
Available Online at http://www.recentscientific.com

International Journal of Recent Scientific Research
Vol. 16, Issue, 11, pp.586-593, November 2025

International Journal
  of Recent Scientific 

Research

ISSN: 0976-3031

LONG-TERM EXPOSURE TOEMAMECTIN BENZOATE INDUCES 
ALTERATIONS IN TRANSAMINASE ACTIVITY IN ZEBRAFISH 

(DANIO RERIO)

 CODEN: IJRSFP (USA) 

*Corresponding author: Shanmugam Sangeetha

Unit of Toxicology, Department of Zoology, School of Life 
Sciences, Bharathiar University, Coimbatore 641046, Tamil 
Nadu, India.

Shanmugam Sangeetha1, Ravi Srimathi2, Sundaram Mohanthi3 and MathanRamesh*

INTRODUCTION 
Pesticides are commonly used in agriculture to protect the 
crops from insects, in aquaculture farm to control parasites and 
to control the vector diseases in human health(Veedu et al., 
2022; Rohani, 2023; Giang et al., 2025).However, excessive 
use of different types of pesticides such as organochlorine, 
organophosphorus, pyrethroids, biopesticdes etc.,disturb the 
function of nervous system, reproductive system, endocrine 
system etc., (Mostafalou and Abdollahi, 2012; Li et al., 2025).
Likewise, inappropriate usage of these pesticides may enter the 
aquatic environment and affect the non-target organisms such 
as fish (Ramesh et al., 2023; Ramesh et al., 2024; Khoshnood, 

2024; Ramage et al., 2025).Ullah et al.(2021) has reported 
thatpesticide residue in water bodies and their accumulation 
in aquatic organisms may pose a risk to biodiversity of aquatic 
ecosystem. 

Avermectins (AVMs) are naturally synthetic compounds, 
produced from actinomycete Streptomyces avermitilisare 
extensively used as an insecticides to control insect pests 
particularly arthropods and nematodes (Zhang et al., 
2022; Pan et al., 2023; Du et al., 2023). In avermectin 
group, emamectin benzoate (EMB; 4″R)-4″-deoxy-4″-
(methylamino)-avermectin B1 benzoate)  is widely used 
as insecticides to control various pests in agriculture sector 
particularly lepidopteron pests (Mushtaq et al., 1996; Abou-
Zeidet al., 2018; Giang et al., 2025). EMB, a neurotoxic 
insecticide, act on the γ-aminobutyric acid (GABA) system 
of insects, activate chloride channel, disturb nerve conduction 
resulting paralysis and death of insects (Wolstenholme and 
Rogers, 2005; Gu et al., 2023). Due to high efficiency and 

DOI: http://dx.doi.org/10.24327/ijrsr.20251611.0108

Emamectin benzoate (EMB), a macrocyclic lactone insecticide, is extensively used to 
control insect pests in agriculture and management of parasites in aquaculture farms. 
Owing to its widespread application, EMB has been detected in soil and water samples 
throughout the world and raised environmental pollution concerns. Due to itshigh efficiency, 
persistence, residue and bioaccumulation properties, EMB has caused adverse effects on 
aquatic organisms. Thus, in the current study, the toxicity of EMB on marker enzymes of 
zebrafish (Danio rerio) was assessed. Zebrafish were exposed to environmentally relevant 
concentrations of EMB (0.05, 0.1 and 1.0 mg/L) for a period of 35 days and the changes 
in the aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activity were 
investigated in the liver and muscle of zebrafish. Results revealed a significant increase in 
AST and ALT activity in the liver and muscle of EMB exposed fish compared to control 
group. The alterations of enzymatic activity were found to be higher in liver compared to 
muscle. Throughout the study period, a dose-dependent elevation of enzyme (AST and ALT) 
activities was observed. The alterations of transaminases activity can be used as biomarkers 
for the monitoring of bio pesticides in the aquatic environment.
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prolonged residual activity, EMB is extensively utilized for the 
control of many pests both in agriculture sector, aquaculture 
farms and forestry (Fırat and Tutus, 2020; Xu et al., 2021; Gu 
et al., 2023). The entry of EMB from agricultural runoff, waste 
feed from aquaculture farm and accumulation in the various 
environmental matrixes may pose a risk to human health and 
aquatic organisms (Bloodworth et al.,2019; Temiz, 2020; 
Gu et al., 2023). Furthermore, the slow degradation of EMB 
may result in environmental persistence(Hamoutene et al., 
2023).EMB altered the normal physiological and biochemical 
systems of aquatic organisms such as fish (Julinta et al., 2020; 
Lu et al., 2022; Gu et al., 2025; Guo et al., 2025). However, 
studies on long-term effects of EMB on aquatic organisms are 
very limited. 

Fish serve as valuable bioindicators for assessing the 
toxicological impacts and safety concerns of environmental 
pollutants.To evaluate the toxicity caused by xenobiotics in 
fish, biochemical parameter monitoring is most frequently used 
in aquatic eco-toxicological investigations (Kumar et al., 2022; 
Nayak et al., 2023; Mohanthi et al., 2025). Biochemical stress 
indices are considered as potential biomarkers and are utilized 
as diagnostic tools to measure the effects of aquatic pollutants 
(Veedu et al., 2022; Hossinian et al., 2025). Furthermore, to 
evaluate the structural and functional changes of fish tissues 
under different stress scenarios, toxicity studies commonly use 
enzyme activities (Umamaheswari et al., 2019; Ramesh et al., 
2023). 

Enzymes such as aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT)play a vital role in carbohydrate and 
protein metabolism during stress condition. In the field of 
aquatic toxicology, alterations of these enzyme activities are 
commonly used to assess the health condition and organ/tissue 
damage of aquatic organisms such as fish (Firat et al., 2011; 
Umamaheswari et al., 2019; Shahzadi et al., 2024). BothALT 
and AST activities are commonly employed as liver specific 
enzymes and hepatotoxicity and histopathological changes can 
be easily measured within a short time (Bojarski et al., 2025).
Changes in the AST and ALT activity in various organ /tissues 
such as liver and muscle serve as vital biomarkers for assessing 
pesticide impacts on fish (Ramesh et al., 2024).

Studies on emamectin benzoate toxicity on aquatic organisms 
are still scarce, particularly in fish. In addition, most of the 
previous studies have reported the EMB toxicity on aquatic 
organisms at acute or short-term exposure;studies on chronic 
or long-term exposure are scanty (Guo et al., 2025). Hence, in 
the present investigation, the toxicity of emamectin benzoate 
on transaminase activity in liver and muscle of zebrafish was 
evaluated.  Zebrafish is widely used to assess the impacts of 
pollutants on the environment and human due to its highly 
genetically homologous to humans, high reproductive capacity, 
high egg production, spawning in all seasons and sensitivity 
to environmental pollutants (Patton et al., 2021; Mohanthi et 
al., 2025). In this study, we assessedlong-term exposure (35 
days) of EMB on AST and ALT activities on liver and muscle 
of a freshwater fish zebrafish Danio rerio at environmentally 
relevant concentrations (0.05 mg/L, 0.1 mg/L, and 1.0 mg/L). 
The findings of the present study may be used to monitor these 
pesticides in the aquatic environment. 

MATERIALS AND METHODS
Test compound 

Emamectin Benzoate, a formulation developed by Rilon, a 
subsidiary of Tata Company India Limited, was obtained from 
Shakti Agro Service Ltd., Coimbatore, India. AST-ALT – 
Enzyme kit was purchased from India Mart, manufactured by 
Proton Biological India Pvt Ltd, Bangalore, India.

Stock preparation

A stock solution was prepared by dissolving 1 g of emamectin 
benzoate in 1000 mL of distilled water, and a fresh solution 
was prepared for each experimental trial. Based on the desired 
exposure concentrations, the appropriate volumes of the stock 
solution were accurately added to the test tanks containing 
dechlorinated tap water.

Experimental animal collection and maintenance

Adult wild-type zebrafish (Danio rerio) were selected for the 
present study. Specimens were obtained from Siraco Fish 
Farm and acclimated for 15 days in glass aquaria containing 
dechlorinated tap water at the Toxicology Laboratory, 
Department of Zoology, Bharathiar University, Coimbatore, 
India. During the acclimation period, the fish were maintained 
under controlled laboratory conditions with a 12:12 h light-
dark photoperiod. Fish were fed with commercial pellets at ad 
libitum. In the present study, physic-chemical parameters of the 
water such as temperature, 27.3 ± 1.2 °C; dissolved oxygen, 6.5 
± 0.4 mg L¹; pH, 7.1 ± 0.24; and total hardness, 18.4 ± 2.1 mg 
L¹ was monitored daily and maintained at the constant level 
throughout the study period. Daily water renewal was carried 
out to ensure the removal of uneaten feed and metabolic waste. 
Following the acclimation period, zebrafish were maintained 
as stock for subsequent experimental procedures.

Experimental design for long-term toxicity in adult 
zebrafish 

For long-term exposure study, zebrafish were randomly 
assigned to four main groups, each comprising 125 individuals. 
Group 1 was maintained in emamectin benzoate (EMB)-
free freshwater and served as the control. The water pH was 
maintained at 7.2. Groups 2, 3, and 4 were exposed to 0.05, 
0.1, and 1 mg/L of EMB, respectively. The EMB was added 
following the removal of an equivalent volume of water. 
Feeding was discontinued 24 hours prior to the initiation of the 
experiment, which lasted for 35 days. Each group, including 
the control, was maintained in triplicate. Test media and 
treatment solutions were renewed every 24 hours throughout 
the experimental period. In the present study, the fish handling 
and experimental procedures were followed as per guidelines 
for the care and use of laboratory animals established by the 
organization for economic co-operation and development 
(OECD 36). Sampling was conducted at 7-day intervals (i.e., 
on days 7, 14, 21, 28, and 35) over the 35-day exposure period. 
No mortality was observed during the experimental duration. 
At each time point, tissue samples (liverand muscle) from both 
control and EMB-exposed fish were removed and processed 
for AST and ALT assay.

Sample preparation for AST and ALT assay 

Liver, and muscle were excised from control and EMB treated 
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groups and stored at ice cold condition. Then, 100 mg of liver, 
and muscle tissuesamples from control and EMB treated 
groupswere collected, subjected to homogenization with 
phosphate buffer saline (PBS). Then, the homogenates were 
centrifuged for 15 min at 5,000 rpm at 4 0C and the supernatant 
wascollected for enzymological (AST and ALT) assay. 

Metabolising enzymes 

AST and ALT activities were estimated in accordance with 
Reitman and Frankel (1957)method,using a commercial 
diagnostic kit,and in accordance with the manufacturer’s 
instructions. Briefly, a reaction mixture consisting of 50 µL 
of supernatant, 400 µL of reagent R1, and 100 µL of reagent 
R2 was prepared, mixed thoroughly, and incubated for 10 
seconds. The change in optical density (OD) was measured 
every 60 seconds over a 180-seconds period at 340 nm using 
a BioDrop spectrophotometer, with distilled water serving as 
the blank.For ALT activity, the same procedure was followed. 
The supernatant (50 µL) was combined with 400 µL of reagent 
R1 and 100 µL of reagent R2, mixed well, and incubated for 
10 seconds. The change in OD was recorded every 60 seconds 
over a 240-seconds period at 340 nm, using distilled water as 
the blank.

Statistical analysis

The significance between control and emamectin benzoate 
(EMB) exposed groupswere calculated using one wayanalysis 
of variance (ANOVA) and Dunnett’s post hoc tests. IBM SPSS 
software for Windows, version 16.0 was used for statistical 
analysis. Results are expressed as mean ± SE.The significance 
was kept at p < 0.001.

RESULTS
In the present study, zebrafish were exposed to different 
concentrations (0.05 mg/L, 0.1 mg/L, and 1.0 mg/L) of 
emamectin benzoate (EMB) for a period of 35 days and 
alterations of AST and ALT activities in the liver and muscle 
tissues were studied. During the study period the activity 
of both AST and ALT in the liver and muscle tissues was 
significantly elevated. 

AST activity in liver

The AST activity in liver tissue of EMB treated fish was found 
to be increased significantly (P< 0.001) when compared to the 
control group (Fig.1).The AST activity was gradually increased 
as the exposure period extended, resulting in a maximum 
percent increase of 44. 21, 64. 36and 68.01at the end of the 
35th day at 0.05 mg/L, 0.1 mg/L, and 1.0 mg/L concentrations, 
respectively. Throughout the study period, a concentration-
dependent enzyme activity wasnoticed in both the tissues. 

AST activity in muscle 

The AST activity in muscle tissue was zebrafish was 
decreased significantly (P < 0.001) after exposure to different 
concentrations of EMB compared to control group (Fig. 2). The 
significant increase in AST activity was found to be increased 
unto 28th day and then slightly recovered. The decrease in AST 
activity in muscle was found to be concentration dependent.

ALT activity in liver

The ALT activity in liver tissue was increased significantly (P< 

0.001) in EMB treated groups in all the concentrations (Fig. 
3).The elevation of ALT activity in liver tissue was directly 
proportional to the exposure period showing a per cent increase 
of 45.96, 78.50 and 86.98 at the end of 35th day in 0.05, 0.1 and 
1 mg/L of EMB treated groups, respectively. 

Fig. 1.  AST activity in the liver of Danio rerio after exposure 
to different concentrations of EMB (0.05, 0.1 and 1 mg/L) 
for 35 days. All values are mean ± SE.***indicate statistical 
differences at the 0.001 significance level. 

Fig. 2.  AST activity in the muscle of adult zebrafish exposed 
to emamectin benzoate (0.05, 0.1 and 1 mg/L) for 35 days. 
Data were presented as mean ± SE. Statistically significant (P< 
0.001) differences between control and EMB treated groups 
are indicated with an *** mark. 

Fig. 3.  ALT activity in the liver of adult zebrafish exposed 
for 35 days to different concentrations (0.05, 0.1 and 1 mg/L) 
of emamectin benzoate. Data are reported as mean ± SE. 
***significant at P < 0.001.

ALT activity in muscle 

The alterations in the ALT activity in the muscle tissue of 
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zebrafish exposed to emamectin benzoate (0.05, 0.1 and 1 
mg/L) for 35 days is given in Fig. 4. The data obtained in 
the present study indicate that emamectin benzoate induced 
significantincrease in ALT activity in the muscle tissue 
compared to the control. The significant increase in the ALT 
activity was related to emamectin benzoate dose through the 
exposure period (35 days).

Fig. 4. ALT activity in the muscle of adult zebrafish exposed to 
emamectin benzoate (0.05, 0.1 and 1 mg/L) for 35 days. Data 
are reported as mean ± SE. ***significant at P < 0.001.

DISCUSSION 
Around the world, pesticides are sprayed freely and carelessly, 
and eventually they wind up in aquatic bodies through direct 
application, surface run-off and leaching from agricultural 
fields, or industrial effluent discharge(Rohani, 2023). In the 
aquatic environment, pesticides are considered the most 
potent(Abd El Megidet al., 2020) andbioaccumulate in fish 
and aquatic speciesthrough contaminated water and affect the 
aquatic organisms directly or indirectly (Veedu et al., 2022; 
Nayak et al., 2023; Li et al., 2025). 

Biopesticides typically exhibit efficacy comparable to that 
of synthetic pesticides. Emamectin benzoate (EMB), a 
biopesticide, isolated from soil microorganism isused in 
agriculture and forestry due to its broad-spectrum insecticidal 
properties and prolonged residual activity(Guo et al., 2025). 
In addition, EMB is widely used in aquaculture to control 
parasitic infestations and crustacean ectoparasites (Xu et al., 
2021; Gu et al., 2023; Rigos et al., 2024). EMB is ranked 
among the top-selling pesticides worldwide because of its 
widespread usage (Tan et al., 2020).The widespread usage of 
EMB can enter the aquatic environment which results in the 
detection of these pesticides in water bodies. For example, 
EMB has been detected insediments adjacent to salmon 
aquaculture farms (Cheng et al., 2020) and in surface waters 
of in many countries (Tan et al., 2021).The compound EMB 
exhibits slow degradation in the aquatic environments which 
result in persistence of EMB in the environment (Hamoutene 
et al., 2023). Shi et al.(2024) has reported that EMB shows 
bio-accumulative properties, with an elimination half-life of 
14 days in fish. As a result, increased attention has been given 
to the detection and its toxicity to aquatic organisms. 

Fish serve as valuable bioindicators for assessing the 
toxicological impacts and safety concerns of environmental 
pollutants such as pesticides. Recently, zebrafish (Danio 

rerio) have been increasingly employed as bioindicators 
in toxicological research due to their small size, ease of 
laboratory maintenance (Qi et al., 2017; Yang et al., 2018), 
and its similarities with humans genomes (Zhao et al., 2020). 
To evaluate the adverse effect of environmental contaminants 
in fish, biochemical biomarkers are commonly used in 
aquatic eco-toxicological investigations (Poopal et al., 2020; 
Kumar et al., 2022; Ramesh et al., 2024). Changes in enzyme 
activities can provide valuable insights into fish populations’ 
health status(EL‑Gendy et al., 2025). Generally,ASTand 
ALTare commonly used as enzymatic biomarkers to assess the 
structural and functional changes of fish under pesticide stress 
conditions (Kumar et al., 2022; Banaee et al., 2023). 

AST catalyzes the interconversion of aspartate and 
α-ketoglutarate to oxaloacetate and glutamate and is present in 
the organs/tissue such as liver, brain, heart, kidney muscle etc. 
Generally, the enzyme ALT catalyzes the transfer of an amino 
group from L-alanine to α –ketoglutarate and is found in serum 
and in various organ/tissues.AST and ALT can be used as critical 
markers of chemical induced toxicity in liver. Furthermore, 
the impact of pesticide toxicity on aquatic organisms can be 
assessed bymeasuring these enzyme activities in key tissues of 
fish (Kumar et al., 2022).Fish liver, the most important organ 
of essential metabolic pathways and  rich in transaminaseshas a 
highsensitive to environmental contaminants (Gül et al.,2004; 
Rohani, 2023)and plays an important role in purifying the 
toxic chemicals in blood by changing their chemical structure 
(Soufy et al., 2007).EL‑Gendy et al., (2025) has reported 
that the cells of liver and membrane may be damaged during 
biotransformation of toxicants. 

Pesticide toxicity has been shown to enhance AST and ALT 
activities in the vital tissues of fish species such as C. mrigala 
(Ghayyur et al., 2021) and L. rohita (Nayak et al., 2023). 
The significant increase of AST and ALT activity reflects 
increased energy production through the conversion of amino 
acids into intermediates of the tricarboxylic acid via oxidative 
deamination and active transamination processes, utilizing 
glucose during stress condition (Al-Ghanim et al., 2012; 
Nayak et al., 2023). In the present investigation, zebrafish 
exposed to EMB showed noticeably higher levels of AST and 
ALT activity in the liver and muscle tissue of zebrafish than 
the control group, indicating the hepatic damage due to EMB 
toxicity. Similar observation have been reported in rat liver 
exposed to abamectin(Hsu et al., 2001; Wolstenholme and 
Rogers, 2005;Khaldoun Oularbi et al., 2013). 

The elevation of transaminase levels in the liver indicates 
potential hepatic impairment or alterations in carbohydrates 
and protein metabolism due to toxicity of chemical substances 
(Ogueji et al., 2020; EL‑Gendy et al., 2025; Mansour et al., 
2025). Elevation of AST and ALT activities in the tissue or 
organ such as liver, kidney, muscle and gill indicate even minor 
cellular damage (Das et al., 2004). Incypermethrin exposed 
fish Catla catla, ALT activity was found to be increased in 
the liver tissue indicating increased protein catabolism and 
hepatocellular damage (Vani et al.,2012). Alterations in the 
liver enzymes due to pesticide toxicity may be due to formation 
of reactive intermediates that can damage cellular components 
or oxidative stress or endocrine disruption (Sharafeldin and 
Nagy, 2015). 
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Furthermore, oxidative stress caused by pesticides may also 
cause an elevation of AST and ALT activity (Li et al., 2021). In 
the present study, the elevation of AST and ALT activity in the 
EMB exposed fish might be due to accumulation of EMB in 
the liver and muscle tissue of fish resulting in damage to these 
organs/tissue or an attempt to meet the energy demand caused 
by EMB toxicity. We conclude that alterations in AST and ALT 
activity in liver and muscle of EMB treated fish may be due to 
damage to these organs which in turn affect the survival and 
growth of aquatic organisms such as fish.  

CONCLUSION
In the present investigation EMB exposure alters the AST 
and ALT activities in the liver and muscle of zebrafish at 
environmentally relevant concentrations. The alteration in the 
AST and ALT activity was higher in liver tissue followed by 
muscle which may be due to its role in detoxification of the 
pollutants. The changes in the activity of transaminases can 
be employed as potential biomarkers for the monitoring of 
pesticides in the aquatic environment. 

References

1.	 Abd El Megid, A., Abd Al Fatah, M.E., El Asely, A., El 
Senosi, Y., Moustafa, M.M., & Dawood, M.A. (2020). 
Impact of pyrethroids and organochlorine pesticides res-
idue on IGF-1 and CYP1A genes expression and muscle 
protein patterns of cultured Mugil capito. Ecotoxicolo-
gy and Environmental Safety,  188,109876. https://doi.
org/10.1016/j.ecoenv.2019.109876.

2.	 Abou-Zeid, S.M., AbuBakr, H.O., Mohamed, M.A. & 
El-Bahrawy, A. (2018). Ameliorative effect of pump-
kin seed oil against emamectin induced toxicity in 
mice.  Biomedicine & Pharmacotherapy,  98, 242-251. 
DOI: 10.1016/j.biopha.2017.12.040.

3.	 Al-Ghanim, K.A. (2012). Acute toxicity and effects of 
sub-lethal malathion exposure on biochemical and hae-
matological parameters of Oreochromis niloticus. Scien-
tific Research and Essays, 7(16), 1674-1680. https://doi.
org/10.5897/SRE12.039.

4.	 Banaee, M., Badr, A.A., Multisanti, C.R., Haghi, B.N. & 
Faggio, C. (2023). The toxicity effects of the individual 
and combined exposure of methyl tert-butyl ether (MTBE) 
and tire rubber powder (RP) on Nile tilapia fish (Oreo-
chromis niloticus). Comparative Biochemistry and Phys-
iology Part C: Toxicology & Pharmacology, 274,109759. 
https://doi.org/10.1016/j.cbpc.2023.109759.

5.	 Bloodworth, J.W., Baptie, M.C., Preedy, K.F. & Best, J. 
(2019). Negative effects of the sea lice the repentant ema-
mectin benzoate at low concentrations on benthic com-
munities around Scottish fish farms. Science of the Total 
Environment, 669,91-102. https://doi.org/10.1016/j.sci-
totenv.2019.02.430.

6.	 Bojarski, B., Witeska, M. & Kondera, E. (2025). Blood 
biochemical biomarkers in fish toxicology—A Re-
view.  Animals,  15(7), 965.  https://doi.org/10.3390/
ani15070965.

7.	 Cheng, B., Van Smeden, J., Deneer, J., Belgers, D., 
Foekema, E., Roessink, I., Matser, A. & Van den Brink, 
P.J. (2020). The chronic toxicity of emamectin benzo-
ate to three marine benthic species using microcosms.
Ecotoxicology and Environmental Safety,194, 110452. 
https://doi.org/10.1016/j.ecoenv.2020.110452.

8.	 Das, B.k., Nayak, K. K. &Kumar, V. (2004). Alteration 
of haematological and biochemical biomarkers after 
sub-lethal chronic malathion (Elathion®) intoxication in 
freshwater fish, Labeorohita (Hamilton, 1822). Compar-
ative Biochemistry and Physiology Part C: Toxicology 
& Pharmacology, 277,109844.https://doi.org/10.1016/j.
cbpc.2024.109844.

9.	 Du, W., Wang, X., Wang, L., Wang, M. and Liu, C. (2023). 
Avermectin induces cardiac toxicity in early embryonic 
stage of zebrafish. Comparative Biochemistry and Physi-
ology Part C: Toxicology & Pharmacology, 264,109529. 
DOI: 10.1016/j.cbpc.2022.109529.

10.	El-Gendy., K.S., Mosallam, E.M., Abd El-Kader, A.S., 
Abdel Monem, A.I. &Radwan, M.A.(2025). Single and 
joint toxicity of ethoprophos and bispyribac-sodium to 
Oreochromis niloticus: biochemical and genotoxic re-
sponses. Fish Physiology and Biochemistry, 51(3),1-16.
https://doi.org/10.1007/s10695-025-01490-2.

11.	Fırat, Ö. &Tutus, R. (2020). Comparative acute toxicity 
assessment of organophosphate and avermectin insecti-
cides on a freshwater fish Oreochromis niloticus.  Bul-
letin of  Environmental Contamination  and  Toxicology, 
105(4),582-587. https://doi.org/10.1007/s00128-020-
02990-y.

12.	Fırat, Ö., Cogun, H.Y., Yüzereroğlu, T.A., Gök, G., Fırat, 
Ö., Kargin, F. & Kötemen, Y. (2011). A comparative 
study on the effects of a pesticide (cypermethrin) and 
two metals (copper, lead) to serum biochemistry of Nile 
tilapia, Oreochromis niloticus. Fish Physiology and Bi-
ochemistry,  37(3), 657-666.DOI:  10.1007/s10695-011-
9466-3.

13.	Gabriel, U.U., Jack, I.R., Egobueze, E. & Edori, O.S. 
(2011). Impact of cypermethrin on selected enzymes in 
tissues of Heterobranchus bidorsalis. West African Jour-
nal of Applied Ecology,  18, 121-127.DOI:10.4314/wa-
jae.v18i1.70315.

14.	Gabriel, U.U., Edori, O.S. & Ogbu, M.O. (2012). Plasma 
and organ biochemistry Clarias gariepinus exposed to 
monoaromatic, toluene.  Animal Research Internation-
al, 9(3), 1645 – 1653.

15.	Giang, N.V., Trung, T.H., Trang, N.T.T., Tham, D.Q., 
Mai, T.T. & Huong, N.T. (2025). Slow-release pesti-
cide microparticles from polylactic acid and emamectin 
benzoate: preparation and characteristics. RSC advanc-
es,  15(42), 34948-34959. https://doi.org/10.1039/D5R-
A03833B.

16.	Ghayyur, S., Khan, M.F., Tabassum, S., Ahmad, M.S., 
Sajid, M., Badshah, K., Khan, M.A., Ghayyur, S., Khan, 
N.A., Ahmad, B. &Qamer, S. (2021). A comparative 
study on the effects of selected pesticides on hemato-bio-
chemistry and tissue histology of freshwater fish Cirrhi-
nus mrigala (Hamilton, 1822). Saudi Journal of Biolog-
ical Sciences, 28(1), 603-611. https://doi.org/10.1016/j.
sjbs.2020.10.049.

17.	Gu, J., Guo, L., Zhu, Y., Qian, L., Shi, L., Zhang, H. & Ji, 
G. (2023). Neurodevelopmental toxicity of emamectin 
benzoate to the early life stage of zebrafish larvae (Da-
nio rerio).  International Journal of Molecular Sciences, 
24(4), 3757. https://doi.org/10.3390/ijms24043757.

18.	Gu, J., Shen, Y., Guo, L., Chen, Z., Zhou, D., Ji, G. & 
Gu, A. (2025). Investigation of the mechanisms of liver 
injury induced by emamectin benzoate exposure at en-
vironmental concentrations in zebrafish: A multi-omics 
approach to explore the role of the gut-liver axis. Jour-



Long-term exposure toemamectin benzoate induces alterations in transaminase activity in zebrafish (Danio Rerio)

591 www.recentscientific.com

nal of Hazardous Materials,  491,138008.https://doi.
org/10.1016/j.jhazmat.2025.138008.

19.	Gül, Ş., Belge-Kurutaş, E., Yıldız, E., Şahan, A. and 
&Doran, F. (2004). Pollution correlated modifications 
of liver antioxidant systems and histopathology of fish 
(Cyprinidae) living in Seyhan Dam Lake, Turkey.  En-
vironment International,  30(5), 605-609.https://doi.
org/10.1016/S0160-4120(03)00059-X

20.	Guo, L., Gu, J., Yuan, W., Hu, J., Zhang, X. & Ji, G. 
(2025). Long-term exposure to emamectin benzoate 
impairs reproductive health in adult zebrafish and al-
ters neurodevelopment in their offspring.  Journal of 
Hazardous Materials,  486,137007.DOI:  10.1016/j.jhaz-
mat.2024.137007

21.	Hamoutene, D., Kingsbury, M., Davies, J., Le, A., Blais, 
D.R. &Gagnon, M. (2023). The persistence of emamec-
tin benzoate in marine sediments with different organ-
ic matter regimes, temperature conditions, and antibi-
otic presence.  Marine Pollution Bulletin, 197, 115714. 
https://doi.org/10.1016/j.marpolbul.2023.115714.

22.	Hossinian, M., Banaee, M., Haghi, B.N., Gholamhoss-
ini, A., Multisanti, C.R. &Faggio, C. (2025). Individual 
and combined effects of dichlorvos and nano-polysty-
rene on oxidative stress and biochemical parameters in 
the freshwater fish Barbus sharpeyi. Emerging Contami-
nants,100586.DOI:10.1016/j.emcon.2025.100586.

23.	Hsu, D.Z., Hsu, C.H., Huang, B.M. &Liu, M.Y. (2001). 
Abamectin effects on aspartate aminotransferase and 
nitric oxide in rats. Toxicology.165: 189.DOI: 10.1016/
s0300-483x(01)00434-6.

24.	Humtsoe, N., Dawoodi, R., Kulkarni, B., Chavan, B. 
(2007). Effect of arsenic on the enzymes of the rohu carp, 
Labeo rohita (Hamilton, 1822). Raffles Bulletin of Zool-
ogy, 4, 17-19.

25.	Julinta, R.B., Abraham, T.J., Roy, A., Singha, J., Bard-
han, A., Sar, T.K., Patil, P.K. &Kumar, K.A. (2020). 
Safety of emamectin benzoate administered in feed to 
Nile tilapia Oreochromis niloticus (L.).  Environmental 
Toxicology and Pharmacology,  75, 103348. https://doi.
org/10.1016/j.etap.2020.103348.

26.	Khaldoun Oularbi, H., Richeval, C., Djennas, N., Lher-
mitte, M., Hum-bert, L., Baz, A. (2013). Effect of sub-
acute exposure to abamectin ‘‘insecticide’’ on liver rats 
Rattus norvegicus. Annales de Toxicologie Analytique, 
25(2), 63 -70.DOI:10.1051/ata/2013039.

27.	Khoshnood, Z. (2024). A review on toxic effects of 
pesticides in zebrafish, Danio rerio and common carp, 
Cyprinus carpio, emphasising atrazine herbicide. Toxi-
cology Reports, 13,101694.https://doi.org/10.1016/j.tox-
rep.2024.101694.

28.	Kumar, V., Swain, H.S., Das, B.K., Roy, S., Upadhyay, 
A., Ramteke, M.H., Kole, R.K. & Banerjee, H. (2022). 
Assessment of the effect of sub-lethal acute toxicity 
of emamectin benzoate in Labeo rohita using multiple 
biomarker approach.Toxicology Reports,  9, 102-110. 
https://doi.org/10.1016/j.toxrep.2022.01.001.

29.	Li, W., Mao, X., Deng, W. &Wang, S. (2025). Prediction 
of pesticide runoff at the global scale and its key influ-
encing factors. Journal of Hazardous Materials, 138783. 
https://doi.org/10.1016/j.jhazmat.2025.138783.

30.	Li, Y., Ran, C., Wei, K., Xie, Y., Xie, M., Zhou, W., Yang, 
Y., Zhang, Z., Lv, H., Ma, X. & Zhou, Z. (2021). The 
effect of Astragalus polysaccharide on growth, gut and 
liver health, and anti-viral immunity of zebrafish. Aq-

uaculture,  540,736677https://doi.org/10.1016/j.aquacul-
ture.2021.736677.

31.	Lu, J., Wang, W., Xu, W., Zhang, C., Zhang, C., Tao, L., 
Li, Z. & Zhang, Y. (2022). Induction of developmental 
toxicity and cardiotoxicity in zebrafish embryos by ema-
mectin benzoate through oxidative stress. Science of the 
Total Environment,  825, 154040.DOI:  10.1016/j.scito-
tenv.2022.154040.

32.	Mansour, A.M., Nossair, M.A., Ibrahim, E.S.E., Abd-
elaziz, R.A., Althobaiti, F., Alotaibi, K.S., Albattal, S.B., 
Marzouk, M.A., Soliman, M.M. & Abd El-Maksoud, 
E.M. (2025). Exploring the toxicity of thiamethoxam on 
aquatic ecosystems: an overarching assessment of bio-
chemical parameters, genotoxicity, fish flesh residues 
and histological alterations in Nile tilapia. Environmen-
tal Pollutants and Bioavailability, 37(1),2493050.https://
doi.org/10.1080/26395940.2025.2493050.

33.	Mohanthi, S., Gayathri, M., Sutha, J., Haripriya, S., 
Kadirvelu, K. & Ramesh, M. (2025). Effects of sub 
chronic exposure to environmentally relevant concentra-
tions of a selective serotonin reuptake inhibitor (SSRI) 
citalopram in the adult zebrafish brain: biochemical 
markers, expression of antioxidant enzyme genes and 
histological abnormalities.  Process Safety and Envi-
ronmental Protection, 107767.https://doi.org/10.1016/j.
psep.2025.107767.

34.	Mostafalou, S. &Abdollahi, M. (2012). Concerns of en-
vironmental persistence of pesticides and human chronic 
diseases. Clinical and Experimental Pharmacology, 2(3), 
1000 -108. DOI: 10.4172/2161-1459.S5-e002.

35.	Mushtaq, M., Syintsakos, L. R., Krieter, P. A., Colletti, 
A., Arison, B., Crouch, L. S. &Wislocki, P. G. (1996). 
Absorption, tissue distribution, excretion, and metabo-
lism of 3H- and 14C-labeled emamectin benzoate in rats. 
Journal of Agricultural  and Food Chemistry, 44, 3342-
3349. https://doi.org/10.1021/jf960034j.

36.	Nayak, S., Das, S., Kumar, R., Das, I.I., Mohanty, A.K., 
Sahoo, L., Gokulakrishnan, M. & Sundaray, J.K. (2023). 
Biochemical and histopathological alterations in fresh-
water fish, Labeo rohita (Hamilton, 1822) upon chronic 
exposure to a commonly used hopper insecticide, tri-
flumezopyrim. Chemosphere, 337,139128. https://doi.
org/10.1016/j.chemosphere.2023.139128.

37.	Temiz, Ö. (2020). Biopesticide emamectin benzoate 
in the liver of male mice: evaluation of oxidative tox-
icity with stress protein, DNA oxidation, and apoptosis 
biomarkers.  Environmental Science and Pollution Re-
search, 27(18), 23199-23205.DOI: 10.1007/s11356-020-
08923-w.

38.	Ogueji, E., Nwani, C., Mbah, C., Iheanacho, S. & Nweke, 
F. (2020). Oxidative stress, biochemical, lipid peroxi-
dation, and antioxidant responses in Clarias gariepinus 
exposed to acute concentrations of ivermectin. Environ-
mental Science and Pollution Research,  27(14),16806-
16815.DOI: 10.1007/s11356-019-07035-4.

39.	Pan, E., Chen, H., Wu, X., He, N., Gan, J., Feng, H., Sun, 
Y. & Dong, J. (2023). Protective effect of quercetin on 
avermectin induced splenic toxicity in carp: resistance to 
inflammatory response and oxidative damage. Pesticide 
Biochemistry and Physiology, 193, 105445. https://doi.
org/10.1016/j.pestbp.2023.10544.

40.	Patton, E.E., Zon, L.I. & Langenau, D.M. (2021). Ze-
brafish disease models in drug discovery:from preclin-
ical modelling to clinical trials. Nature  Reviews  Drug 



International Journal of Recent Scientific Research Vol. 16, Issue, 11, pp. 586-593, November 2025

592www.recentscientific.com

Discovery, 20, 611–628. DOI:  10.1038/s41573-021-
00210-8.

41.	Poopal, R.K., Zhang, J., Zhao, R., Ramesh, M. & Ren, 
Z. (2020). Biochemical and behavior effects induced 
by diheptyl phthalate (DHpP) and diisodecyl phthalate 
(DIDP) exposed to zebrafish. Chemosphere, 252,126498.
DOI: 10.1016/j.chemosphere.2020.126498.

42.	Qi, L., Ma, J., Song, J., Li, S., Cui, X., Peng, X., Wang, 
W., Ren, Z., Han, M., Zhang, Y. (2017). The physiological 
characteristics of zebra fish (Danio rerio) based on metab-
olism and behavior: a new method for the online assess-
ment of cadmium stress. Chemosphere 84, 1150–1156.  
https://doi.org/10.1016/j.chemosphere.2017.06.044.

43.	Ramage, C.I., Dos Santos, R.A.L., Lisa, Y., Johnson, M.F. 
& Vane, C.H. (2025). Widespread pesticide pollution in 
two English river catchments of contrasting land-use: 
from sediments to fish. Environmental Pollution,126371.
https://doi.org/10.1016/j.envpol.2025.126371.

44.	Ramesh, M., Selvaraju, S.G., Poopal, R.K., Ren, Z. & Li, 
B. (2024). Impact of continuous Triazophos exposure on 
Labeo rohita: Physiological, biochemical, and histolog-
ical alterations and IBRv2 index assessment. Pesticide 
Biochemistry and Physiology, 204,106043.https://doi.
org/10.1016/j.pestbp.2024.106043.

45.	Ramesh, M., Bindu, C.F., Mohanthi, S., Hema, T., Poopal, 
R.K., Ren, Z. & Li, B. (2023). Efficiency of hematolog-
ical, enzymological and oxidative stress biomarkers of 
Cyprinus carpio to an emerging organic compound (al-
phamethrin) toxicity.  Environmental Toxicology and 
Pharmacology,  101, 104186.https://doi.org/10.1016/j.
etap.2023.104186.

46.	Reitman, S. &Franckel, S. (1957). A colorimetric method 
for the determination of glutamicoxaloacetic and glutam-
ic-pyruvate transaminases. American Journal of Clinical 
Pathology, 28, 56-63.DOI: 10.1093/ajcp/28.1.56.

47.		Rigos, G., Padros, F., Golomazou, E. &Zarza, C. (2024). 
Antiparasitic approaches and strategies in European 
aquaculture, with emphasis on Mediterranean marine 
finfish farming: Present scenarios and future visions.
Reviews in Aquaculture, 16(2), 622-643. https://doi.
org/10.1111/raq.12857.

48.	Rohani, M.F. (2023). Pesticides toxicity in fish: His-
topathological and hemato-biochemical aspects–A re-
view.  Emerging Contaminants,  9(3),100234.https://doi.
org/10.1016/j.emcon.2023.100234.

49.	Sharafeldin, K., Abdel-Gawad, H., Ramzy, E., Sweilum, 
M. & Nagy, M. (2015). Harmful impact of profenofos 
on the physiological parameters in Nile tilapia, Oreo-
chromis niloticus. International Journal of Basic and Ap-
plied Science, 4(1), 9-26. https://doi.org/10.14419/ijbas.
v4i1.3832.

50.	Shahzadi, M., Ahmad, S., Tanique, H., Akmal, H., Ditta, 
A., Ali, S., Akram, I. &Shahzad, K. (2024). Protective 
effects of Moringa oleifera against carbofuran induced 
toxicity in fish (Labeo rohita): Insight into hematobio-
chemical, histology, oxidative and antioxidant biomark-
ers. Kuwait Journal of Science, 51(3),100249.https://doi.
org/10.1016/j.kjs.2024.100249.

51.	Shi, X., Xu, T., Gao, M., Bi, Y., Wang, J., Yin, Y. &Xu, S. 
(2024). Combined exposure of emamectin benzoate and 
microplastics induces tight junction disorder, immune 
disorder and inflammation in carp midgut via lysosome/
ROS/ferroptosis pathway. Water Research, 257, 121660. 
https://doi.org/10.1016/j.watres.2024.121660.

52.	Soufy, H., Soliman, M.K., El-Manakhly, E.M. & Gaafar, 
A.Y. (2007). Some biochemical and pathological inves-
tigations on monosex tilapia following chronic exposure 
to carbofuran pesticide.Global Veterinaria,  1(1), 45-52. 
http://www.idosi.org/gv/gv1(1)07/7.pdf.

53.	Tan, H., Li, Q., Zhang, H., Wu, C., Zhao, S., Deng, X. 
&Li, Y. (2020). Pesticide residues in agricultural topsoil 
from the Hainan tropical riverside basin: Determination, 
distribution, and relationships with planting patterns and 
surface water.  Science  of the  Total Environment,  722, 
137856.https://doi.org/10.1016/j.scitotenv.2020.137856.

54.	Tan, H., Zhang, H., Wu, C., Wang, C. and Li, Q. (2021). 
Pesticides in surface waters of tropical river basins drain-
ing areas with rice–vegetable rotations in Hainan, Chi-
na: Occurrence, relation to environmental factors, and 
risk assessment. Environmental Pollution, 283, 117100.
https://doi.org/10.1016/j.envpol.2021.117100.

55.	Temiz, Ö. (2020). Experimental study on the evaluation 
of ionoregulation enzymes, heat shock protein, DNA 
oxidation and apoptosis in male mice heart tissue in ex-
posure of emamectin benzoate. EC Pharmacol. Toxicol, 
8(3),01-08.

56.	Ullah, I., Wazir, S., Abbas, N., Naeem, M., Abdullah, 
K., Mahmood, Z., Rashid, M.U. & Hafez, A.M. (2021). 
Monitoring of field-evolved resistance to flonicamid, 
neonicotinoid, and conventional insecticides in the Ox-
ycarenus hyalinipennis costa. Environmental Monitoring 
and Assessment, 193(7), 382.DOI: 10.1007/s10661-021-
09158-z.

57.	Umamaheswari, S., Renuka, S.S., Ramesh, M. &Poopal, 
R.K. (2019). Chronic amoxicillin exposure affects Labeo 
rohita: assessment of hematological, ionic compounds, 
biochemical, and enzymological activities. Heliyon, 5(4)
https://doi.org/10.1016/j.heliyon.2019.e01434.

58.	Vani, T., Saharan, N., Roy, S.D., Ranjan, R., Pal, A.K., 
Siddaiah, G.M. & Kumar, R. (2012). Alteration in 
haematological and biochemical parameters of Catla-
catla exposed to sub-lethal concentration of cyperme-
thrin.  Fish Physiology and Biochemistry,  38(6), 577-
1584.DOI: 10.1007/s10695-012-9650-0.

59.	Veedu, S.K., Ayyasamy, G., Tamilselvan, H. &Ramesh, 
M. (2022). Single and joint toxicity assessment of aceta-
miprid and thiamethoxam neonicotinoids pesticides on 
biochemical indices and antioxidant enzyme activities of 
a freshwater fish Catlacatla. Comparative Biochemistry 
and Physiology Part C: Toxicology & Pharmacology, 257, 
109336.https://doi.org/10.1016/j.cbpc.2022.109336.

60.	Wang, Y., Wang, A., Wang, C., Cui, B., Sun, C., Zhao, 
X., Zeng, Z., Shen, Y., Gao, F., Liu, G. & Cui, H. (2017). 
Synthesis and characterization of emamectin-benzoate 
slow-release microspheres with different surfactants. 
Scientific Reports, 7(1), p.12761.https://doi.org/10.1038/
s41598-017-12724-6

61.	Wolstenholme, A.J. & Rogers, A.T. (2005). Gluta-
mate-gated chloride channels and the mode of ac-
tion of the avermectin/milbemycin anthelmint-
ics.  Parasitology,  131(S1), S85-S95.DOI:  10.1017/
S0031182005008218.

62.	Xu, Z., Bai, J., Li, L., Liang, L., Ma, X. &Ma, L. (2021). 
Sublethal concentration of emamectin benzoate inhibits 
the growth of gypsy moth by inducing digestive dys-
function and nutrient metabolism disorder. Pest Manage-
ment Science, 77(9),4073-4083. https://doi.org/10.1002/
ps.6432.



Long-term exposure toemamectin benzoate induces alterations in transaminase activity in zebrafish (Danio Rerio)

593 www.recentscientific.com

63.	Yang, M.Y., Ren, B.G., Qiao, L.L., Ren, B.X., Hu, Y.Y., 
Zhao, R.B., Ren, Z.M. &Du, J. (2018). Behavior re-
sponses of zebrafish (Danio rerio) to aquatic environ-
mental stresses in the characteristic of circadian rhythms. 
Chemosphere 210, 129–138. https://doi: 10.1016/j.
chemosphere.2018.07.018.

64.	Zhang, T., Dong, Z., Liu, F., Pan, E., He, N., Ma, F., Wu, 
X., Wang, Y. & Dong, J. (2022). Non-target toxic effects 
of avermectin on carp spleen involve oxidative stress, in-
flammation, and apoptosis. Pesticide Biochemistry and 

Physiology,  187,105190.https://doi.org/10.1016/j.pest-
bp.2022.105190.

65.	Zhao, R., Hu, Y., Li, B., Chen, M. &Ren, Z. (2020). Po-
tential effects of internal physio-ecological changes on 
the online biomonitoring of water quality: The behavior 
responses with circadian rhythms of zebrafish (Danio re-
rio) to different chemicals.  Chemosphere,  239,124752.
https://doi.org/10.1016/j.chemosphere.2019.124752.

How to cite this article: 
Shanmugam Sangeetha et al. (2025).Long-term exposure toemamectin benzoate induces alterations in transaminase activity in 
zebrafish (Danio Rerio). Int J Recent Sci Res.16(11), pp.586-593. 

*******


