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ABSTRACT

Intensification of tilapia (Oreochromis niloticus) farming
around agricultural land increases the risk of contamination
by the toxic and genotoxic pesticide methomyl, which can
trigger oxidative stress, and immune system disorders. The
use of natural materials with antioxidant potential, such as
kremah (Alternanthera sp.) leaf extract, is an alternative to
mitigate these effects. This study was conducted to evaluate
the effect of immersion in kremah leaf extract on the
leukocyte differential of tilapia exposed to methomyl. A
completely randomized design was applied, consisting of
four treatments with three replications, namely control, and
doses of 20, 30, and 40 ppm. The fish were exposed to 3.2
ppm methomyl for 96 hours and then immersed in the
extract for 14 days. The observed parameters comprised
leukocyte differential, clinical signs, and water quality, all of
which were analyzed using one-way ANOVA followed by an
LSD test (p < 0.05). The findings indicated that methomyl
exposure led to an increase in monocytes while reducing
lymphocyte levels. Immersed in 40 ppm extract for 14 days
provided the best results by decreasing monocytes (4.00%),
as well as increasing lymphocytes (82.00%) and hemoglobin
levels to near normal. It was concluded that kremah leaf
extract effectively mitigates oxidative stress and genetic
damage caused by methomyl, with an optimal dose of 40
ppm for 14 days.

INTRODUCTION

Tilapia (Oreochromis niloticus) is a freshwater aquaculture species of significant
economic importance, widely farmed because of its fast growth rate, adaptability to diverse
environmental conditions, and consistent market demand (Aziz & Barades, 2021). However,
intensive cultivation in close proximity to agricultural land increases the risk of water pollution
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from pesticide residues through water runoff. This condition can reduce the quality of the
cultivation environment and disrupt fish health (Nurhalisa et al., 2022).

One commonly used pesticide is methomyl, a carbamate insecticide that works by
inhibiting the enzyme acetylcholinesterase. Exposure to methomyl in aquatic organisms can
trigger physiological stress and increase the formation of Reactive Oxygen Species (ROS),
causing oxidative stress and cell damage (Lin et al., 2020). These effects can be observed
through changes in hematological parameters, particularly leukocyte differential and clinical
symptoms. Changes in leukocyte proportions reflect the immune response to stress or toxic
exposure (Ginting et al., 2021).

To minimize the effects of oxidative stress, the use of natural ingredients as antioxidants
is a potential alternative. Kremah leaves (Alternanthera sp.) are recognized for containing
bioactive compounds, including flavonoids and phenolics, which exhibit antioxidant
properties. These compounds work by neutralizing free radicals and inhibiting the formation
of ROS, thereby maintaining cell stability and supporting immune system function (Kristina &
Kristiani, 2021). Based on this rationale, the present study aims to evaluate the effect of
Kremah leaf extract administration on the modulation of differential leukocytes in tilapia
exposed to methomyl. It is anticipated that the findings will offer a scientific foundation for
the use of Kremah leaf extract as a natural antioxidant to alleviate oxidative and genotoxic
stress in tilapia aquaculture systems.

METHODS

Time and Place

The study was carried out between September 15 and November 13, 2025, at the Fish
Reproduction and Disease Laboratories, Faculty of Fisheries and Marine Sciences, Brawijaya
University, Malang.

Tools and Materials

The equipment utilized in this study included aquaria, aerators, air stones, aeration
hoses, plastic cups, brushes, digital scales, sieves, rulers, thermometers, pH meters, dissolved
oxygen (DO) meters, UV-Vis spectrophotometer, rotary evaporator, oven, blender,
microscope, glass slides, microtubes, 1 mL syringes, pipettes, analytical balance, and writing
tools.

The materials used in this research were freshwater, Kremah leaves (Alternanthera sp.),
ethanol 96%, methanol p.a., DPPH (2,2-diphenyl-1-picrylhydrazyl), methomyl pesticide, EDTA
solution, Giemsa stain, distilled water, fish (Oreochromis niloticus), commercial fish feed,
sponge, and tissue.

Research Design

The study employed an experimental approach using a completely randomized design,
consisting of four treatments with three replications. The treatments consisted of different
concentrations of Kremah leaf extract (Alternanthera sp.), namely control (0 ppm), 20 ppm,
30 ppm, and 40 ppm. The experimental fish were subjected to methomyl exposure to assess
the protective effect of the extract.

The observed parameters included differential leukocyte counts, clinical symptoms, and
water quality variables (temperature, pH, and dissolved oxygen). This experimental design was
implemented to evaluate the effectiveness of Kremah leaf extract in mitigating the toxic
effects of methomyl on fish health. The selection of extract concentrations refers to
preliminary toxicity testing (LCso) and previous studies indicating the potential of plant
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extracts as antioxidants and protective agents against pesticide exposure.
Research Procedure
Production of Kremah Leaf Extract

Kremah leaves are first sorted to separate impurities and parts of the plant other than
the leaves. After that, the leaves are dried in an oven at 45°C for 24 hours until the water
content is reduced. The dried leaves are then ground into powder and stored in a closed
container (Rumahombar et al., 2025). A total of 254 g of ground Kremah leaves are weighed,
then extracted with 2 L of 96% ethanol using the maceration method. The leaves are soaked
for 6 hours while being stirred occasionally, then left to stand for 18 hours. The filter residue
was re-macerated once using 1 L of solvent to optimize the yield of active compounds. All
macerates were subsequently pooled and concentrated using a rotary evaporator to yield a
thick Kremah leaf extract.
Blood Sampling

Blood samples were collected from the caudal vein using a 1 mL syringe pre-rinsed with
EDTA solution as an anticoagulant to prevent clotting. After the blood is collected, it is
transferred to a microtube containing EDTA. The sample is then gently homogenized to mix
evenly with the anticoagulant (Ambarwati et al., 2022). Blood sampling is performed
periodically on days 7, 11, 18, and 25 to observe changes in hematological parameters during
the study period.
Research Parameters
Differential Leukocyte Count

Leukocyte differential count is performed by observing blood smears. Blood smears are
made on glass slides and dried at room temperature, then fixed using 70% methanol for 5
minutes to preserve cell structure and increase dye absorption. After re-drying, the
preparations were stained with Giemsa solution for 20 minutes, then rinsed and allowed to
dry. The smear is then observed under a microscope at 400x magnification (Irwanti et al.,
2022). The count is performed until 100 leukocyte cells are reached, then the percentage of
each cell type is calculated using the following formula (Widyaningrum et al., 2017):

Leukocyt D (%) = leukocyte components (cells) 100
e v 100 leukocyte cells X

Clinical Symptoms

Clinical symptoms were carried out by visually monitoring fish behavior before, during,
and after exposure to the pollutant. Parameters such as movement patterns, feeding
response, body color, eye, fin, and scale condition, and mucus production were recorded to
assess physiological stress and early signs of toxic effects (Jamin & Erlangga, 2016).
Water Quality

Water quality parameters, including temperature, dissolved oxygen (DO), and pH, were
measured in accordance with SNI standards. Temperature is measured by immersing a
thermometer in the water for 2-5 minutes until the reading stabilizes. DO is measured after
initial calibration by immersing the probe in water until the reading stabilizes, then the results
are recorded and the device is rinsed again. The pH value is determined using a pH meter that
has been calibrated with a buffer solution, then the electrode is immersed in the sample until
it shows a stable reading before being recorded, and the device is cleaned after use (Marsaude
etal., 2023).
Data Analysis

The data obtained were statistically analyzed using a one-way analysis of variance
(ANOVA) test to determine the effect of treatment on the observed parameters. If there was
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a significant difference (p < 0.05), The Least Significant Difference (LSD) test was applied to
identify differences among treatments. Statistical analyses were conducted using SPSS
software, and the data are presented as mean + standard deviation.

RESULTS

Leukocyte Differential
Lymphocytes

The percentage of lymphocytes before treatment, 96 hours after methomyl exposure
and 7" and 14t day after extract administration can be seen in Figure 1 below.
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Figure 1. The Percentage of Lymphocytes
Monocytes

The percentage of monocytes before treatment, 96 hours after methomyl exposure and
7t and 14 day after extract administration can be seen in Figure 2 below.

©
24.00 0 o °
— 8.“ 8 ©
nang S 8
© Moo +l ~
18.00 S S 5 -
—_ +H = © ~N ©
X ™ - “8 2o —
w 3 m - — o m o o
= xc B =) + QN S w
> o m g9 - o o =9
S 2
8 12.00 Sg 3 S H o+ H o S
= H AR H © 8" IS
o [32] ~ o~ SN
s Q +H w8 ~ © ~ ooy
S o L <
n o+ 8
6.00 N I <
0.00
DO METHOMYL D7 EXTRACT D14 EXTRACT

OBSERVATION TIME
MK (Control) ™A (20 ppm) =B (30 ppm) C (40 ppm)

Figure 2. The Percentage of Monocytes
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Clinical Symptoms

Clinical symptoms of Oreochromis niloticus during the study included normal fish, 96
hours exposure to methomyl, 7 days immersion in extract, and 14 days immersion in extract
are showed in Figure 3.

(c) - (d)
Figure 3. Clinical Symptoms of Oreochromis niloticus During the Study: (A) Normal Fish, (B) 48
Hours Exposure to Methomyl, (C) 96 Hours Exposure to Methomyl, (D) 7 Days
Immersion in Extract, and (E) 14 Days Immersion in Extract

Water Quality
The results of the water quality measurements are shown in Figure 4, encompassing the
assessed parameters of temperature, pH, and dissolved oxygen (DO).
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Figure 4. Variations in Temperature, pH, and DO of Water in Each Treatment of Kremah Leaf
Extract
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DISCUSSION

Lymphocytes

In the initial phase (DO) (Figure 1), the lymphocyte percentage in tilapia ranged from
67.67% to 74.00%, remaining within the normal range of 60—-86% (Hastuti et al., 2024), with
no significant differences observed among groups (p > 0.05). This condition indicates that the
fish's immune system was stable and homogeneous before treatment, so that changes in the
next phase can be directly attributed to exposure to methomyl or administration of kremah
leaf extract. Lymphocytes comprise B cells and T cells that function in adaptive immunity; B
cells are responsible for producing antibodies to neutralize antigens, while T cells coordinate
immune responses and inhibit the proliferation of infected or damaged cells (Darwin et al.,
2021). After 96 hours of methomyl exposure, the percentage of lymphocytes decreased to
52.67-59.00% and differed significantly between groups (p<0.05), indicating a toxic stress
response. This decrease occurred because lymphocytes migrated to inflamed tissues, where
T cells and B cells worked to recognize antigens, regulate cellular responses, and produce
antibodies as part of the body's defense mechanism (Nurprilinda, 2024).

On day 7 (D7) after administration of the kremah leaf extract, the percentage of
lymphocytes increased in treatments A, B, and Cto 57.00—62.67%, while the control remained
low at 51.67%, with a significant difference (p<0.05). This increase indicates stimulation of the
adaptive immune system, where flavonoids, saponins, and phenolic compounds in the extract
promote lymphocyte proliferation, enhance T cell activity in coordinating immune responses,
and B cell activity in producing antibodies to counter toxins (Sipayung et al., 2023). On day 14
(D14), The lymphocyte percentage increased further to 71.33-82.00% in treatments A, B, and
C, returning to the normal range, whereas the control group remained low at 53.33%, showing
a significant difference (p < 0.05). This indicates the recovery and strengthening of the
adaptive immune system, where the bioactive compounds in the extract suppress oxidative
stress caused by methomyl, support lymphocyte proliferation, and enhance T cell
coordination and antibody production by B cells, thereby restoring immune system
homeostasis (Hastuti et al., 2024; Yuliana et al., 2021).

The linear regression results show a relationship between the treatment dose variable
and the percentage of tilapia lymphocytes, with the equation y = 4.117x + 55.54 and a
coefficient of determination R? = 0.9275. This means that an increase in the dose of kremah
leaf extract is followed by an increase in the percentage of lymphocytes. This is in line with
the increased antioxidant activity of the extract at higher concentrations, neutralizing free
radicals and suppressing the formation of Reactive Oxygen Species (ROS) due to methomyl
exposure, thereby reducing oxidative stress and stabilizing the physiological condition of the
fish. Under these conditions, lymphocytes as specific immune cells are more active, while the
role of nonspecific immune cells decreases. After maturing into immunocompetent cells,
lymphocytes are able to carry out optimal immunological responses (Darwin et al., 2021).
Monocytes

In the initial phase (DO) (Figure 2), the percentage of monocytes in tilapia ranged from
4.00% to 5.33%, remaining within the normal range of 3.9-5.9% (Hastuti et al., 2024), with no
significant differences observed among groups (p > 0.05). This condition indicates that the
fish's immune system was stable and homogeneous before treatment, so that subsequent
changes can be directly attributed to methomyl exposure or the administration of kremah leaf
extract. Monocytes act as phagocytic cells that are ready to migrate to tissues to deal with
foreign objects or damage, so their stability in the initial phase indicates the absence of
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significant immune stimulation (Wulandari et al., 2018). After 96 hours of methomyl exposure,
the percentage of monocytes increased to 14.67% and differed significantly between groups
(p<0.05), reflecting the activation of the nonspecific immune system. This increase occurred
because monocytes migrated from the blood to tissues experiencing stress or inflammation,
differentiated into macrophages, and performed phagocytosis as an initial defense response
to tissue damage caused by toxins (Toolingo et al., 2025; Yanuhar et al., 2022).

On day 7 (D7) after administration of the kremah leaf extract, the percentage of
monocytes in treatments A, B, and C decreased to 6.33—8.00%, while the control remained
high at 12.67%, with a significant difference (p<0.05). This decrease indicates the adaptation
and recovery process of the immune system, in which flavonoids and saponins in the extract
suppress oxidative stress and regulate cytokine activation, so that more monocytes migrate
to the tissue to perform phagocytic and regenerative functions. On day 14 (D14), monocyte
percentages in treatments A, B, and C decreased to 4.00—7.00%, approaching the normal
range, whereas the control group remained elevated at 11.67%, with significant differences
observed among groups (p < 0.05). This indicates a phase of recovery and adaptation of the
immune system, in which circulating monocytes in the blood are reduced because some have
migrated to repair tissues and perform defense functions, and kremah leaf extract through its
bioactive compounds supports the regulation of the distribution and activity of nonspecific
immune cells (Hastuti et al., 2024; Ginting et al., 2021).

The linear regression results show a relationship between the treatment dose and the
percentage of monocytes in tilapia, with the equation Y = —1.075x + 9.75 and a coefficient of
determination R2 = 0.757. This indicates that increasing doses of kremah leaf extract are
associated with a reduction in the percentage of circulating monocytes. Reduced oxidative
stress decreases tissue damage and inflammatory stimulation, thereby reducing the need for
monocyte mobilization into the blood. Physiologically, monocytes that migrate to tissues
differentiate into macrophages and perform phagocytosis, but in more stable tissue
conditions, the inflammatory response is not as intense, resulting in a decrease in the number
of monocytes in the blood. This decrease reflects the effectiveness of the extract's antioxidant
activity in reducing oxidative stress and stabilizing the immune system of tilapia (Darwin et al.,
2021).

Clinical Symptoms

In initial observations (Figure 3), the fish showed stable physiological conditions with
normal swimming activity, good feeding response, bright body color, clear eyes, and intact fins
and scales, indicating that the fish were healthy before treatment. After exposure to
methomyl for 48—96 hours, there were noticeable clinical changes due to toxic stress.
Methomyl, as a carbamate insecticide, inhibits the enzyme acetylcholinesterase, causing an
accumulation of acetylcholine, which disrupts nerve impulse transmission (Wispriyono et al.,
2013). Fish exhibited symptoms such as decreased activity, slow swimming at the bottom, loss
of response to feed, darkening of body color, fin damage, lesions, and increased mucus
secretion; excess mucus serves a protective function to minimize toxin contact and protect
tissues (Adharini et al., 2017).

After immersed in kremah leaf extract for 7 days, the fish began to show recovery with
more stable swimming movements, increased appetite, brighter body color, and fin regrowth
indicating regeneration (lza et al., 2017). By day 14, the fish had almost fully recovered, with
normal activity, restored body color, and more complete fin repair. This recovery is related to
the phenolic content, such as flavonoids and alkaloids, in the extract, which has anti-
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inflammatory effects, helping to reduce inflammation and support tissue regeneration
(Nirmala et al., 2022).
Water Quality

Based on measurements during the study (Figure 4), the water temperature ranged
from 25.0 to 27.8°C. During the 96-hour methomyl exposure phase, the temperature was
relatively stable at 25.0-25.3°C, while during the Kremah leaf extract immersion phase, there
was a slight increase, especially in treatment A, which reached 27.8°C. Treatments K, B, and C
tended to be in the range of 26.1-26.7°C. These slight temperature fluctuations were still
within the SNI 7550:2009 standard range of 25-32°C and were considered optimal for
supporting the metabolism, digestion, and physiological recovery of fish after methomyl
exposure (Koniyo, 2020). Prolonged low temperatures can reduce digestive enzyme activity
and blood flow, causing physiological stress in fish, but the research conditions showed
stability that supported recovery.

The pH value of the water was in the range of 6.31-7.52, relatively stable without
extreme fluctuations. During the 96-hour methomyl exposure phase, the pH was recorded at
7.35-7.52, while treatment K was at 6.45—6.75, A and C at 6.5-6.9, and B was the lowest at
6.31. Although one value was slightly below the optimal range, all parameters still supported
freshwater fish life according to SNI 7550:2009 (6.5-8.5) (Koniyo, 2020). pH stability is
important for maintaining metabolism, ion balance, and gill function; extreme fluctuations can
reduce growth, increase stress, and decrease survival (Sukendar et al., 2025). Overall, water
quality during the study remained supportive of fish physiological conditions and recovery
processes after treatment.

Dissolved oxygen (DO) values were recorded between 6.5-7.8 ppm, with the methomyl
exposure phase showing the highest values of 7.6—7.8 ppm. Treatment K had a DO of 7.1-7.3
ppm, A and C 6.7-7.0 ppm, and B the lowest at 6.5 ppm, but all values remained above the
safe threshold of >5 ppm according to SNI 7550:2009 (Indriati & Hafiludin, 2022). Stable DO
supports normal fish respiration, accelerates tissue recovery, and maintains immune response
during immersion in kremah leaf extract (Andriani & Nurinsani, 2025). Adequate DO values
prevent growth disorders and death due to oxygen deficiency (Astuti & Lismining, 2018).

CONCLUSION

Immersion in cream leaf extract affects differential white blood cells and clinical
symptoms in tilapia exposed to methomyl. The optimal dose of 40 ppm on day 14 reduced
monocytes (4.00%), but increased lymphocytes (82.00%), indicating physiological recovery
and optimal blood cell protection. These results indicate that the leaf extract at this
concentration effectively reduces oxidative stress caused by methomyl exposure, enhances
the antioxidant defense system, and supports the modulation of the tilapia's immune
response.
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