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Abstract
Pesticides are widely applied in the agriculture sector to protect crops and pest control. The poisonous substance of
pesticides will affect all of the organisms, either target and non-target organisms. Fish can play the role of an indicator
of genotoxic presence in aquatic environments. Polysaccharide extracts from sargassum have promising anti-genotoxic
potential. This study aimed to analyze the anti-genotoxic activity of brown seaweed (Sargassum polycystum) methanol
extract against erythrocyte and micronuclei of tilapia exposed by methomyl-base pesticide. Brown seaweed (Sargassum
sp.) purchased from farmers in Sumenep Regency, Madura, East Java, then macerated using methanol 1: 3 (w / v) for
3x24 hours at room temperature. The phytochemical screening was including flavonoids, alkaloids, triterpenes,
saponins, and tannins. Tilapia fish (TL £ 9-12cm) purchased from the Technical Application Unit of Freshwater Fish (UPT
Perikanan Air Tawar), Sumberpasir, Malang, East Java. The result of this study showed that exposure of methomyl-
based pesticides in the concentration of 4.015 ppm indicates the formation of micronuclei of 318.33 %.. The increased
concentration of extract treatment is directly proportional to the decrease of micronuclei. It means that sargassum
extract can reduce the genotoxic effect on exposed tilapia by methomyl-based pesticides. The best concentration of

Sargassum sp. extract that can reduce genotoxic was D (200 ppm).
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INTRODUCTION

Pesticides are widely applied in the
agriculture sector to protect crops and pest
control [1]. Methomyl (CsH10N20:S), S-methyl-1-
N- [(methyl carbamoyl)-oxy]-thioacetimidate, is a
carbamate pesticide which widely used in many
agricultural countries because of its high-
efficiency biological activity to control pest and
protect the crops [2,3]. Some pesticides aimed to
attack a specific group of the target, but its
poisonous substance will affect all of an
organism, either organism target and non-target
[4]. On another side, the specific concentration of
methomyl pesticides can cause acute poisoning,
even death of fish [5]. A study report that
methomyl pesticide caused a genotoxic effect
against fish [6].

Aquatic environments are the final sink for
many chemicals, including pesticides, and water
can serve as the vehicle for exposure to many
toxic agents [7]. Fish are the principal of aquatic
animals. They can be an excellent sample for
monitoring pesticide toxicity, such as methomyl
in aquatic systems. It is because they are
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susceptible to pollutants, they can metabolize
xenobiotics, and they relatively exhibit a very
high bioaccumulation rate of dissolved chemicals
[8-11].

The genotoxic effect is a change in the
function of gene expression that occurs due to a
bond between DNA and carcinogenic substances.
It leads to the appearance of physiological
changes in the body, such as chronic tissue
damage, changes in the body's immune system,
hormonal changes, or binding to proteins that
are repressive to specific genes [12]. To
overcome the genotoxic effects due to exposure
to a toxin, such as pesticides, is through the
administration of extracts that function as
antigenotoxic effects. Several studies report that
polysaccharide extracts from sargassum have
promising anti-genotoxic potential and anti-
mutagenic activity [13,14]. This study aimed to
analyze the anti-genotoxic activity of brown
seaweed (Sargassum polycystum) methanol
extract against erythrocyte and micronuclei of
tilapia, exposed by methomyl-base pesticide.

MATERIAL AND METHOD
Preparation of Seaweed Extract

Brown seaweed (Sargassum sp.) purchased
from farmers in Sumenep Regency, Madura, East
Java. The seaweed cleaned by using freshwater
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then shade-drying for four days. Dry seaweed
then ground until seaweed powder obtained.

Total of 500 g seaweed powder put into a jar,
then macerated using methanol 1: 3 (w / v) for
3x24 hours at room temperature, in three times
replication. The maceration solution is then
filtered using filter paper (Whatman no. 41), then
filtrate and residue obtained. The filtrate then
evaporated using a rotary evaporator vacuum at
40°C until a concentrated extract obtained then
calculated the percentage of yield.

Phytochemical Screening

Phytochemical screening, including
flavonoids, alkaloids, triterpenes, saponins, and
tannins, followed the published methods [15].

Determination of Flavonoids: seaweed
powder (1 g) was boiled with 10 mL of distilled
water for 5 minutes and filtered while it was hot.
A few drops of 20% sodium hydroxide solution
added to 1 mL of the cooled filtrate. A change to
a yellow color, in addition to acid, changed into a
colorless solution, that depicted the presence of
flavonoids [15].

Determination of alkaloids: the seaweed
powder (200 mg) boiled with 10 mL water and 10
mL of hydrochloric acid using a water bath.
Finally, it was filtered, and its pH adjusted to
about 6-7 with ammonia. The filtrate (1 mL), add
with a few drops of Mayer’s reagent (potassium
mercuric iodide solution). Besides, a 1 mL portion
was treated similarly with Wagner’s reagent
(solution of iodine in potassium iodide). Turbidity
or colored precipitation with either of these
reagents was taken as evidence for the presence
of alkaloids [15].

Determination of triterpenes: A total of 3 g of
seaweed powder placed into a test tube, then
add 10 mL of 50% alcohol, heated for 3 minutes
on a water bath. After that, cool at room
temperature  then filtered. The filtrate
evaporated in an evaporating dish. Petroleum
ether (5 mL) then added to the dish, stirred for 5
minutes. We added chloroform 10 mL and stirred
for about 5 minutes, then transferred into a test
tube, and 0.5 mg of anhydrous sodium sulfate
was added and shaken gently then filter. The
filtrate was then divided into two test tubes and
used for the following tests.

Liebermann-Burchard'’s reaction: To test tube
I, an equal volume of acetic anhydride added and
gently mixed. Then 1 mL of concentrated sulfuric
acid was added down the side of the tube. The
appearance of a brownish-red ring at the contact
zone of the two liquids and a greenish color in
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the separation layer indicates the presence of
sterols and triterpenes.

Salwoski’s test: To test tube I, 2 to 3 drops of
concentrated sulphuric acid was added to form a
lower layer. The reddish-brown color at the
interphase indicates the presence of a steroidal
ring [15].

Test for saponins: seaweed powder (1 mlL)
was diluted with distilled water to 20 mL and
shaken for 15 minutes in a graduated cylinder.
The development of stable foam suggests the
presence of saponins [15].

Test for tannins: Sample (1 g) was boiled with
20 ml distilled water for 5 min in a water bath
and filtered while it was hot. Then 1 ml of cool
filtrate was diluted to 5 ml with distilled water,
and a few drops (2,3) of 10% ferric chloride were
added and observed for the formation of
precipitates and any color change. A bluish-black
or brownish-green precipitate indicated the
presence of tannins [15].

Animal Preparation

Tilapia fish (TL £ 9-12cm) purchased from the
Technical Application Unit of Freshwater Fish
(UPT Perikanan Air Tawar), Sumberpasir, Malang,
East Java. Fish then acclimatized in the aquarium
based on published methods [6].

Pesticide Preparation

The methomyl-based pesticide purchased
from the agriculture market in Batu, East Java,
Indonesia, as Lannate 25 WP. The concentration
of methomyl-base pesticides in this study was
4.015 ppm base on a published report [6].

Treatment

Research phase 1: Prepare the aquarium
(60x30x30cm) labeled for control (without
treatment) and test (three replication each) then
refill with fresh water. Acclimated tilapia fish
then transferred into the prepared aquarium, ten
fishes each. Dissolve methomyl-based pesticide
that has been measured into each aquarium,
allow up to 2 x 24 hours then sampling the fish
blood in each aquarium.

Research phase 2: Prepare the aquarium
(60x30x30cm) labeled for test and control (three
replication each) then refill with fresh water.
Transfer the remaining fish gently from research
phase 1 into aquarium research phase 2 then
dissolve extract of sargassum (Negative Control,
25 ppm, 50 ppm, 100 ppm, 200 ppm, and positive
control) modified from the published
concentration [16], allow up to 2 x 24 hours then
sampling the fish blood in each aquarium.
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Data Collection
Total Erythrocyte Count

The tilapia anesthetized using a benzocaine
solution (1g.10L water). After immobilization,
around 2.0 mL of blood withdrew using
puncturing at the caudal peduncle, using syringes
and sterilized needles. One drop of the blood
sample smeared on object-glass, then air-dry and
stained using Rosenfeld’s procedure [17] for 10
minutes, so a blood sample preparation
obtained.  Erythrocyte  counts performed
according to a published method with an optical
microscope [18]. The results obtained were
subjected to analysis of variance. The F values
that indicated significant differences (P < 0.01)
were subjected to the Duncan test to compare
the means.

Micronuclei Assay

After 96 hours exposed by methomyl-based
pesticide, erythrocyte blood from each fish group
sampled and smeared on clean microscope
slides. After fixation in absolute methanol for
about 20 min, the slides air-dried and stained
with 10% of Giemsa for about 25 minutes. Six
slides of 1,000 erythrocytes that sampled from
each Tilapia (O. niloticus) scored [19], observed,
and coded by using a microscope (Olympus CX21)
with 400X magnification. It determined the
frequency of micronucleus cell and other
different patterns of morphologically altered
erythrocyte and then counted as cell per 1000
(%0) [20]. The micronucleus frequency then

counted base on Betancur formulation [21].
Micronuclei x 1000

Micronuclei frequency = Total Cell Counted
RESULT AND DISCUSSION
Extract yield

Quantification result of Sargassum extract
yield at repetition 1, 2, and 3 was 9%, 7.22%,
8.09%, respectively (Table 1). The yield is an
important parameter to determine the economic
value and effectiveness of an ingredient or
product. A yield is a percentage of the raw
material that can be utilized. The higher the yield
value of a material, the higher its economic value
as well as its utilization.

Table 1. Yield extract of Sargassum sp.

Repetitions Yield weights (Gram) Percentage (%)

1 8.,83 9.00%
2 7.22 7.22%
3 8.09 8.09 %

Sargassum sp. extract different from the yield
of S. filipendula extract with ethanol solvent in
the other that is 1.69 + 0.159% [22]. The use of
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methanol solvents was more effective in the
extraction of red algae Kappaphycus alvarezii and
Eucheuma denticullatum than ethanol, which had
a lower polarity level [23]. The difference in
extract yield depends on the natural conditions
of the sample, the extraction method, the
particle size of the sample, the conditions and
the extraction time, and the comparison of the
sample with the solvent [24].

Phytochemical screening

Phytochemical data shows the chemical
compositions in constituents of the sargassum
extracts. The results of the phytochemical
evaluation showed in Table 2. Phytochemical
testing is necessary because it aims to determine
the right type of secondary metabolic
components in various plants, such as Sargassum
sp. [25].

Table 2. Chemical compositions in Sargassum sp. extract

Constituents Result
Flavonoids +
Alkaloids -
Triterpenes +
Saponins +
Tannins +

The phytochemical screening on Sargassum
sp. showed the existence of compounds of
Flavonoids, Triterpenes, Saponins, and Tannins.
Alkaloids were absent in this seaweed. These
plants contain essential phytochemical
constituents and have various potential biological
activities [26]. Phytochemical results of the
current work revealed that these edible
seaweeds could be potential candidates in the
field of drug development.

Hematological Analysis Result
Total Erythrocyte Count

The erythrocyte count of healthy fish (positive
control) showed a mean value of 6.65 x 106.mm?3,
and the exposed fish by pesticide without extract
treatment (negative control) showed a mean
value of 1.67 x 105.mm™=3. The sargassum extract
treatment to exposed fishes by methomyl-based
pesticide with concentration A (25 ppm), B (50
ppm), C (100 ppm), and D (200 ppm) showed
mean value of total erythrocyte count as 1.67,
1.69, 3.00, and 5.30 x 10°.mm3, respectively. The
values mentioned in Figure 1 showed a significant
increase when compared to the negative control.

According to figure 1, treatments fed with the
algae extract exhibited significant increases in the
WBC count. The increased concentration of
extract treatment is directly proportional to the
increase of erythrocyte cells. The erythrocyte
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count is an essential indicator of the internal and
external environment of animals, where
exposure to chemical pollutants can induce
either increases or decreases in hematological
levels [27].

The use of immunostimulants such as algae
extract will be improving the immune system in
fish. The fish immune system reflects the role of
dietary supplements in boosting immunity
because of specific characteristics, including a
more efficient non-specific vs. specific immunity
compared to those of warm-blooded animals
[28]. Due to increased resistance of fish against
environmental stress and pathogens [29], the use
of immunostimulants is a widely examined
approach to increase production [30,31] in
intensive and ultra-intensive rearing conditions.
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Figure 1. The Total Erythrocyte Count of Tilapia

Micronuclei assay

The Micronuclei assay in fish erythrocyte is
widely used for genotoxicity assessment of
marine and freshwater organisms. The
frequencies of micronuclei formation at negative
control (exposed fish without extract treatment)
were significantly (p<0.05) higher than the
positive control (healthy fish) at treated groups.
The genotoxicity of pesticides on fish in the
present study was found in peripheral blood

erythrocytes [6]. The micronuclei test is a
sensitive assay to evaluate genotoxic compounds
present in fish [32]. Peripheral blood
erythrocytes (Fig. 2) of fish were for most of the
micronuclei surveys, that carried out in
peripheral blood erythrocytes of fish [33,34].

The micronuclei assay of tilapia fish during
the research shown in Figure 3. The exposure of
methomyl-based pesticide (control negative)
indicates the formation of micronuclei 318.33 %e..
The increased concentration of extract treatment
is directly proportional to the decrease of
micronuclei. It means that sargassum extract can
reduce the genotoxic effect on exposed tilapia by
methomyl-based pesticides. Marine algae extract
proved to be a powerful anti genotoxicant, which
is primarily due to the combined role of phenolics
and flavonoids [14].
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Figure 2. Micronuclei assay test in erythrocyte of tilapia

Dietary flavonoids have protective effects
against DNA damage induced by different
genotoxic agents. Flavonoids exert their
genoprotections by reducing oxidative stress and
modulation of enzymes responsible for bioactive
of genotoxic agents and detoxification of their
reactive metabolites [35]. Results showed that
the best concentration of Sargassum sp. extract
that can reduce genotoxic was D (200 ppm).

Figure 3. The micronuclei in erythrocyte cell (red arrows)
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CONCLUSION

The exposure of methomyl-based pesticides
in the concentration of 4.015 ppm indicates the
formation of micronuclei of 318.33 %.. The
increased concentration of extract treatment is
directly proportional to the decrease of
micronuclei. It means that sargassum extract can
reduce the genotoxic effect on exposed tilapia by
methomyl-based pesticides. The best
concentration of Sargassum sp. extract that can
reduce genotoxic was D (200 ppm).
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