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Abstract Aquaculture has been a rapidly growing industry in Malaysia, contributing to the country's
gross domestic product and enhancing food security and employment opportunities. Among the marine
species cultivated in Malaysia are sea bass, snapper, and grouper. Unfortunately, the marine parasitic
leech Zeylanicobdella arugamensis is posing a major threat to a wide variety of cultured marine fish
species, including grouper. Various veterinary drugs are used to control parasitic leeches, which are
toxic to fish and humans. So, the development of natural treatments from plants is vital. In response to
this, Senna alata, also known as the Ringworm bush, was selected. This study aims to evaluate the
antiparasitic activity of S. alata methanol extracts, its fractions and water extract against Z.
arugamensis. The adult and mature leeches were divided into control and treatment groups. The
methanol extract, its fractions (including hexane, chloroform, ethyl acetate, and butanol), and water
extracts of S. alata were obtained. Various concentrations (100, 50, 25 and 12.5 mg/ml) of the extracts
and fractions were prepared in 5% DMSO and concurrent notation of physico-chemical parameters.
Upon exposure, the behaviour and mortality time of the parasitic leeches were recorded. The exposure
to the extracts and fractions induced behavioural changes in the parasitic leeches, characterised by
aggressive and abnormal swimming patterns coupled with an inability to attach their suction to the
surface. Ultimately, complete mortality of parasitic leeches was obtained across extracts and fractions.
Overall, the aqueous extract proved to be the most effective, as it displayed the shortest mortality time
recorded among the extracts and fractions (2.38+0.15 to 33.08+3.52 minutes). Consequently, the study
highlights the antiparasitic potential of the extracts and fractions of S. alata against parasitic leech Z.
arugamensis infestation.
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Introduction

Aquaculture has been one of Malaysia's fastest-growing industries since the 1920s, contributing 8.9%
of the whole nation's gross domestic product [1]. It shows great promise as a means of guaranteeing
food security and promoting long-term development. With breakthroughs in genetic breeding
programmes and cutting-edge culture system technologies, the sector has made significant progress.
Notably, Malaysia has excellent management techniques and access to high-quality aquaculture feed,
as underlined by Fathi et al. (2018)[2]. Malaysia's aquaculture industry is seeing extraordinary
expansion. According to the Promotion of Sustainable Aquaculture in Malaysia 2021 study, the sector
has seen widespread participation from diverse regions, indicating consistent development efforts. In
1992, Malaysia provided only 7% of the national fish production[3]. However, by 2003, this percentage
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had nearly quadrupled to around 13%, indicating a healthy growth trend that is expected to continue.
Aquaculture production has increased dramatically over the years, rising from less than 80,000 metric
tons in 1992 to more than 427,000 metric tons in 2017, with a market value of MYR 3 billion. This
expansion not only demonstrates Malaysia's dedication to aquaculture but also highlights the country's
ability to meet the growing demand for seafood, which is being driven by an expanding population.
Aside from its critical function in maintaining food security, aquaculture contributes significantly to job
creation, commercial opportunities, and investment chances in Malaysia. The sector employed over
18,000 aquafarmers nationwide in 2017, managing a total farm area of more than 34,000 hectares.
Such statistics highlight the socioeconomic importance of aquaculture, establishing it as a significant
driver of Malaysia's agricultural landscape and economic prosperity [2,3]

Malaysia's aquaculture industry predominantly focuses on brackish water, but freshwater and marine
environments also host aquaculture activities. Among the variety of marine species cultivated in
Malaysia are sea bass, snapper and grouper [1,2,4,5]. Grouper possesses high market demand locally
and internationally, particularly in upscale restaurants during the festive seasons [6]. Aquaculture of
grouper can help reduce the strain on overfished populations, especially in the Asia-Pacific region [7].
Indonesia, along with Taiwan and mainland China, dominated worldwide grouper aquaculture
production, accounting for 11%, 17%, and 65%, respectively [8]. However, one of the difficulties
associated with the rearing of groupers is the infestation by the marine parasitic leech Zeylanicobdella
arugamensis, [9-11].

The Z. arugamensis species was first discovered in Sri Lanka, but, because of changes in the global
ecology, it is now widespread throughout the Indian Ocean. It was initially believed to have been
discovered in Malaysia, coming from the seahorse Hippocampus kuda and an unidentified cell species.
It has been observed that Z. arugamensis is one of the most harmful ectoparasites that affects a wide
variety of fish species and poses a significant risk to the aquaculture business. Within three days of
being infested, it will cause mortality in the host, followed by a secondary infection with dangerous
bacteria such as Vibrio agnolyticus [12]. Physically Z. arugamensis exhibits an elongated cylindrical
body shape with anterior and posterior sections. The anterior suction is larger than the posterior one.
The anterior section is distinguished by an oval-shaped sucker with a diameter of 0.3-0.4 mm and is
surrounded by a flower-shaped cuticle with little white cilia measuring 0.01 mm in length. Meanwhile,
there are five pairs of testes and a proboscis on the ventral side [13]. The marine parasitic leech
attaches to the eyes, mouth, fins, gills and body surface of the host (Figure 1)[9-11]

1cm

Figure 1. Marine parasitic leech-infesting hybrid grouper (Epinephelus fuscoguttatus x E. lanceolatus)
The parasitic leeches are attached to the fins, gills, mouth area, and body surface of the host

In aquaculture, veterinary medications are used for the prevention or treatment of diseases. However,
studies have found chemical parasiticide side effects, including buildup in fish tissues and negative
effects on the fish’s indigenous microflora. Aside from that, the buildup of antiparasitic and chemical
residues in water has influenced the ecosystem, particularly in aquaculture in open waters where
medications are difficult to control. These chemical residues in the environment may have deadly or
sublethal impacts on nontarget creatures. For example, when pesticides such as Neguvon and Nuvon
were employed to control sea lice (Lepeophtheirus salmonis) in salmon net-pen farming in Norway,
various crustaceans around the farms were affected [14]. A potential solution is the application of
natural products derived from plant extracts. This approach reduces reliance on toxic chemicals,
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promoting the production of organic food [15,16]. Herbal medications are emerging as an alternate
approach to aquaculture disease. Management. This herbal medicine offered its effectiveness as a
growth promoter, preventive and therapeutic agent, and immune system modulator. The efficacy of the
herbal plant emerges from the secondary metabolites, including saponins, alkaloids, tannins,
phenolics, polyphenoals, lignins, glycosides, polypeptides, etc [17,18]. In the current study, we focus on
Senna alata, also known as Candle bush or Ringworm bush (Figure 2). This herbal plant belongs to
the family Leguminosae. Indigenous to the Philippines, Sri Lanka, Malaysia, etc. The extracts and
isolated pure compounds of the plant have been found to have a variety of bioactivities such as
antioxidant, antimicrobial, antiviral, antimalarial, antiparasitic, etc. This could be due to the presence of
different metabolites, including alkaloids, flavonoids, phenolics, tannins, terpenes, anthraquinones,
steroids, quinones, saponins, reducing sugars, and volatile oils [19].

Figure 2. Senna alata or Ringworm bush (Leguminosae) leaves are paripinnate, asymmetrically
triangular, and persistent, with 25-75 cm long rachis and oblong, asymmetrically rounded leaflets

Materials and Methods

Sample Collection

The fresh leaves of the plant were collected in September 2023 from Kampung Piasau, Membakut,
Sabah (5° 28' 41.88"N, 115° 46' 5.28"E). The necessary permits for sample collection in Sabah were
obtained from the Sabah Biodiversity Centre (SaBC) (License No.: JKM/MBS.1000-2/13 JLD. 2 (32).
The species was identified by expert Johnny Gisil at the Institute of Tropical and Biological
Conservation, University Malaysia Sabah, and specimen voucher no (BORH 5582) was obtained.

Extraction

The leaves of the plant were rinsed with tap water to remove any parasites, fungus, and decayed
materials and dried at room temperature. The dried leaves were ground into a fine powder using a
heavy-duty grinder. About 60 g of dry powdered leaves were dissolved in 100% HPLC-grade methanol
with a ratio of 1:5 ratio (w/v) powder methanol. After mixing, the solution was put inside the incubator
shaker for 48 hours at room temperature. Mesh and Whatman filter paper were used to filter the extract
to remove suspended particles. The methanol residue was removed using a vacuum rotary evaporator.
The samples were kept at -80 °C for 24 h and then lyophilized using a freeze drier. The freeze-dried
samples were then stored in the freezer for further analysis [20].

Fractionation

The dried methanol crude extract was further fractionated with water and various solvents (ratio 1:10
w/v) such as n-hexane, chloroform, ethyl acetate, and butanol in a separatory funnel with increasing
order of polarity. The resulting mixture was shaken and allowed to settle. The solvent residue was
removed using a vacuum rotary evaporator. The samples were kept at -80 °C for 24 hours and then
lyophilized using a freeze dryer. The freeze-dried samples were then stored in the freezer for further
analysis [21].
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Aqueous Extraction

Using a stirring hot plate, about 60 g of dry plant powder was boiled for 10 minutes with distilled water at
a 1:10 ratio (w/v). The decoctions were removed and left to cool at room temperature for one hour. The
extracts were then filtered using a sieve to remove coarse residues before being filtered again with the
Whatman No. 1 paper. After 24 hours at -80°C, the filtrate was lyophilized with a freeze drier.

Extraction Yield
The extraction yield which involves the weight of extract obtained and the weight of dried powder was
calculated by using Equation 1 below

Weight of the extract obtained
ght of the ext x 100% (1)
Weight of dried powder

Marine Parasitic Leech Collection

The marine parasite leeches, Z. arugamensis, were collected from Borneo Marine Research Institute,
Universiti Malaysia Sabah aquaculture facilities. The parasitic leech-infested hybrid grouper
(Epinephelus fuscoguttatus x Epinephelus lanceolatus) weighs about 250 to 350 g with a diameter of
15-25 cm. The fish was taken out of the cage, put into a small seawater tank, and the leeches were
removed by hand (Figure 1). The gathered leeches were transferred to another container.

Antiparasitic Bioassay

In the current study, a total of 405 healthy and mature parasitic leeches (Z. arugamensis) were selected.
The leeches were divided into 27 groups, with 5 leeches per group. Group 1 served as a negative control
and received seawater treatment only. Groups 2 and 3 served as positive controls and received 0.25%
v/v formalin and freshwater treatment, respectively. Groups 4 to 27 were exposed to 4 different
concentrations (100, 50, 25, and 12.5 mg/ml) of methanol extract, its fractions (hexane, chloroform, ethyl
acetate, and butanol), and the aqueous extract prepared. The highest concentration of the methanol
extract and fraction was prepared by dissolving them in a solution containing 5% DMSO (dimethyl
sulfoxide) prepared in seawater. Meanwhile, the aqueous extract was dissolved solely in seawater.
Following exposure, the control and treated parasitic leeches were observed for more than 3 hours in a
petri dish [20]. The experiment was done in triplicate to ensure the accuracy and reliability of the results.

The Behaviour of Parasitic Leeches and Mortality Time

The behaviour of the parasitic leech was monitored in the control and extract-treated groups. Which
include swimming patterns, body movement, and suction attachment to the surface. In addition, the
mortality time of parasitic leeches was monitored using a stopwatch. Once the parasitic leeches ceased
movement, they were physically poked to confirm their lack of responsiveness. if there was no movement
observed, they were transferred back to the seawater and monitored for some time to confirm their
deaths. Leeches that displayed no movement during the observation period were considered dead [22].

Physico-Chemical Parameters

The water quality parameters of the control and treated solutions were assessed. The temperature and
pH levels were determined using a pH meter, while the dissolved oxygen (DO) content was measured
using a D.O. meter (Eutech DO 2700 Meter, Thermo Fisher Scientific, America). Additionally, the salinity
level was determined using a refractometer (Handheld Aquarium ATC Refractometer, RCYAGO, China).

Statistical Analysis

The IBM SPSS Statistics 29.0 software was used to analyse the data. The Kruskal-Wallis’s test and
Dunnett T3 multiple comparison tests were used to determine significant differences between groups
exposed to various concentrations of extracts and fractions. The data were shown as mean + standard
deviation. A p-value < 0.05 indicated a significant result.

Results and Discussion

This investigation into evaluating the antiparasitic potential of the leaves of S. alata methanol
extract, along with its fractions and water extract, involved multiple analyses. Initially, the
percentage yield of the extracts and fractions of S. alata was calculated. Later, the physio-
chemical parameters of the control solutions and different concentrations of the extracts and
fractions were determined. Further, to determine the antiparasitic potential of S. alata, the
behaviour and mortality time of the marine parasitic leeches exposed to the control solutions
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and different concentrations of the extracts and fractions were observed and recorded. The
detailed results of these analyses are presented in subsequent sections.

Table 1 presents the percentage yields of the methanol extract, its fractions (hexane, chloroform, ethyl
acetate and butanol) and the aqueous extract obtained from S. alata. Between extracts, the methanol
extract exhibits the highest yield percentage, compared to the aqueous extract. Among the fractions,
butanol exhibited the highest percentage yield followed by chloroform, ethyl acetate and hexane.

Table 1. Percentage yields of methanol extract, its fractions and aqueous extract of S. alata

No. Senna alata extracts/fractions Percentage yield (%)
1 Methanol extract 5.74 £+ 0.31
2 Hexane fraction 0.43 +0.01
3 Chloroform fraction 1.72 £ 0.02
4 Ethyl acetate fraction 0.80 + 0.01
5 Butanol fraction 2.23+£0.01
6 Aqueous extract 3.78 +1.41

Table 2 illustrates the water quality parameters observed in the control and treatment solutions,
including temperature, pH, dissolved oxygen, and salinity. Overall minimum discrepancies were noted
in these parameters except for pH, which displayed fluctuations compared to the control and treatment
solution. Notably, the pH tended towards the neutral values with reduction of the concentration of
treatment solutions.

Table 2. Water quality parameters of control and treatment solutions

No Group Concentration Temperature (° pH Dissolved oxygen Salinity
(mg/ml) C) (mgfl) (ppt)
1. Negative control 24.9 7.37 7.56 30.8
(Seawater)
2, Positive control (0.2% 0.2% 24.8 6.94 7.63 30.6
Formalin)
3. Positive control 24.8 7.46 8.03 0.5
(Freshwater)
4, Methanol 100 241 4.00 6.00 28.0
5. 50 24 4.10 6.34 27.3
6. 25 24 4.41 6.46 27.2
7. 12.5 24.3 5.65 6.21 27.4
8. Hexane 100 24.7 4.82 6.16 27.4
9. 50 24.9 5.45 6.44 27.0
10. 25 25.2 6.54 6.29 27.2
11. 12.5 24.8 7.21 6.01 28.0
12. Chloroform 100 23.7 4.26 6.48 28.3
13. 50 23.8 4.94 6.44 27.8
14. 25 24.2 6.43 6.00 27.5
15. 12.5 23.7 6.86 6.19 28.0
16. Ethyl acetate 100 23.7 4.07 6.46 28.8
17. 50 24 4.69 6.62 28.4
18. 25 23.9 5.12 6.00 27.8
19. 12.5 24.3 6.46 6.16 27.9
20. Butanol 100 23.5 4.00 6.67 27.4
21. 50 23.6 4.10 6.44 28.8
22. 25 23.6 5.01 6.22 28.6
23. 12.5 23.8 6.42 6.09 27.9
24, Aqueous 100 24 5.04 6.43 27.6
25. 50 23.9 5.22 6.21 27.0
26. 25 23.9 5.41 6.01 27.6
27. 12.5 23.9 5.87 6.14 271
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Upon exposure to normal seawater, the parasite leech exhibited unaltered behaviour. However, when
subjected to a 0.2% formalin treatment and fresh water, the leech became notably active and aggressive,
displaying abnormal movement. They were not able to attach their suction to the bottom or wall of the
petri dish. In the S. alata treated groups, exposure to 100 mg/ml and 50 mg/ml concentrations of the
extracts and fractions induced high activity and aggression in the leeches and prevented them from
attaching their suction to the base of the petri dish. Conversely, when subjected to lower concentrations
of 25 mg/ml or 12 mg/ml, the leeches displayed less aggression as compared to high concentrations,
and they were able to attach their suction to the base of the petri dish before eventual mortality. Upon
death, they slowly detached their suction from the base of the petri dish. Figure 3 (A-D) shows the
parasite leech group treated with S. alata aqueous extract. Once the movement ceased, the leeches
were transferred back to the seawater to confirm their deaths, but no further movement was noticed.

Figure 3. S. alata aqueous extract treated parasite leech groups. A = 100 mg/ml, B = 50 mg/ml, C= 25
mg/ml and D = 12.5 mg/mi

Table 3 shows the recorded mortality time of parasite leeches. Complete mortality was noticed in a dose-
dependent manner across the methanol extract, its fractions, and the aqueous extract. Notably, the
aqueous extract at 100 and 25 mg/ml concentrations exhibited rapid parasitic leech mortality compared
to the methanol extract and its fractions, except the ethyl acetate fraction at 50 mg/ml, which
outperformed the aqueous extract at the same dosage.
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Table 3. Mortality time of leech after exposure to various concentrations of extracts, fractions, and controls

No Group Concentration Mortality time (minutes)
(mg/mi) Mean* S.D

1. Negative control (Seawater) > 180 0.0

2, Positive control (0.2% Formalin) 0.2% 7.04 £ 0.582

3. Positive control (Freshwater) 121.34 £ 21.672

4. Methanol 100 8.23+3.06 2

5. 50 20.96+10.612°

6. 25 28.17+9.72 3¢

7. 12.5 95.00+15.62 2b°

8. Hexane 100 12.31+4.26 2

9. 50 69.79+29.14 abce
10, 25 181.52+11.52 abef
T 12.5 193.90+15.58 abcg

12. Chloroform 100 12.53+2.04 abc
13, 50 13.9043.17 abe
14, 25 66.83+23.62 20cf
15, 12.5 146.28+38.54 b9

16. Ethyl acetate 100 6.83+1.28 2
ETAR 50 8.21+2.90 abc
18, 25 47.19+15.52 2bc
19, 12.5 85.65+2.36 ¢

20. Butanol 100 9.08+1.86°
1. 50 15.45+6.20 a°
22, 25 22.52+5.00 °
23, 12.5 84.67+1.83 abc

24. Aqueous 100 2.38+0.15 b
- 25, 50 14.31£3.45 abc
26, 25 17.5842.33 abc
27, 12.5 33.08+3.52 a°

Each value represents the meanS.D. of 5 parasitic leeches per group.

2 Significance at p<0.05 compared with the normal control: seawater.

b Significance at p<0.05 compared with the positive control: formalin (0.25%)
¢ Significance at p<0.05 compared with the positive control: freshwater.

4 Significance at p<0.05 compared with the methanol extract for 100 mg/ml.
¢ Significance at p<0.05 compared with the methanol extract for 50 mg/ml.

f Significance at p<0.05 compared with the methanol extract for 25 mg/ml.

9 Significance at p<0.05 compared with the methanol extract for 12.5 mg/ml.
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According to the overall results the methanol extract exhibits the highest yield percentage compared
to the aqueous extract. This difference may arise from the solvent's varying polarity and affinities for
extracting certain chemicals, with methanol demonstrating higher efficacy than aqueous in extracting
specific compounds from plant material [23]. Among the fractions, butanol exhibited the highest
percentage yield compared to the hexane, chloroform, and ethyl acetate fractions. The difference can
be attributed to butanol's selective solubility as a polar aprotic solvent capable of dissolving a wide
range of molecules, both polar and nonpolar. This characteristic allows butanol to extract a wide range
of chemicals, potentially contributing to a higher overall yield when compared to other solvents [24].

The water quality parameters in the normal control and extracts and fractions solutions displayed
variations in the pH. The fluctuations in pH values could be attributed to the presence of bioactive
compounds with acidic properties in S. alata extract [19]. The results are in comparison with previous
data [11].

The antiparasitic potential of S. alata was evaluated by exposing parasitic leech Z. arugamensis to
methanol extract, its four different fractions (hexane, chloroform, ethyl acetate, and butanol) and
aqueous extract at various concentrations (100 mg/ml, 50 mg/ml, 25 mg/ml, and 12.5 mg/ml) to
determine their efficacy. Each concentration exhibited different average leech mortality times across
the extracts and fraction groups. Notably, at 100 mg/ml concentration, the aqueous extract
demonstrated the shortest time for leech mortality (2.38 + 0.15 minutes), outperforming other extract
and fraction groups. Similarly, at 50 mg/ml concentration, the ethyl acetate fraction showed the shortest
time for leech mortality (8.23+3.06 minutes). The trend continued with the 25 mg/ml concentration,
where the aqueous extract recorded the shortest time (17.58 £ 2.33 minutes). At 12.5 mg/ml
concentration, the aqueous extract again exhibited the shortest time (33.08 + 3.52 minutes). Other
studies also showed that the plant extracts are effective against parasitic leech species, such as
Melastoma malabathricum (Melastomataceae, Straits Rhododendron), Tetracera indica (Dilleniaceae,
Sandpaper vine), Piper betle (Piperaceae, betel), and Etlingera coccinea (Zingiberaceae, perennial
ginger), were tested for antiparasitic activity against Z. arugamensis. These plant extracts displayed
antileech properties in less than 5 minutes at a concentration of 0.25 g/ml. The leeches were
immediately paralyzed, with their bodies hardening, shrinking, and turning a darker colour after being
exposed to these extracts [25]. The aqueous extract of Azadirachta indica (Meliaceae, Neem)
demonstrated potent antiparasitic activity against Z. arugamensis, achieving 100% mortality at
concentrations of 100 mg/ml in average times of 6.45 minutes [22]. The aqueous extract of Nephrolepis
biserrata (Nephrolepidaceae, Sword fern) at a concentration of 100 mg/ml resulted in parasitic leech
mortality of around 11 minutes [26]. Similarly, the aqueous-ethanol extracts of Zingiber officinale
(Zingiberaceae, ginger), Ocimum basilicum (Lamiaceae, basil), and Castela texana (Simaroubaceae,
bitter chaparro) have demonstrated toxic effects against a marine parasitic leech Neobenedenia
species (Monogenea: Caspsalidae) afflicting orange-spotted grouper (Epinephelus coioides) [17].
Thus, the plant extract can be used as an alternative against parasitic leech infestations. Plant-based
remedies are both biodegradable and environmentally sustainable. Aquaculture techniques can be
linked with sustainability goals by using plant-derived biochemicals, reducing environmental effects. In
West Java, Indonesia, a large number of farmers used traditional medicinal plants in their aquaculture
practices[16].

The extract of S. alata has been reported to have various metabolites that exhibit antiparasitic
properties. Among these metabolites, kaempferol, emodin, luteolin anthraquinones etc. have been
reported to have antiparasitic effects [19,27-30]. We believe the antiparasitic potential of S. alata
extracts and fractions might be achieved due to the presence of these antiparasitic metabolites.
However, further research is needed to isolate and identify metabolites present in the extracts and
fractions of S. alata and evaluate their efficacy against the parasitic leech, Z. arugamensis. In addition,
the extract of S. alata has also been reported to have antiparasitic properties against Plasmodium
berghei. which further shows the antiparasitic nature of S. alata extract [31].

Conclusions

In the current study, the antiparasitic potential of Senna alata (known as 'Ringworm bush) is evaluated.
The dry powder was extracted with both methanol and water, with the methanol extract further
fractionated using hexane, chloroform, ethyl acetate, and butanol. The methanol extract shows a high
extraction yield compared to aqueous extract. Further, Zeylanicobdella arugamensis, a marine
parasitic leech, was exposed to varying concentrations of S. alata extracts and fractions ranging from
100 to 12 mg/ml. The findings revealed that all extracts and fractions exhibited significant antiparasitic
potential, causing 100% mortality among the leeches. Overall, the aqueous extract proved the most
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effective, as it displayed the shortest mortality time recorded among the extracts and fractions. This
antiparasitic potential might be due to the presence of relevant chemical constituents within S. alata.
Consequently, the study highlights the antiparasitic potential of the extracts and fractions of S. alata
against parasitic leech Z. arugamensis infestation. The study holds potential benefits for fish farmers,
particularly those engaged in grouper and sea bass aquaculture, for controlling parasite infestations.
However, further research is essential to isolate the potential antiparasitic bioactive compounds found
in S. alata and test them against the parasitic leech Z. arugamensis.
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