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Introduction 
An ectoparasitic leech Zeylanicobdella 
arugamensis (Annelida, Hirudinea, Piscicolidae) 
affects a diverse range of fish species and poses 
a serious threat to the aquaculture industry. 
However, because of global environmental 
changes, the ectoparasitic leech was found in 
several host fishes along the coasts of several 
countries, which include Malaysia, Thailand, 
Indonesia, Brunei Darussalam, Singapore, 
India, Iran, the Philippines, Australia, and Japan 
(Nagasawa & Uyeno, 2009; Venmathi Maran 
et al., 2009; Venmathi Maran et al., 2012a, 
2012b; Ravi & Yahaya, 2017; Azmey et al., 
2020). Apart from parasitic caligiform copepods 
(Boxshall et al., 2008; Venmathi Maran et al., 
2009), the presence of marine leeches in a 
cage-rearing Asian sea bass, Lates calcarifer, 
has been documented (Kua et al., 2006). It 
was found that several juvenile leeches hatch 
the most at a salinity of 30 ppt, followed by 
20 ppt and 10 ppt. The proportion of Asian sea 
bass fry infected with these parasitic leeches 

can reach up to 70% after two weeks in the 
cages, causing scale disintegration, tail, and fin 
infection. At salinities ranging from 10 to 40 
ppt and temperatures ranging from 25 to 35°C, 
adult and juvenile leeches were found to live 
for an average of four to seven days (Kua et al., 
2006). Parasitic leech infestations result in the 
mortality of the host, often within three days 
following a secondary infection by the bacteria 
Vibrio alginolyticus. The presence of secondary 
infection can exacerbate the fish’s health and 
lead to death (Gopalakrishnan et al., 2011a; 
Gopalakrishnan et al., 2011b; Kua et al., 2014; 
Suyanti et al., 2021). 

Therefore, Z. arugamensis is a significant 
danger to the aquaculture industry, and 
prevention methods are essential. Due to the 
lack of biocontrol agents, toxic chemicals have 
been used by farmers, including formalin, 
copper sulphate, organophosphate, sulfonamides 
etc., for parasitic disinfestation (Shariff et al., 
2000). The toxic chemicals are harmful to fish 
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as well as humans and the environment. These 
toxic chemicals cause genotoxicity, enzyme 
inhibition, gill damage, mucous cell alterations, 
haematological changes, hypochloremia, skin 
ulceration, and mortality in fish (Narra et al., 
2012; Leal et al., 2018; Resendes et al., 2018; 
Shah et al., 2020a). In human beings, these 
chemicals induce cancer, nephrotoxicity, and 
nervous system damage (Marrs, 1993; Shah 
& Iqbal, 2010; Yang et al., 2020). While the 
release of these harmful chemicals into the 
environment, negatively affects water quality 
(declines dissolved oxygen, pH, etc.), induces 
biological toxicity, and causes accumulation 
(Rowland et al., 2006; Liu et al., 2021).

Medicinal plants are of great importance 
because of their unique properties, such as having 
a rich source of therapeutic phytochemicals that 
could lead to the creation of new medications 
(Wink, 2012). Most phytochemicals generated 
from plants that contain phenolics, alkaloids, 
flavonoids, and other compounds have been 
found to have a favourable effect and can be 
a good option to treat parasitic infections and 
consequent diseases (Muhammad et al., 2003; 
Bahmani & Rafieian-Kopaei, 2014; Othman et 
al., 2019; Shah et al., 2020a).

Curcuma longa Linn. (Turmeric), locally 
known as Kunyit, is a rhizomatous, herbaceous 
perennial plant in the Zingiberaceae family. 
Its extract has been shown to have a variety of 
properties, including hepatic and cardioprotective 
(Mohanty et al., 2004; Rivera-Espinoza & 
Muriel, 2009) hypoglycaemic (Honda et al., 
2006), anti-amyloidogenic (Shytle et al., 2009), 
antifungal (Cho et al., 2006), antioxidant 
(Cousins et al., 2007), antibacterial (Niamsa 
& Sittiwet, 2009) and anticancer (Kuttan et al., 
1985). C. longa extract has also been reported to 
have parasuicidal activity against Plasmodium, 
Leishmania, Trypanosoma, nematodes, Giardia, 
etc. (Haddad et al., 2011). Since there is no 
research  on C. longa’s  antiparasitic activity 
against this particular parasitic leech Z. 
arugamensis, it is considered a novel work. The 
major aim of this study is to test the antiparasitic 
activity of C. longa methanol extract against Z. 
arugamensis at different concentrations/dosages.

Materials and Methods
Sample Collection 

The rhizome of C. longa was obtained from 
the local market at Kota Kinabalu (5.9804° 
N, 116.0735° E), Sabah, Malaysia, and rinsed 
with distilled water. After that, it was cut into 
thin layers and placed in an oven at 37°C for 
four days. The dried turmeric roots were finely 
pulverised and stored in an airtight plastic jar.

Sample Extraction and Preparation
Around 145 g of dried turmeric powder was 
dissolved in 250 mL of HPLC-grade methanol 
and agitated at room temperature using an 
orbital shaker (Model: IBS-NR-25-8) for 72 
hours. Whatman No. 41 filter paper was used 
to filter the supernatant. The methanol residues 
were completely removed from the extract using 
a vacuum rotary evaporator until it became 
saturated. After being stored in a -80°C freezer 
for 24 hours, the saturated crude extracts were 
then freeze-dried using a freeze dryer, yielding 
approximately 18 g of dried extract (Shah et al., 
2021).

Further, for the experiment, three extract 
concentrations (25, 50 and 100 mg/ml) were 
selected.  To  prepare these  concentrations,  the
dried methanol extract was dissolved in 
seawater containing 2% Tween 80. The mixture 
was then sonicated for 5 minutes to enhance the 
solubility, followed by filtration using a syringe 
filter to remove undissolved particles. The 
resulting solution was used for further research 
and analysis.

Parasitic Leech Collection
The parasitic leeches, Z. arugamensis (1-1.5 cm), 
were obtained from the aquaculture facilities 
of Universiti Malaysia Sabah. The parasitic 
leech-infested hybrid grouper (Epinephelus 
fuscoguttatus x Epinephelus lanceolatus) 
(weight: 250-350 g, diameter: 15-25 cm) caught 
from the cage was transferred into a small 
tank filled with seawater, and the leeches were 
manually removed (Figure 1). The collected 
leeches were transferred into another container 
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filled with filtered seawater and incubated for 
24 hours at 27°C before the experiment was 
conducted.

Antiparasitic Bioassay
A total of 60 mature and healthy parasitic 
leeches were used. The leeches were divided 
into five groups (4 leeches/group), Group 1 
served as a negative control and was treated 
with 1 mL of seawater. Group 2, on the other 
hand, served as a positive control and received 
1 mL of a 0.25 % v/v formalin solution. 

For Groups 3, 4, and 5, the parasitic leeches 
were exposed to 1 mL of the methanol extract 
of C. longa at different concentrations of 25, 
50, and 100 mg/mL, respectively. The treated 
parasites were placed in a glass petri dish and 
observed more than 1 hour (Shah et al., 2021). 
The experiment was done in triplicate to assure 
the accuracy and reliability of the results.

The Behaviour of Parasitic Leech and 
Mortality Time
Throughout the experiment, the behaviour of 
the parasitic leeches in both the control and 
extract-treated groups was visually observed. 
This includes monitoring swimming patterns, 
body movement and attachment to the solid 
surface using their anterior and posterior 
suckers. 

Furthermore, the mortality time of the 
parasitic leeches exposed to the extract was 

recorded using a stopwatch. To determine 
the point of mortality, parasitic leeches were 
considered dead when they displayed no 
movement even after being physically prodded 
with a needle on multiple occasions (Venmathi 
Maran et al., 2021).

Physico-Chemical Parameters
Water quality parameters such as pH, dissolved 
oxygen, temperature, and salinity were recorded 
in the control and treated groups using a multi-
item water quality meter, Hyogo, Japan.

Statistical Analysis
The data was analysed using the IBM SPSS 
Statistics 25 Window application (IBM, 
Armonk, NY, USA). To find significant 
differences between groups, one-way analysis 
of variance (ANOVA) was utilised, followed 
by Tukey’s multiple comparisons test. All of 
the results were presented using the mean and 
standard error of the mean (S.E.). P values of 
less than 0.05 were deemed significant.

Results 
Mortality Time
The fatality time of the parasitic leeches tested 
with a methanol extract of C. longa is shown in 
Figure 2. Parasitic leeches treated with seawater 
(negative control) indicated no mortality in > 60 
minutes. Parasitic leeches exposed to formalin 

Figure 1: A = Adult Zeylanicobdella arugamensis, B = Arrows showed the infestation of Zeylanicobdella 
arugamensis on the upper and lower jaw of the hybrid grouper
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indicated complete mortality in 2.20 ± 0.02 
minutes. Similarly, parasitic leeches exposed to 
methanol extract showed complete mortality at 
all concentrations. However, parasitic leeches 
treated with methanol extract at a concentration 
of 100 mg/mL showed total mortality in a 
shorter time of 6.12 ± 0.03 minutes as compared 
to 50 mg/mL (8.06 ± 0.06 minutes) and 25 mg/
mL (10.50 ± 0.04 minutes) with significant 
differences.

Mortality Percentage
Table 1 shows the mortality percentage of 
parasitic leeches administered with varying 
concentrations of C. longa methanol extract. 

The control group was treated with seawater 
and indicated no mortality, but the formalin 
and extract-treated groups showed complete 
mortality.

Physico-chemical Parameters
All parameters determined were consistent, 
except for a change in pH values between the 
control and the plant treatment groups. Table 
2 indicates the water quality parameters in 
the control and treatment groups during the 
experiment. The pH values of the negative 
control and positive control groups (7.86 and 
7.24) indicated variations in pH values compared 
to the C. longa methanol extract groups at a 

Figure 2: Mortality time of parasitic leeches treated with different concentrations of ethanol extract of C. 
longa, negative and positive control groups

Note: Each value represents the mean ± S.D of four leeches per group.
#Significance at p = 0.05 compared with the normal control group.
&Significance at p = 0.05 compared with the formalin (0.25% v/v). 
$Significance at p = 0.05 compared with C. longa (Methanol 25 mg/mL).
*Significance at p = 0.05 compared with C. longa (Methanol 50 mg/mL).

Table 1: Mortality percentage of parasitic leeches at different concentrations of methanol extract of C. longa

No. Groups Mortality (%)
1 Negative control (Seawater) 0

2 Positive control (formalin 0.25%) (v/v) 100

3 C. longa (25 mg/mL) 100
4 C. longa (50 mg/mL) 100
5 C. longa (100 mg/mL) 100
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concentration of 100 to 25 mg/mL (4.05 to 
5.91), respectively. The pH fluctuations could 
be caused by the presence of acidic bioactive 
chemicals in the C. longa extract-treated groups.

The Behaviour of Z. arugamensis 
The locomotive behaviour of parasitic leeches 
treated with seawater remained unchanged 
throughout the observation period. However, 
in the formalin-treated group, significant 
discomfort and stress were noticed in the first 
minute. The parasitic leeches were swimming 
sideways, and their movement was not 
organised.

Similarly, the behaviour of parasitic 
leeches treated with the methanol extract 
of C. longa showed similar results. With no 
organised movement, they were unable to 
cling to the bottom of the glass petri dish 
using their suckers, indicating a disruption 
in their behaviour. Notably, the group treated 
with the highest concentration of 100 mg/mL 
displayed the highest level of stress among the 
leeches, followed by the groups treated with 
concentrations of 50 mg/mL and 25 mg/mL.

Discussion
The marine parasitic leech Z. arugamensis 
is proving to be a serious menace to the 
aquaculture industry, especially the grouper 
culture industry in Southeast Asian countries 
(Cruz-Lacierda et al., 2000; Ravi & Yahaya, 
2017). Chronic anaemia is common in heavily 

infected fish with leeches (Noga, 2000). When 
a grouper’s skin is infested with leeches, it will 
brush its body against objects in its environment, 
creating injuries and ulcers on the skin or in 
the mouth (Noga, 2000; Shah et al., 2020a). 
Furthermore, the ectoparasitic leech serves as a 
vector for disease transmission, causing the host 
fish to die within a short time (Burreson, 2006; 
Kua et al., 2014). To control and eliminate the 
parasitic infestation, various toxic chemicals have 
been applied by farmers. The chemical method 
employed by fish farmers has a negative impact on 
fish, humans, and the environment (Mohamed et 
al., 2000; Nagasawa & Cruz-Lacierda, 2004). 
Thus, for the control of parasitic infestations, 
aquaculture should focus on solutions that are 
both ecologically friendly and long-lasting. 
Plant-based disease management in aquaculture 
has recently gotten a lot of attention as a viable 
alternative to chemical treatments (Reverter 
et al., 2014). The antiparasitic potential of the 
methanol extract of C. longa was investigated 
in the present study. At a concentration of 100 
mg/mL, the extract killed parasitic leeches in 
approximately 6 min, followed by 8 and 11 min 
at 50 mg/mL and 25 mg/mL, respectively.

In a similar study, the methanol extract 
of the medicinal plant Dillenia suffruticosa 
(Dilleneacea), locally known as Simpoh air or 
Simpoh ayer, was tested against Z. arugamensis. 
The parasitic leeches were subjected to the 
methanol extract of D. suffruticosa solution, 
which killed all the leeches in 14.39 minutes. at 
the concentration of 100 mg/mL, followed by 
50 mg/mL and 25 mg/mL in 32.97 and 41.77 

Table 2: Water quality parameters of control and treatment groups in methanol extraction

Water Parameters Concentrations

Groups
Control Formalin Curcuma longa

0.25% (100 mg/mL) (50 mg/mL) (25 mg/mL)

Temperature (°C) 24.0 24.0 24.0 24.3 24.1

pH 7.86 7.24 4.05 5.42 5.91

Dissolved Oxygen 
(mg/L) 5.0 6.30 6.32 5.21 4.95

Salinity (ppt) 37.0 37.0 37.0 37.0 37.0
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minutes, respectively (Shah et al., 2020b). 
Following that, another medicinal plant, 
Nephrolepis biserrata (Nephrolepidaceae), 
locally known as Paku larat was tested 
with methanol extracts and 100% mortality 
of leeches was found. The average time 
recorded to kill leeches at 100, 50, and 25 mg/
mL concentrations was 4.88, 11.91, and 25.11 
minutes, respectively. Additionally, hybrid 
groupers were also disinfested with exposure to 
the methanol extract of the plant which resulted 
in the complete disinfestation of the host fish in 
less than 30 min. at a concentration of 10 mg/mL 
(Shah et al., 2020a). The methanolic extracts of 
garlic Allium sativum L. (Amaryllidaceae) have 
been reported with significant antileech activity 
at a concentration of 600 µ/mL against the 
parasitic leech Limnatis Nilotic in a time limit 
of 68 minutes. Similarly, the antileech activity 
of Zingiber officinale (Zingiberaceae) against L. 
nilotica has also been reported. The methanol 
extract of the plant at a concentration of 32 × 104 
ppm resulted in the mortality of L. nilotica in 24 
minutes (Forouzan et al., 2012).

The bioactive chemical constituents of 
turmeric have been investigated based on a 
previous study (Li et al., 2011; Venmathi Maran 
et al., 2022; Shah et al., 2022). Curcuma longa 
contains approximately 235 compounds, the 
majority consisting of phenolics and terpenoids, 
such as diarylheptanoids (commonly referred 
to as curcuminoids), diarylheptanoids, 
monoterpenes, sesquiterpenes, diterpenes, 
triterpenoids, alkaloid, and sterols. The major 
bioactive constituents are curcuminoids, 
primarily curcumin, and essential oils, primarily 
monoterpenes, which have been reported to have 
antiparasitic activity against animal parasites (Li, 
2011; Cervantes-Valencia et al., 2019). Hence, it 
can be concluded that the antiparasitic activity of 
C. longa methanol extract is attributable to the 
presence of antiparasitic bioactive chemicals, 
particularly curcuminoids.

Conclusion
The results of the current experiment distinctly 
showed that the methanol extract of the turmeric 

Curcuma longa rhizome possessed high 
antiparasitic activity against the parasitic leech 
Zeylanicobdella arugamensis. In this study, the 
methanol extract of C. longa with concentrations 
of 100, 50, and 25 mg/mL was applied, which 
resulted in 100% mortality of parasitic leeches 
in periods of 6.12, 8.06, and 10.50 minutes, 
respectively. This result suggests that the higher 
the methanol extract concentration, the shorter 
the fatality time of the parasitic leech. This is 
the first study conducted on the antiparasitic 
effect of C. longa against the parasitic leech. 
Thus, our study indicated that the extracts of 
C. longa rhizome demonstrated significant 
antiparasitic activity against the parasitic 
leeches, particularly at 100 mg/ml concentration 
due to less mortality time. However, further 
research is needed to identify and isolate the 
pure bioactive compounds responsible for the 
antiparasitic potential.

Acknowledgements
This research was funded by UMS Project 
SDN0073-2019, and FRGS/1/2018/STG03/UMS/ 
02/2.

References
Azmey, S., Taruna, M., Taha, H., & Arai, T. 

(2020). Prevalence and infestation intensity 
of a piscicolid leech, Zeylanicobdella 
arugamensis on cultured hybrid grouper 
in Brunei Darussalam. Veterinary 
Parasitology Regional Studies & Reports, 
20, 100398. https://doi.org/10.1016/j.vprsr. 
2020.100398

Bahmani, M., & Rafieian-Kopaei, M. (2014). 
Medicinal plants and secondary metabolites 
for leech control. Asian Pacific Journal of 
Tropical Disease, 4, 315–316.

Boxshall, G. A., Lin, C-L., Ho, J-s., Ohtsuka, S., 
Venmathi Maran B. A., Justine, J-L. (2008). 
A revision of the family Dissonidae Kurtz, 
1924 (Copepoda: Siphonostomatoida). 
Systematic Parasitology, 70, 81-106.



Muhammad Dawood Shah et al.			   182

Journal of Sustainability Science and Management Volume 18 Number 11, November 2023: 176-184

Burgess, P. (2000) Fish disease: diagnosis 
and treatment. Aquarium Sciences and 
Conservation 2, 253–255.

Burreson, E. M. (2006). Phylum Annelida: 
Hirudinea as vectors and disease agents. 
Volume 1: Protozoan and Metazoan 
Infections. Fish Diseases and Disorders 
(pp. 566–591). Wallingford, Oxfordshire: 
CABI.

Cervantes-Valencia, M. E., Hermosilla, C., 
Alcalá-Canto, Y., Tapia, G., Taubert, A., 
& Silva, L. M. R. (2019). Antiparasitic 
efficacy of curcumin against Besnoitia 
besnoiti tachyzoites in vitro. Frontiers in 
Veterinary Science, 5, 333.

Cho, J. Y., Choi, G. J., Lee, S. W., Lim, H. K., 
Jang, K. S., Limn, C. H., Cho, K. Y., & Kim, 
J. C. (2006). In vivo antifungal activity 
against various plant pathogenic fungi of 
curcuminoids isolated from the rhizomes of 
Curcuma longa. Plant Pathology Journal, 
22(1), 94. 

Cousins, M., Adelberg, J., Chen, F., & Rieck, 
J. (2007). Antioxidant capacity of fresh 
and dried rhizomes from four clones of 
turmeric (Curcuma longa L.) grown in 
vitro. Industrial Crops and Products, 25, 
129–135.

Cruz-Lacierda, E. R., Toledo, J. D., Tan-Fermin, 
J. D., & Burreson, E. M. (2000). Marine 
leech (Zeylanicobdella arugamensis) 
infestation in cultured orange-spotted 
grouper, Epinephelus coioides. Aquaculture, 
185, 191–196.

Forouzan, S., Bahmani, M., Parsaei, P., 
Mohsenzadegan, A., Gholami-Ahangaran, 
M., Sadeghi, E., Saki, K., & Delirrad, M. 
(2012). Anti-parasitic activities of Zingiber 
officinale methanolic extract on Limnatis 
nilotica. Global Veterinaria, 9, 144–148.

Gopalakrishnan, A., Rajkumar, M., Sun, J. Parida, 
A., & Venmathi Maran, B. A. (2011a) 
Integrated biological control of water 
hyacinths,  Eichhornia crassipes  by a novel 
combination of grass carp, Ctenopharyngodon

 	 idella  (Valenciennes, 1844), and the 

weevil, Neochetina spp. Chinese Journal of 
Oceanography and Limnology, 29, 162–166. 

Gopalakrishnan, A., Venmathi Maran, B. A. 
Puvanendran, V., Rajkumar, M., & Ferguson, 
H. W. (2011b). Neoplasia in the Indian oil 
sardine, Sardinella longiceps (Valenciennes), 
and the great barracuda,  Sphyraena 
barracuda  (Edwards), from the south-east 
coast of India. Fish Diseases, 34, 881–885.

Haddad, M., Sauvain, M., & Deharo, E. (2011). 
Curcuma as a parasiticidal agent: A review. 
Planta Medica, 77(6), 672–678.

Honda, S., Aoki, F., Tanaka, H., Kishida, H., 
Nishiyama, T., Okada, S., Matsumoto, 
I., Abe, K., & Mae, T. (2006). Effects of 
ingested turmeric oleoresin on glucose 
and lipid metabolisms in obese diabetic 
mice: A DNA microarray study. Journal 
of Agricultural and Food Chemistry, 54, 
9055–9062.

Kua, B. C., Abdullah, S. Z., Abtholuddin, M. 
F., Mohd, N. F., & Mansor, N. N. (2006). 
Marine leech isolated from cage-cultured 
sea bass (Lates calcarifer) fingerlings: 
A parasite or vector? In 15th Scientific 
Conference Proceeding, Kuala Terengganu, 
Malaysia, 4th-6th December.

Kua, B. C., Choong, F. C., & Leaw, Y. Y. (2014). 
Effect of salinity and temperature on marine 
leech, Zeylanicobdella arugamensis (De 
Silva) under laboratory conditions. Journal 
of Fish Diseases, 37, 201–207.

Kuttan, R., Bhanumathy, P., Nirmala, K., & 
George, M. C. (1985). Potential anticancer 
activity of turmeric (Curcuma longa). 
Cancer Letters, 29(2), 197–202. 

Leal, J. F., Neves, M. G. P. M. S., Santos, E. B. 
H., & Esteves, V. I. (2018). Use of formalin 
in intensive aquaculture: properties, 
application and effects on fish and water 
quality. Reviews in Aquaculture, 10(2), 
281–295. 

Liu, Y., Gong, S., Ye, L., Li, J., Liu, C., Chen, 
D., Fang, M., Letcher, R. J., & Su, G. 
(2021). Organophosphate (OP) diesters and 



EFFECTS OF TURMERIC EXTRACT AGAINST MARINE LEECH	 183

Journal of Sustainability Science and Management Volume 18 Number 11, November 2023: 176-184

a review of sources, chemical properties, 
environmental occurrence, adverse 
effects and future directions. Environment 
International, 155, 106691. 

Li, S., Yuan, W., Deng, G., Wang, P., Yang, 
P., & Aggarwal, B.B. (2011). Chemical 
composition and product quality 
control of turmeric (Curcuma longa L.). 
Pharmaceutical Crops, 5, 28–54.

Marrs, T. C. (1993). Organophosphate poisoning.
	  Pharmacology & Therapeutics, 58(1), 51–

66. 

Mohamed, S., Nagaraj, G., Chua, F. H. C., & 
Wang, Y.G. (2000). The use of chemicals 
in aquaculture in Malaysia and Singapore. 
In J. R. Arthur, C. R. Lavilla-Pitogo, & R. 
P. Subasinghe (Eds.). Use of Chemicals 
in Aquaculture in Asia: Proceedings of 
the Meeting on the Use of Chemicals in 
Aquaculture in Asia, 20–22 May (pp. 127–
141). Tigbauan, Iloilo, Philippines.

Mohanty, I., Singh Arya, D., Dinda, A., Joshi, 
S., Talwar, K. K., & Gupta, S. K. (2004). 
Protective effects of Curcuma longa on 
ischemia-reperfusion induced myocardial 
injuries and their mechanisms. Life 
Sciences, 75, 1701–1711.

Muhammad, I., Dunbar, D. C., Khan, S. I., 
Tekwani, B. L., Bedir, E., Takamatsu, 
S., Ferreira, D., & Walker, L. A. (2003). 
Antiparasitic alkaloids from Psychotria 
klugii. Journal of Natural Products, 66, 
962–967.

Nagasawa, K., & Cruz-lacierda, E. R. (2004). 
Diseases of cultured groupers. Southeast 
Asian Fisheries Development Center, 
Aquaculture Department Tigbauan.

Narra, M. R., Begum, G., Rajender, K., & 
Venkateswara Rao, J. (2012). Toxic impact 
of two organophosphate insecticides on 
biochemical parameters of a food fish 
and assessment of recovery response. 
In Toxicology and Industrial Health 
(Vol. 28, Issue 4, pp. 343–352). SAGE 
PublicationsSage UK: London, England.

Niamsa, N., & Sittiwet, C. (2009). Antimicrobial 
activity of Curcuma longa aqueous extract. 
Journal of Pharmacology and Toxicology, 
4(4), 173–177. 

Othman, L., Sleiman, A., & Abdel-Massih, 
R. M. (2019). Antimicrobial activity of 
polyphenols and alkaloids in Middle 
Eastern plants. Frontiers in Microbiology, 
10, 911. 

Ravi, R., & Yahaya, Z. S. (2017). Zeylanicobdella 
arugamensis, the marine leech from cultured 
crimson snapper (Lutjanus erythropterus), 
Jerejak Island, Penang, Malaysia. Asian 
Pacific Journal Tropical Biomedicine, 7, 
473–477.

Resendes, A. S., dos Santos, D. S., França, F. 
M., Petesse, M. L., Badaró-Pedroso, C., 
& Ferreira, C. M. (2018). Acute toxic and 
genotoxic effects of formalin in Danio rerio 
(zebrafish). Ecotoxicology, 27(10), 1379–
1386. https://doi.org/10.1007/s10646-018-
1993-6. 

Reverter, M., Bontemps, N., Lecchini, D., 
Banaigs, B., & Sasal, P. (2014). Use of plant 
extracts in fish aquaculture as an alternative 
to chemotherapy: Current status and future 
perspectives. Aquaculture, 433, 50–61.

Rivera-Espinoza, Y., & Muriel, P. (2009). 
Pharmacological actions of curcumin 
in liver diseases or damage. Liver 
International, 29(10), 1457–1466.

Rowland, S.J., Nixon, M., Landos, M., Mifsud, 
C., Read, P., & Boyd, P. (2006). Effects 
of formalin on water quality and parasitic 
monogeneans on silver perch (Bidyanus 
bidyanus Mitchell) in earthen ponds. 
Aquaculture Research, 37(9), 869–876. 

Shah, M. D., Venmathi Maran, B. A., Haron, 
F. K., Ransangan, J., Ching, F. F., Shaleh, 
S. R. M., Shapawi, R., Yong, Y. S., & 
Ohtsuka, S. (2020a). Antiparasitic potential 
of Nephrolepis biserrata methanol extract 
against the parasitic leech Zeylanicobdella 
arugamensis (Hirudinea) and LC-QTOF 
analysis. Scientific Reports, 10, 22091.



Muhammad Dawood Shah et al.			   184

Journal of Sustainability Science and Management Volume 18 Number 11, November 2023: 176-184

Shah, M. D., Venmathi Maran, B. A., Iqbal, M., 
Ching, F. F., Lal, M. T. M., Othman, R., & 
Shapawi, R. (2020b). Antiparasitic activity 
of the medicinal plant Dillenia suffruticosa 
against the marine leech Zeylanicobdella 
arugamensis (Hirudinea) and its 
phytochemical composition. Aquaculture 
Research, 51, 215–221. doi:10.1111/are. 
14367

Shah, M. D., Venmathi Maran, B. A., Tan, J. K., 
Yong, Y. 5S., Fui Fui, C., Shaleh, S.R.M., & 
Shapawi, R. (2021). The anti-leech potential 
of the solvent extract of Bornean neem 
leaves and ultra-high performance liquid 
chromatography-high-resolution mass 
spectrometry profiling. Journal of King 
Saud University – Science, 33, 101541.

Shah, M. D., & Iqbal, M. (2010). Diazinon-
induced oxidative stress and renal 
dysfunction in rats. Food and Chemical 
Toxicology, 48(12), 3345–3353. 

Shah, M.D., Venmathi Maran, B.A., Shaleh, 
S.R.M., Zuldin, W.H., Gnanaraj, C., & 
Yong, Y.S. (2022). Therapeutic potential and 
nutraceuticals profiling of North Bornean 
seaweeds: A review. Marine Drugs, 20,101. 
10.3390/md20020101

Shytle, R., Bickford, P., Rezai-zadeh, K., Hou, 
L., Zeng, J., Tan, J., Sanberg, P., Sanberg, 
C., Roschek Jr., B., Fink, R., & Alberte, R. 
(2009). Optimized turmeric extracts have 
potent anti-amyloidogenic effects. Current 
Alzheimer Research, 6, 564–571.

Suyanti, E., Mahasri, G., & Lokapirnasari, 
W.P. (2021). Marine leech Zeylanicobdella 
arugamensis infestation as a predisposing 
factor for Vibrio alginolyticus infection on 
the hybrid grouper “cantang” (Epinephelus 
fuscoguttatus x Epinephelus lanceolatus) 
from traditional ponds in the Kampung 
Kerapu Lamongan Ea. In IOP Conference 
Series: Earth and Environmental Science, 
Surakarta, Indonesia, 24th–25th August.

Venmathi Maran, B.A., Leong, T. S., Ohtsuka, 
S., & Nagasawa, K. (2009). Records of 
Caligus (Crustacea: Copepoda: Caligidae) 
from marine fish cultured in floating cages 
in Malaysia with a redescription of the male 
of Caligus longipedis Bassett-Smith, 1898. 
Zoological Studies, 48, 797–807. 

Venmathi Maran, B.A., Oh, S.-Y., Soh, H.Y., 
Choi, H.J., & Myoung, J.-G. (2012a). Caligus 
sclerotinosus (Copepoda: Caligidae), a 
serious pest of cultured red seabream Pagrus 
major (Sparidae) in Korea. Veterinary 
Parasitology, 188, 355–361.

Venmathi Maran, B.A., Moon S-Y, Oh, S.-
Y., Soh, H.Y., & Myoung, J.-G. (2012b) 
Redescription of two Pennellids (Copepoda, 
Siphonostomatoida) from Korea with a key 
to species of  Peniculus  von Nordmann, 
1832. ZooKeys, 243, 1–14.

Venmathi Maran, B.A., Iqbal, M., Gangadaran, 
P., Ahn, B.-C., Rao, P. V., & Shah, M.D. 
(2022). Hepatoprotective potential of 
Malaysian medicinal plants: A review 
on phytochemicals, oxidative stress, and 
antioxidant mechanisms. Molecules 27(5), 
1533.10.3390/molecules27051533

Venmathi Maran, B. A., Josmeh, D., Tan, J. K., 
Yong, Y .S., & Shah, M.D. (2021). Efficacy 
of the aqueous extract of Azadirachta 
indica against the marine parasitic leech 
and its phytochemical profiling. Molecules, 
26, 1908. 

Wink, M. (2012). Medicinal plants: A source 
of anti-parasitic secondary metabolites. 
Molecules, 17, 12771–12791.

Yang, K. J., Lee, J., & Park, H. L. (2020). 
Organophosphate pesticide exposure 
and breast cancer risk: A rapid review of 
human, animal, and cell-based studies. 
International Journal of Environmental 
Research and Public Health, 17(14), 5030.


