulting in a total of 33
experimental Each experimental
consisted of five mice.

A limit test for single oral administration was
conducted, involving test mice that were fasted for
3—4 h before administration but had free access to

units. unit

water. Toxic effects were observed at 30 min, 4 h,
and then regularly (every 24 h) for 14 days
following administration. Food was provided 1-2 h
after administration.  Surviving mice were
monitored for toxic reactions, and their weights
were recorded until the study's conclusion. The
LDs, was calculated using the Acute Oral Toxicity
(AOT) 425 StatPgm software. After the experiment,
mice that survived until the end of observation were

euthanized for histopathological examination.

2.6. Observation

The things that must be observed in the
observation period are the number of animals that
experience toxic symptoms, such as changes in
animal behavior, and the number of animals that
died during the test. The observations were also
conducted on macroscopic and microscopic organs
(liver, kidneys, and testis). = Macroscopic
observation of organs is conducted by identifying
shape, color, and weight changes. Microscopic
observation of organs is done through
histopathological tests to analyze organ damage
from administering extracts from 4. marina leaves
and fruits. Sample organs are paraffinized for
observational purposes and then sectioned into
observation slides.

Examination of the histopathological structure of
the liver includes assessing the presence of cloudy
swelling degeneration up to hepatocyte necrosis in
five or more large field of view (LFOV) and
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observing the histological structure of hepatocytes
(liver cells), sinusoids, and liver lobules. Hepatic
toxicity is indicated by the presence of stages of
cloudy swelling degeneration up to hepatocyte
necrosis with the centrilobular liver. Hepatocyte
toxicity was categorized as score 0 if central vein
and trabeculae, sinusoids are regular/radial; score 1

if cloudy swelling degeneration in 5 or more LFOV;
score 2 if cloudy swelling degeneration and
necrosis/apoptosis bodies in 5 or more LFOV; and
score 3 if cloudy swelling degeneration and
bridging necrosis/interlobular.

Examining the histopathological structure of the
kidney includes assessing damage to the glomeruli

Table 3. Results of Microscopic Organ Damage Analysis Due to the Administration of A. marina Extract.

Forms of Organ Damage

S
No Treatment =
Liver
1. Control (Co) None (score 0)
2.  Leaf extract 250 mg/kg None (score 0)
BW (D250)
3. Leafextract 500 mg/kg None (score 0)
BW (D500)
4. Leafextract 1,000 mg/ degenerative cloudy
kg BW (D1000) swelling in 5 LFOV/more
(score 1)
5. Leafextract 2,000 mg/ there is damage in the
kg BW (D2000) form of degenerative
cloudy swelling and the
presence of body necrosis
in 5 LFOV/more (score 2)
6. Leafextract 4,000 mg/ there is damage in the
kg BW (D4000) form of degenerative
cloudy swelling and
bridging necrosis between
lobules in 5 LFOV/more
(score 3)
7. Fruit extract 250 mg/ none (score 0)
kg BW (D250)
8. Fruit extract 500 mg/ none (score 0)
kg BW (D500)
9.  Fruit extract 1,000 mg/ degenerative cloudy
kg BW (D1000) swelling in 5 LFOV/more
(score 1)
10.  Fruit extract 2,000 mg/  there is damage in the
kg BW (D2000) form of degenerative
cloudy swelling and the
presence of body necrosis
in 5 LFOV/more (score 2)
11.  Fruit extract 4,000 mg/ there is damage in the

kg BW (D4000)

form of degenerative
cloudy swelling and
bridging necrosis between
lobules in 5 LFOV/more
(score 2)

Ren

no glomerular damage
(score 0)

no glomerular damage
(score 0)

glomerular damage
25% in 10 LFOV/
glomeruli (mild level)

glomerular damage
50% in 10 LFOV/
glomeruli (mild level)

glomerular damage
70% in 10 LFOV/
glomeruli (mild level)

glomerular damage
70% in 10 LFOV/
glomeruli (mild level)

no glomerular damage
(score 0)

glomerular damage
25% in 10 LFOV/
glomeruli (mild level)

glomerular damage
50% in 10 LFOV/
glomeruli (mild level)

glomerular damage
70% in 10 LFOV/
glomeruli (mild level)

glomerular damage

70% in 10 large field of

view /glomeruli (mild
level)

Testis

normal
spermatozoa

normal
spermatozoa

immature sperm
30%

immature sperm
30%

immature sperm
30%

70% immature
sperm Leydig cell
prolifemiceion

normal
spermatozoa

immature sperm
30%

immature sperm
30%

immature sperm
30%

70% immature
sperm Leydig cell
prolifemiceion
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within 10 LFOV per glomerulus and observing the
histological structure of glomeruli, tubules, and
renal blood vessels. Kidney toxicity is indicated by
glomerular damage, namely capsule enlargement,
glomerular space narrowing, erythrocyte grains
(hemorrhage), cloudy swelling, and hemorrhagic
degeneration of tubules. Kidney organ toxicity was
categorized into normal if the damage is < 25%;
mild if the damage is 25% — 50% within 10 LFOV/
glomeruli; moderate if the damage is 50% — 75%
within 10 LFOV/glomeruli; and severe if damage >
75% within 10 LFOV/glomeruli.

The histopathological structure of the testis was
examined by observing the histological structure of
spermatogenesis (seminiferous tubules), germ cells,
Sertoli cells, and Leydig cells. The observation was
performed to measure the percentage of immature
sperm and the presence of Leydig cell proliferation.

3. RESULTS AND DISCUSSIONS

3.1. Test Animal Mortality

The administration of leaf and fruit extracts of 4.
marina to the test animals did not result in any
deaths within the first 24 h, even up to 2 weeks after
treatment. The LDs, of leaf and fruit A. marina
ethanol extract is pseudo or not the real LDsy >8 g/
kgBW and categorized as practically not toxic (5—
15 g/kgBW). However, changes in the behavior of
the test animals were observed, characterized by a
significant decrease in activity at doses of 2,000 and
4,000 mg/kg BW. These behavioral changes
persisted until the 4™ day after treatment. From the
5™ day onwards, the behavior of the test animals
gradually returned to normal, and until the end of
the observation period (14 days after treatment), a
100% survival rate was observed. The complete
level of mortality of the test animals in
administering various doses of 4. marina extract
treatment is presented in Table 1.

The results indicate that up to a dose of 4,000
mg/kg BW of test mice, leaf, and fruit extract of 4.
marina are non-toxic. Several researchers have
reported similar results. Ahmed et al., reported that
ethanol extracts of 4. Africana leaves up to a dose
of 5,000 mg/kg showed no toxic effects on test
animals [28]. Beula et al., reported that extracts of
A. marina leaves showed no toxic effects on albino
mice [29]. Xiu-mei et al., reported that the LDs, of

water extract from 4. marina fruit is greater than
10,000 mg/kg BW of test animals [30]. Ali and
Bashir reported that extracts from A. marina leaves
were non-toxic at a dose of 1 g/kg in test mice, but
at a dose of 4 g/kg, it caused weight loss and liver
size reduction [31].

The absence of mortality in test animals, even at
the highest dose (4,000 mg/kg BW), indicates that
the extract leaf and fruit of 4. marina are safe for
This finding
provides confidence that A. marina extract has a
sufficiently large safety margin. 49 bioactive
compounds based on GC-MS analysis using 96%
ethanol solvent, and its high safety margin indicates
that A. marina has great potential as a source of

humans at recommended doses.

medicine [6]. However, the mortality rate is just one
indicator to measure the safety level of a drug
candidate. To comprehensively understand the
toxicity effects of A. marina extract and to increase
confidence in its use, a more in-depth study of vital
organs vulnerable to long-term toxicity effects after
administration of the herbal extract is required.

3.2. Macroscopic Organ Damage

The observation results of macroscopic damage
to vital organs (liver, kidney, and testes) showed
inconsistency in liver size with the dose of
administration of both leaf and fruit extracts of 4.
marina. Generally, administration of A. marina leaf
extract decreased mice liver size at doses of 500,
1,000, and 2,000 mg/kg BW; however, the mice
liver at the dose of 4,000 mg/kg BW had the same
size as the control. Meanwhile, administration of 4.
marina fruit extract led to a decrease in mice liver
size at doses of 500, 1,000, and 4,000 mg/kg BW;
however, the liver weight of mice at the dose of
2,000 mg/kg BW was higher than the control.
Different results were shown regarding kidney and
testes size, where administration of A. marina
extract or fruit did not result in changes in the size
of these organs (Table 2).

The administration of A. marina extract has been
proven to result in hepatic atrophy in mice. This
finding contrasts with the report by Ahmed et al.
[28] and Beula et al. [29] that the administration of
A. africana and A. marina extracts did not affect the
size or weight of the mice's liver organs. Hepatic
atrophy in test mice due to 4. marina extract
administration may indicate toxicity; however,
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Table 4. Pathological changes and histopathological images
of test animals.

Treatment
Control (Co)

Leaf extract
250 mg/kg
BW (D250)

Leaf extract

500 mg/kg
BW (D500)

Leaf extract
1,000 mg/kg
BW (D1000)

Leaf extract
2,000 mg/kg
BW (D2000)

Leaf extract
4,000 mg/kg
BW (D4000)

Fruit extract
250 mg/kg
BW (D250)

Fruit extract

500 mg/kg
BW (D500)

Pathological changes

Normal
Presence of central vein and trabecula
Regular/radiating sinusoids

Presence of central vein and trabecula
Regular sinusoid/radier
Score 0

Presence of central vein and trabecula
Regular sinusoid/radier
Score 0

Presence of cloudy swelling degeneration in 5 or
more LFOV

Presence of inflammation

Scorel

Presence of cloudy swelling degeneration in 5 or
more LFOV

There is liver cell necrosis in 5 or more LFOV
Score 2

Presence of cloudy swelling degeneration in 5 or
more LFOV

Bridging interlobular necrosis

Score 3

Presence of central vein and trabecula
Sinuoid temiceur/radier
Score 0

Presence of central vein and trabecula
Sinuoid temiceur/radier
Score 0

of the effects of A. marina extract on the liver
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Table 4. Cont.

STreatment Pathological changes
Fruit extract e Presence of cloudy swelling degeneration in 5 or
1,000 mg/kg more LFOV
BW (D1000) e Presence of inflammation
e Score 1

Fruit extract .
2,000 mg/kg
BW (D2000)

more LFOV

e Score?2

Fruit extract .

4,000 mg/kg more LFOV
BW (D4000)  « Bridging interlobular necrosis
e Score 3

Presence of cloudy swelling degeneration in 5 or

There is liver cell necrosis in 5 or more LFOV

Presence of cloudy swelling degeneration in 5 or

further investigation is required to confirm this
suspicion. Hepatic atrophy can be a sign of the toxic
effects of A. Marina extract, where this occurrence
is caused by liver cell damage or other structural
changes resulting from exposure to bioactive
compounds that are toxic [32]. Hepatic atrophy can
also be a sign of a response to inflammation that
may occur due to the administration of 4. marina
extract. This inflammation may be caused by the
body's immune reaction to bioactive components in
the herbal extract or because of the direct effects of
these extract components [33]. Furthermore, hepatic
atrophy is also possible as part of an organ's
adaptive response to chronic exposure to A. marina
extract. Hepatic atrophy may be the body's attempt
to compensate for or overcome the negative effects
of the extract [32]. In contrast to various potential
negatives, hepatic atrophy can also signify the
positive effects of herbal extracts, such as reducing
liver fat or improving liver function [34]. It could
occur if the herbal extract has hepatoprotective
properties or can stimulate liver cell regeneration.
The administration of 4. marina extract did not
result in changes in the kidney size of mice. This
finding aligns with Ahmed et al. [28] and Beula et
al. [29], who reported that extracts of the
mangroves A. africana and A. marina did not affect
the kidney size in mice. This indicates that A.

marina extract is not highly toxic, as high toxicity
from herbal extracts can damage the structure and
function of the kidneys, potentially leading to a
reduction in organ size. Meneses et al. reported that
long-term use of certain herbal extracts significantly
causes kidney damage in mice, which is reflected in
a reduction in  kidney size  observed
histopathologically [35]. However, kidney size is
only one parameter in evaluating kidney health.
While changes in size can provide an early
indication of issues, a comprehensive assessment of
kidney health requires deeper The
histological structure of the kidneys needs to be
evaluated to detect microscopic damage to kidney
tissue. An herbal extract might not affect kidney
size but could still impact kidney function or
histological structure [36].

The administration of A. marina extract did not

analysis.

result in changes in the testis size of mice. This
finding aligns with reports by Ahmed et al. [28] and
Beula et al. [29], which indicated that extracts from
A. marina did not produce significant changes in
the testis size of mice. This suggests that the
compounds in A. marina extract do not have
sufficient affinity or toxic potential to affect the
testes significantly. Furthermore, the testes are
organs with good cell regeneration capabilities,
allowing any damage to testicular tissue to be
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Table 5. Pathological changes and histopathological images of the effects of A. marina extract on the renal

of test animals.

Treatment
Control (Co)

Leaf extract
250 mg/kg
BW (D250)

Leaf extract
500 mg/kg
BW (D500)

Leaf extract
1,000 mg/kg
BW (D1000)

Leaf extract
2,000 mg/kg
BW (D2000)

Leaf extract
4,000 mg/kg
BW (D4000)

Fruit extract
250 mg/kg
BW (D250)

Fruit extract
500 mg/kg
BW (D500)

Pathological changes

Normal

Normal glomeruli

Glomerular space narrowed

Tubules exhibit cloudy swelling degeneration, with
narrow lumens

25% damage within 10 LFOV/glomeruli

Mild stage

Glomerular space narrowed

tubules exhibit cloudy swelling degeneration, narrow
lumen, cell necrosis

50% damage within 10 LFOV/glomeruli
Modemicee stage

Glomerulus shows capsular enlargement
Glomerular space narrows

Tubules exhibit cloudy swelling degeneration,
narrow lumen, and cell necrosis

70% damage within 10 LFOV/glomeruli
Medium stage

Glomerulus shows capsular enlargement
Glomerular space narrows

Tubules exhibit cloudy swelling degeneration,
narrow lumen, and cell necrosis

70% damage within 10 LFOV/glomeruli
Medium stage

Normal glomeruli

Glomerular space narrows

Tubules exhibit cloudy swelling degeneration and
narrow lumen

25% damage within 10 LFOV/glomeruli

Mild stage

Histopathological images
P B L
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Table 5. Cont.

Treatment Pathological changes

Fruit extract ¢ Glomerular space narrows

1,000 mg/kg o Tubules exhibit cloudy swelling degeneon, narrow
BW (D1000) lumen

e 50% damage within 10 LFOV/glomeruli

e Medium stage

Fruit extract
2,000 mg/kg .
BW (D2000)

Glomerular space narrows

lumen, and cell necrosis

¢ 0% damage within 10 LFOV/glomeruli

e Medium stage

Fruit extract .
4,000 mg/kg .

Glomerular space narrows
BW (D4000)

narrow lumen, and cell necrosis

e 70% damage within 10 LFOV/glomeruli

e Medium stage

Glomerulus shows capsular enlargement.

Tubules exhibit cloudy swelling degeneration narrow

Glomerulus shows capsular enlargement

Tubules exhibit cloudy swelling degeneration,

Histopathological images

repaired through cellular regeneration. The testes
possess a high regeneration capacity, meaning that
even if minor damage occurs, the size and function
of the testes can be maintained through internal
repair mechanisms [36].

3.3. Microscopic Organ Damage

Generally, administering both leaf and fruit
extracts of A. marina at the exact dosage will have
the same impact on liver, kidney, and testis damage
in mice. The results of the microscopic organ
damage analysis due to the administration of A.
marina extract are presented in Table 3.

Table 3 shows that administering 4. marina
extract, both leaf and fruit, at a dose of 250 mg/ kg
BW does not cause any negative effects on key
organs (liver, kidneys, and testes) in mice. This
finding indicates that using 4. marina leaf and fruit
extracts as a beneficial herbal remedy at 250 mg/kg
BW can be considered safe for long-term use. As
Nalimu et al. noted, herbal extracts that do not
cause damage to vital organs such as the liver,
kidneys, and testes can be considered safer for long-
term use [37]. Based on these findings, 4. marina
leaves and fruits have the potential for the
development of herbal products. As stated by
Jitdreanu et al., herbal products that do not cause
side effects have the potential to be developed as
potent medicines [38]. This finding can also serve

as a scientific basis for developing dosage
guidelines for the use of 4. marina extracts as

herbal medicines and important health supplements.

3.3.1. Liver Damage

The results of toxicity analysis on the liver
showed that both leaf and fruit extracts of 4. marina
at the same dose have approximately similar
toxicity levels in the liver. Administration of A.
marina extract at doses up to 500 mg/kg BW did
not cause liver damage in mice. However,
administering higher doses resulted in pathological
changes such as cell necrosis, inflammation, and
fibrosis in the liver (Table 4). Furthermore,
administering plant extracts or chemical substances
as drugs also increased liver enzyme activity, such
as alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), as indicators of hepatocyte
damage.

Based on the histopathological analysis of the
test animals' liver, it is known that the dose of 500
mg/kg BW of leaf and fruit extracts is still
categorized as safe, as it does not cause liver
damage. This finding indicates that 4. marina
extract is safe to use at relatively high doses. The
leaves and fruits of 4. marina are very rich in
bioactive compounds, containing 21 and 13
compounds, respectively [6]. This finding paves the
way for utilizing these active compounds in the
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Table 6. Pathological changes and Histopathological images of the effects of A. marina extract on the testes

of test animals.

Treatment
Control (Co)

Leaf extract

250 mg/kg
BW (D250)

Leaf extract

500 mg/kg
BW (D500)

Leaf extract
1,000 mg/kg
BW (D1000)

Leaf extract
2,000 mg/kg
BW (D2000)

Leaf extract
4,000 mg/kg
BW (D4000)

Fruit extract
250 mg/kg
BW (D250)

Pathological changes
e Normal spermatogenesis
e Mature sperm

o Normal spermatogenesis
e Mature sperm

e Immature sperm 30%

e Immature sperm 30%

e Immature sperm 30%

e Immature sperm 70%
e Leydig cell proliferation

e Normal spermatogenesis
e Matur sperm

Histopathological images
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Table 6. Cont.

Treatment Pathological changes
Fruit extract e Immature sperm 30%
500 mg/kg

BW (D500)

Fruit extract .
1,000 mg/kg
BW (D1000)

Immature sperm 30%

Fruit extract .
2,000 mg/kg
BW (D2000)

Immature sperm 30%

Fruit extract .
4,000 mg/kg .
BW (D4000)

Mature sperm 70%
Leydig cell proliferation

Histopathological images
= v Qg |

treatment of various diseases or health supplements
with minimal side effects. As stated by Liwa and
Jaka, the minimal side effects of herbal ingredients
can open the door to using these extracts to treat
various diseases [39].

3.3.2. Renal Damage

The histopathological analysis of the kidneys
revealed that a 500 mg/kg BW of leaf and fruit
extracts of A. marina could cause mild renal
damage. This finding indicates that leaf and fruit
extracts of A. marina still have the potential to be
used as drug candidates but with dosage regulation
below 500 mgkg BW. The complete
histopathological depiction of the effects of A.
marina extract on the kidneys of test animals is
presented in Table 5.

Although the A. marina extract shows significant
therapeutic potential, renal damage at a dose of 500
mg/kg indicates the need for caution in its use.
Administering the plant extract above the safe
dosage threshold over the long term can lead to

acute tubular renal injury, necrosis, or chronic
interstitial nephritis in mice [39]. The findings
suggest that a dose of 500 mg/kg is at the safety
threshold for kidneys, necessitating a lower dosage
adjustment to ensure long-term safety [38]. The
finding also opens up opportunities for developing
alternative formulas or combinations of 4. marina
extract with other compounds that can neutralize or
reduce the toxic effects on the kidneys without
diminishing the therapeutic benefits of 4. marina
leaf and fruit extracts.

3.3.3. Testes Damages

Histopathological analysis of the testes can
provide insights into the structural and histological
changes that may occur due to exposure to herbal
compounds. This includes changes in the number
and morphology of spermatogenic cells, the
presence of Leydig cells, and signs of inflammation
or fibrosis in the testicular tissue. The research
showed that both leaf and fruit extracts of A. marina
at the same dose demonstrated similar effectiveness
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regarding sperm damage. The histopathological
images depicting the impact of A. marina extract on
the testes of test animals are presented in Table 6.

Leaf and fruit extracts of 4. marina have been
shown to reduce the fertility of mice sperm cells by
up to 30% at concentrations of 500, 1,000, and
2,000 mg /kg BW. The research results also indicate
that sperm motility increases with the dose of A.
marina extract administered. At a dose of 4,000 mg/
kg BW, sperm immaturity even reaches 70%. These
findings suggest that A. marina leaf and fruit
extracts have the potential to be promising herbal
anti-fertility agents. As stated, a significant decrease
in sperm count, sperm motility, or overall sperm
quality below the normal threshold indicates the
potential of anti-fertility agents [40].

The leaf and fruit extracts of A. marina have
been proven to possess properties as anti-fertility
agents. This finding scientifically confirms the
effectiveness of using 4. marina as a herbal anti-
fertility agent in the ethnopharmacological practices
of the Lampung Coastal community [41]. However,
administration of extracts at doses exceeding 500
mg/kg BW may cause moderate side effects of liver
and kidney damage. Therefore, it is essential to
develop alternative formulas or combinations of A.
marina leaf and fruit extracts with other compounds
that can neutralize or reduce the toxic effects on the
liver and kidneys without diminishing the anti-
fertility benefits. Antioxidants such as vitamin C, E,
or selenium combined with herbal extracts have
been suggested to counteract oxidative stress and
[42]. Additionally,
incorporating herbs with known hepatoprotective or
nephroprotective properties, such as milk thistle

reduce potential toxicity

(Silybum  marianum) or green tea (Camellia
sinensis), into herbal formulations can help
safeguard against liver or kidney damage [43]. By
synergizing herbal extracts with complementary
compounds, researchers aim to create safer and
more effective herbal remedies that offer
therapeutic benefits while minimizing the risk of
adverse reactions.

4. CONCLUSIONS

The administration of leaf and fruit extracts of 4.
marina to mice at doses of 250-4000 mg/kg BW
each resulted in a 100% survival rate. LDs, of leaf

and fruit A. marina ethanol extract is pseudo or not
the real LDsy, >8 g/kgBW and categorized as
practically not toxic (5-15 g/kgBW). Both leaf and
fruit extracts of A. marina also did not cause a
decrease in the size of the kidneys and testes, but at
high doses, they potentially reduced liver size.
These findings indicate that using 4. marina extract
at recommended doses is safe. Both leaf and fruit
extracts of A. marina, at a dose of 250 mg/kg BW,
did not cause adverse effects on mice's major
organs (liver, kidneys, and testes). This finding
suggests that using 4. marina extract at 250 mg/kg
BW is safe for long-term use. Administration of A.
marina extract at doses up to 500 mg/kg BW did
not cause liver damage in mice, but it potentially
caused mild kidney damage. The finding indicates
that leaf and fruit extracts of A. marina still have
the potential to be used as drug candidates but with
dosage regulation below 500 mg/kg BW.
Administration of leaf and fruit extracts at doses of
500, 1000, and 2000 mg/kg BW has been shown to
reduce the fertility of mouse sperm cells by up to
30%. This finding indicates that 4. marina has the
potential to be a promising herbal anti-fertility
agent. The of A extract at
recommended doses is safe for humans and can

use marina
potentially be used as an herbal anti-fertility agent
in the long term. Therefore, in vivo testing of A.
marina extract in test animals 1s needed to
determine the effectiveness of this herbal extract as

an anti-fertility agent for men.
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