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Abstract 

This investigation sought to comprehensively evaluate the protective properties of Milk Thistle seeds against Supracide-
induced oxidative stress in the Marbled Spinefoot fish. Liquid chromatography–mass spectrometry (LC–MS) was employed 
to identify metabolites present in Silybum marianum seeds. The LC50 value of organophosphorous insecticide was 
determined as 7.5 μg L-1 through a 24-hour bath exposure. The experimental setup involved a 14-day dietary 
supplementation of S. marianum seeds followed by exposure to the determined Supracide LC50. Various physiological 
parameters, including lipid degradation, Alanine aminotransferase (ALT), Lactate dehydrogenase (LDH), and Total 
cholesterol (T.ch) levels, were measured to assess fish health and stress. Additionally, histopathological examinations were 
conducted on the hepatopancreas tissues of both normal and stressed fish. The obtained results indicated significant increases 
(P<0.05) in serum ALT and LDH activities in the group of fish exposed to the toxin. Moreover, the levels of lipid 
peroxidation products in hepatopancreas homogenates were significantly higher (P<0.05) in the exposed fish group, except 
for total cholesterol, which exhibited a significant decrease. Histological analysis further revealed notable tissue 
modifications in the examined organs, while the control group of fish exhibited normal appearance. Taken together, these 
findings suggest that Milk thistle seeds may possess protective effects against Supracide-induced oxidative stress in 
challenged S. rivulatus fish. As a result, this study provides valuable insights into potential alternative ameliorating agents 
for addressing aquaculture contamination caused by organophosphate insecticides. 
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1. Introduction 

Aquaculture production is a crucial contributor in 
meeting the global demand for fish food, providing more 
than 46.8% of the total supply (FAO, 2020). Aquaculture 
production is susceptible to contamination, resulting in 
significant losses. However, contaminants originating from 
industrial chemicals that kill insects, rodents, pests, fungi, 
and their byproducts raise concerns about the potential 
health risks for aquatic organisms (Tudi et al., 2021). In 
particular, insecticides are highly impactful environmental 
contaminants that have been increasingly released into the 
environment in recent decades (Rad et al., 2022).  
Synthetic insecticides, has raised concerns about their 
impact on non-target organisms, particularly aquatic life. 
Among the synthetic insecticides, organophosphates (OPs) 
have gained attention due to their high toxicity and 
potential threat to the environment (Mali et al., 2023).The 
inhibition of acetylcholinesterase by OPs is well-
established and explains their acute neurotoxic effects. 
However, recent studies have revealed that OPs can also 
generate reactive oxygen species (ROS), leading to 
oxidative stress. This occurs through various mechanisms, 
including the disruption of cellular redox balance, 

inhibition of antioxidant enzymes, and induction of lipid 
peroxidation (Sule et al., 2022). 

An important factor influencing the development of 
pathological conditions in farm animals is oxidative stress, 
which results from an imbalance between the productions 
of reactive oxygen species (ROS) and antioxidant 
defenses. This condition can significantly affect animal 
production and overall well-being. It is crucial to 
comprehend the connection between oxidative stress and 
its consequences for farm animals to implement effective 
management strategies and enhance animal welfare (Song 
et al., 2023). Stressors, which can be internal or external in 
nature, trigger the activation of neurohormonal regulatory 
mechanisms aimed at maintaining homeostasis. These 
factors, combined with the body's ability to adapt, 
determine the alterations in animal maturation, 
productivity, growth, and all-around healthiness quality 
(Wahsha et al., 2023). Disruptions in homeostasis result in 
the overproduction of molecular species known as free 
radicals, overwhelming the organs' detoxification capacity 
(Trachootham et al., 2008). Excess free radicals can cause 
oxidative deterioration to lipid membranes and different 
organelles within cells (Martemucci et al., 2022). Animals 
have evolved mechanisms to counteract oxidative stress by 
enhancing their cellular defenses, primarily through the 
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activation of antioxidant enzymes (Halliwell and 
Gutteridge, 2015). Moreover, certain dietary antioxidants 
have been shown to help mitigate the damaging 
consequences of ROS and promote overall health (Sies and 
Jones, 2020). As a result, medical plants with antioxidant 
properties have been considered as potential candidates for 
animal diets, as they may offer a protective role against 
various diseases (Mahima et al., 2012). 

The use of plant extracts in aquaculture has recently 
gained attention due to their beneficial properties, which 
can contribute to fish health management control (Reverter 
et al., 2014). Medicinal plants have immense potential in 
the management of fish health by modulating the immune 
system. Through their immunomodulatory activity, these 
plants have the capability to enhance fish immune 
responses, bolster disease resistance, and improve stress 
tolerance, thereby serving as valuable assets in aquaculture 
(Nipa et al., 2021). Furthermore, these plants synthesize 
secondary metabolites, such as terpenoids and flavonoids, 
which exhibit diverse chemical structures and biological 
activities, playing a vital role in their mechanism of action 
(Yeshi et al., 2022). Among the Asteraceae family, milk 
thistle (Silybum marianum (L.) Gaertn) is indeed an 
important medicinal plant species. Milk thistle is native to 
the Mediterranean region but is now cultivated worldwide 
due to its therapeutic properties. The plant has a long 
history of traditional use and has been extensively studied 
for its potential health benefits (Bhattacharya, 2020; 
Csupor et al., 2016; Surai, 2015). In addition to its liver-
protective effects, milk thistle has also shown potential in 
other areas of health. Studies have suggested its anti-
inflammatory properties may be beneficial for conditions 
such as diabetes, cancer, and cardiovascular diseases 
(Wahsha and Al-Jassabi, 2009). Moreover, milk thistle's 
antioxidant activity has been linked to its protective effects 
against oxidative stress and certain types of cellular 
damage (Deep et al., 2006). Aquaculture is an important 
industry that often relies on the use of veterinary drugs to 
prevent and treat diseases in fish and other farmed 
organisms. However, the use of these drugs in aquaculture 
can have potential negative effects on the environment and 
human health. To address these concerns and seek more 
sustainable alternatives, researchers have turned to natural 
products derived from plants and other flora sources for 
use in aquaculture practices (Tadese et al., 2022). One 
approach is the incorporation of natural products, such as 
those derived from flora origins, in aquaculture approaches 
(Mohamad Nek Rahimi et al., 2022). The present 
investigation was conducted to assess the hepatopancreatic 
protective properties of Milk thistle (Silybum marianum) 
seed extract against the cytotoxic effects induced by 
Supracide insecticide, known for its oxidative properties, 
in the fish species Siganus rivulatus (Forsskål & Niebuhr, 
1775). The evaluation of Supracide-induced oxidative 
stress involved quantifying malondialdehyde (MDA) 
levels as a marker of lipid peroxidation, performing serum 
biochemical assays, and examining histopathological 
alterations in the hepatopancreas. 

2. Materials and methods: 

2.1. Fish samples 

During the summer of 2018, a study was conducted at 
the Marine Science Station in Aqaba (located between the 
coordinates 29°27'20.9"N and 34°58'26.3"E). The study 
focused on male fish species. According to Khalaf and 
Disi's (1997) classification, the fish species known as 
Rivulated rabbitfish was identified as Siganus rivulatus 
(Forsskål & Niebuhr, 1775). Carefully selected fish 
samples were chosen from the aquaculture facility and 
transferred to the laboratory, where the temperature was 
maintained at 25 ± 3 °C. The fish were given a week to 
acclimate to these conditions. All the selected fish samples 
were of the same age, approximately six months old, with 
an average body weight of 70 ± 15 grams and a length of 
approximately 10 centimetres. 

2.2. Plant samples: 

Silybum marianum is a plant from the Asteraceae 
family and is also known as "ripe milk thistle". This plant 
is native to the Mediterranean and Middle Eastern regions. 
The ripe milk thistle (Silybum marianum) seeds were 
meticulously collected from locally cultivated plants in 
North Jordan, all of which were in the same growth stage 
and displayed robust physical characteristics. Per the 
classification by Webb et al. (1988), Milk thistle is 
identified as Silybum marianum (L.) Gaertn. The 
harvesting procedure adhered to the prescribed techniques 
documented by Curioni et al., (2002). To ensure optimal 
preservation and retain their freshness, the seed samples 
were packed in dark plastic bags and transported to the 
laboratory. Following transportation, the seeds underwent 
a 24-hour drying period at a temperature of 50˚C. Once 
completely dried, the samples were finely ground into a 
powder with particle sizes smaller than 5μm. 

2.3. Metabolite determination: 

Metabolite extraction, following De Vos et al. (2007) 
protocol, involved homogenizing and grinding dried seeds 
with a Retsch grinder (MM 400, Haan, Germany). Three 
replicated samples and three blank samples ensured 
precision and contamination prevention. Phenyl-13C6 
salicylic acid served as an internal standard (IS). Seeds (50 
mg ± 0.5) were weighed, extracted for 30 min in an 
ultrasonic bath (1.5 ml methanol/water, 75:25, v:v), and 
centrifuged for 20 min at 14,000 rpm. The supernatant, 
filtered through PTFE syringe filters (Ø 25 mm, 0.2 µm), 
underwent LC-MS analysis. Raw chromatographic data, 
aligned and corrected using MetAlign 3.0 (Lommen & 
Kools, 2012), and MSClust (Tikunov et al., 2012) for 
clustered mass signals, were processed using XcaliburTM 
software for molecular formulas. Metabolite identification 
utilized online libraries (Metlin, HMDB, Dictionary of 
Natural Products, and LIPID MAPS Structure Database) 
and literature, considering mono isotopic mass and 
fragmentation pattern. 

2.4. Model of toxicity 

In this study, Supracide (organophosphorous ≥ 95.0 %) 
was utilized as a representative oxidative agent. The 
Supracide insecticide used in the research was procured 
from Sigma. 
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2.5. Animals and ethics 

In this research, the test fish were handled in strict 
accordance with the Global Guidelines for Animal 
Experimentation (1986). Every experimental protocol was 
thoroughly reviewed and approved by the animal welfare 
and ethics committees at the Oceanographic Research 
Centre, The University of Jordan, and Yarmouk 
University, Jordan. This ensured the appropriate care and 
welfare of the fish (session No. (4)/2015/2016, held on 
7/28/2016). 

2.6. LC50 determination 

This study employed the up-and-down toxicity test 
method, initially introduced by Sunderam et al. (2004), to 
assess toxicity levels. This approach involves 
systematically adjusting the concentration of the toxic 
substance, either upward or downward in increments, until 
a clear pattern of responses is observed in the test 
organisms. The study spanned a single day, during which a 
functional solution of Supracide (40.03% w/v) was 

prepared to create specified toxin doses. Distinct quantities 
of the toxic substance (2.85, 1.12, 0.49, 0.2, 0.09, 0.04, 
0.0175, 0.0075, and 0.0033 mg L-1) were allocated to 
separate aquariums for the experiment, each with a volume 
of 60 liters. In each aquarium, ten fish, with an average 
weight of 70 grams and an average standard length of 10 
centimeters, were housed. Throughout the 24-hour 
duration of the experiment, a meticulous record of the 
mortality rate and indicators of toxicity was consistently 
maintained and documented. 

2.7. Fish bioassay and toxicity challenge 

Forty fish were brought to the laboratory, where the 
water temperature was kept at 25 ± 3 °C. The fish were 
divided into four groups following the information in 
Table 1. The trials were conducted in glass aquariums 
containing 150 L of the specific test solution. The fish 
were allowed to acclimatize to the laboratory environment 
for seven days before the experiments began. 

Table 1.Experimental design and conditions for the toxicity challenge experiment 

Group    Description 
Number of sacrificed fishes/time 

course 

C 
The control group did not receive any supplementation of crude extract or treatment 

with toxins. 
Ten fish were sacrificed after 24 hrs 

(C24). 

TC 
The toxin control group was treated with Supracide (specific toxin) at a dose of 7.5 

μg L-1, based on the LC50 value. 
Ten fish were sacrificed after 24 hrs 

(TC24). 

SC 

 

The control group for Milk thistle received a daily addition of 2.5g of the same per 
kg of aquatic creature mass, with this routine continued for a two-week period. 

Ten fish were sacrificed after 24 hrs 
(SC). 

ST 

 

The fish were supplemented daily with 2.5g of Milk thistle per kilogram of fish body 
weight for 14 days, and after that, they were treated with Supracide at a dose of 7.5 

μg L-1. 

Ten fish were sacrificed after 24 hrs 
(ST24). 

 

Each fish was subjected to cardiac puncture to obtain blood samples using vials without anticoagulant. The collected blood was then 
centrifuged at 3000 X g for 30 minutes to separate the serum, which was later used for the enzyme assay. The tubes containing the serum 
were promptly sealed and stored at 4ºC for future use. Moreover, the hepatopancreas was immediately isolated and washed with phosphate-
buffered saline at a pH of 7.2. A section of the isolated hepatopancreas was stored at -20ºC for biochemical tests, while another section was 
fixed in buffered formalin for histopathological analysis.

2.8. Biochemical assays 

The level of malondialdehyde (MDA) in the 
hepatopancreas was determined following the protocol 
outlined by Wahsha et al. (2017). Furthermore, Cormay 
diagnostic kits were employed to measure the levels of 
lactate dehydrogenase (LDH), serum alanine transaminase 
(ALT), and total cholesterol (T.Ch). 

2.9. Histopathological examination 

To conduct the histopathological analysis, small 0.3 cm 
thick fragments of hepatopancreas tissues were fixed in 
10% buffered formalin for 24 hours, following the method 
described by Al-Haj (2010). The fixed tissues were then 
gently washed under running tap water and dehydrated 
through increasing concentrations of alcohol. 
Subsequently, they were infiltrated with xylene and 
embedded in paraffin wax. Sections with a thickness of 
6μm cut using a rotatory microtome, mounted with DPX 
and stained with Ehrlich Hematoxylin and Eosin (H&E), 
and the stained sections were examined using light 
microscopy. 

2.10. Data processing and Statistical analysis. 

In order to derive meaningful data from the raw 
chromatographic results, we employed a couple of 
specialized software tools. The task of spectral alignment 
and baseline correction was managed by MetAlign 3.0 
whereas MSClust was used for the purpose of securing 
clustered mass signals, effectively representing 
reconstructed metabolites (Rizzato et al., 2017). 
XcaliburTM software (Thermo Scientific Inc.) was used to 
ascertain the molecular formulas. Further, we adhered to a 
set procedure for identifying metabolites, which involved 
predicting the most likely molecular formula according to 
the fragmentation pattern. We matched the mono-isotopic 
mass and mass spectra with published data and several 
online databases such as HMDB, Metlin, LIPID MAPS 
Structure Database, and the Dictionary of Natural 
Products. Sumner et al.'s (2007) method was adopted to 
designate the identification level. For the biochemical 
experiments, the statistical assessment was carried out 
using Sigma Stat Software version 3.5, and a significance 
threshold of p < 0.05 was set. 
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3. Results  

3.1. Analysis of plant metabolites: 

From the LC-MS chromatogram, a total of 126 
secondary metabolites were detected. Out of these, 37 
compounds were categorized as level 2 identifications, 
while the remaining compounds were classified as level 3 
identifications based on Sumner et al.'s (2007) 

classification system. The primary constituents of the Milk 
thistle seed extract were found to be flavonoids and 
terpenoids, each accounting for approximately 22% of the 
total relative abundance. Additionally, glycosides 
comprised 14% of the identified compounds; fatty acids 
constituted 9%, and a diverse array of other compounds 
made up the remaining 33%. Notably, Table 2 showcases a 
selection of the most remarkable compounds among the 
126 identified ones. 

Table 2 Certain compounds of significance have been discovered in the seed extract of Silybum marianum 

Formula Compound Biological/Pharmacological Activities Reference 

C25H22O10 Silibinin (silymarin) 
Antioxidant, Anti-inflammatory, Antiviral,  

Antitumor and Hepatoprotective.  
Csupor et al., 2016. 

C15H12O5 Naringenin Hepatoprotective, Anti-inflammatory, Anticancer, 
 Antimutagenic, and Antimicrobial agent  

Karim et al., 2018. 

C15H12O6 Eriodictyol Antioxidant and Anti-inflammatory effects  Narvaez-Mastache et al., 2008.

C15H10O6 Luteolin Antioxidant, Antitumor, Anti-inflammatory,  
and Antiapoptotic efficacy 

Zhang et al., 2011. 

C18H18O6 4'-Hydroxy-5,6,7-trimethoxyflavanone Antimycobacterial activity Suksamrarn et al., 2004. 

C25H20O10 2,3- Dehydrosilybin Antioxidants  Reina and Martínez, 2015. 

C27H48O14 Naringin Antioxidant, Lipid-lowering, Antimicrobial,  
Anti-inflammatory and Anticancer  

Jeon et al., 2004. 

C28H26O16 Taxillusin Antimicrobial activities Fukunaga et al., 1989. 

C14H18O9 Vanillic acid 4-O-β-d-glucopyranoside Antioxidants Chemam et al., 2017. 

C16H18O9 Chlorogenic acid Antioxidant and Anti-inflammatory activities Farah et al., 2008. 

C17H26O10 Login Cognitive enhancing and Free radical scavenging capacity Lee et al. 2009. 

C18H26O11 Oleoside dimethyl ester Antioxidant activity Wang et al., 2010. 

C21H32O12 Darendoside B Antioxidant activity Pan et al., 2003. 

C17H26O5 Hymenolide Phagostimulant activity Juárez et al., 2014. 

C16H32O2 Palmitic acid Antimicrobial activity Huang et al., 2011. 

C18H30O2 Alpha-Linolenic acid Neuroprotective and Anti-inflammatory Nicolas et al., 2015. 

C18H32O2 Linoleic acid Antibacterial activity Zheng et al., 2005. 

C18H34O3 Ricinoleic acid  Antibacterial activity, Anti-inflammatory Abdul et al., 2018. 

3.2. LC50 determination 

The fish were subjected to various concentrations of 
Supracide, including 2.85, 1.12, 0.49, 0.2, 0.09, 0.04, 
0.0175, 0.0075, and 0.0033 mg L-1, for duration of 24 
hours. All groups, except for the control group, showed 
significant changes in behavior over the entire 24-hour test 
period, with the control group exhibiting no behavioral 
modifications and maintaining a 100% survival rate for all 
fish. These observed behavioral changes included loss of 
equilibrium, rapid and circular swimming, and dullness, 
surface swimmining, and increased opercular movement. 
The results indicated varying mortality rates among the 
fish, ranging from 0% to 100%. It was evident that the 
mortality rate was dependent on both the dosage and the 
duration of exposure. The LC50-24h (lethal concentration 
at which 50% of the fish died after 24 hours) was 
estimated to be 7.5 μg L-1. 

3.3. Biochemical assays 

The study aimed to understand the effects of Supracide 
on biochemical biomarker levels in S. rivulatus fish, and 
how Milk thistle seed extract might influence these effects. 
MDA levels were mainly analyzed in the fish's 
hepatopancreas (a digestive gland in some aquatic 
animals), and other blood serum biochemical markers were 
also measured. The data indicates significant differences in 
biomarker levels between the various groups, highlighting 
the potential impact of Supracide and the influence of Milk 
thistle seed extract on these biochemical parameters, as 
demonstrated in Table 3. Our results suggest that the 
organophosphorous insecticide has considerable effects on 
the fish's biochemical profile and the Milk thistle extract 
may have some mitigating effects. 
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Table 3.The results of the study evaluated the impact of Supracide on biochemical biomarker levels in S. rivulatus fish when subjected to 
bath administration of LC50 (7.5 μg L-1), both with and without Milk thistle seed extract.  

Group C24 TC24 SC24 ST24 

MDA+ (μmol/g) 4.2 ± 0.2 16.4 ± 0.8*** 5.1 ± 0.2 5.7 ± 0.2 

ALT++ (IU/ml) 11 ± 2 316 ± 2*** 36 ± 1*** 23 ± 3 

LDH++ (IU/ml) 338 ± 9 12643 ± 45*** 936 ± 17*** 1455 ± 18*** 

T.Ch++ (IU/ml) 625 ± 12 30 ± 5*** 726 ± 21*** 253 ± 9*** 

The experimental groups were categorized as follows: C - Control group without extract or Supracide treatment, TC - Toxin Control group 
treated, SC - Milk thistle control group supplemented daily with 2.5g S. marianum/kg fish body weight for 14 days, and ST - Fish 
supplemented daily with 2.5 g Milk thistle/kg fish body wt for 14 days, followed by treatment with LC50 7.5 μg (toxin) L-1. The reported 
values represent the means of 3 replicates with standard deviation (SD). 

+: The impact of Supracide (LC50 7.5 μg L-1) on MDA levels in fish hepatopancreas and++:The levels of blood serum biochemical markers. 
The results are expressed as means ± SD, with T representing time in hours. *** denotes statistical significance at P < 0.05, determined by 
an ANOVA test.Oxidative degradation of lipids (MDA levels) 

The MDA levels in the fish hepatopancreas were 
significantly different among the groups (p < 0.001). The 
Toxin Control group (TC24) showed a substantially higher 
MDA level compared to the Control group (C24) and the 
Milk Thistle Control group (SC24). This indicates that 
exposure to the toxin (Supracide) led to increased 
oxidative stress and lipid peroxidation in the 
hepatopancreas of the fish. The Milk Thistle-supplemented 
group followed by toxin treatment (ST24) did not show a 
significant increase in MDA levels compared to the 
Control group, suggesting a potential protective effect of 
Milk Thistle extract. 

3.3.1. Alanine transaminase (ALT) 

ALT levels, an indicator of liver function, exhibited 
significant differences between the groups (p < 0.001). The 
Toxin Control group (TC24) had markedly elevated ALT 
levels compared to the other groups, indicating liver 
damage due to toxin exposure. The Milk Thistle Control 
group (SC24) and the Milk Thistle Toxin group (ST24) 
had ALT levels closer to the Control group (C24), 
implying that Milk Thistle supplementation might have a 
mitigating effect on toxin-induced liver damage. 

3.3.2. Lactate dehydrogenase (LDH) 

LDH levels, which reflect tissue damage, were 
significantly different among the groups (p < 0.001). The 
Toxin Control group (TC24) exhibited a substantial 
increase in LDH levels compared to the other groups, 
indicating tissue injury caused by the toxin. Both Milk 
Thistle-supplemented groups (SC24 and ST24) showed 
LDH levels closer to the Control group (C24), suggesting a 

potential protective role of Milk Thistle against toxin-
induced tissue damage. 

3.3.3. Total Cholesterol (T.Ch) 

Total cholesterol levels also displayed significant 
differences between the groups (p < 0.001). The Toxin 
Control group (TC24) had remarkably reduced cholesterol 
levels compared to the other groups. This reduction could 
be due to the disruptive effects of the toxin on lipid 
metabolism. The Milk Thistle Control group (SC24) and 
the Milk Thistle Toxin group (ST24) had cholesterol levels 
closer to the Control group (C24), hinting at a possible 
protective influence of Milk Thistle on lipid homeostasis. 

3.4. Histopathological changes in hepatopancreas 

The control group's fish exhibited a typical histological 
structure in their hepatopancreas. The hepatocytes 
displayed central nuclei with a spherical shape, along with 
a significant presence of blood sinusoids (Figure 1). 
Melanomacrophage centers (MMC) were found in the 
hepatic parenchyma, usually near the hepatic arteries or 
bile ducts. In contrast, the liver sections of fish exposed to 
the LC50 concentration of Supracide for 24 hours displayed 
a range of histopathological changes. These changes 
included more severe damage characterized by dilation of 
intercellular spaces, blood congestion, and necrosis 
accompanied by cytoplasmic vacuolization (glycogen and 
lipid). Furthermore, there were some observed hepatic 
morphological alterations, albeit to a lesser extent, in the 
fish treated with the toxin and supplemented with Milk 
thistle (Figure 1). 

 
Figure1. Illustrative photomicrograph of hepatopancreas tissue slices derived from the following groups of fish: Control (C24), Toxic 
control (TC24), and toxin/Milk thistle pre-exposed (ST24) groups.C24: (H) Hepatocellular cells; (V) Hepatic vein; (BD) Bile duct; (MMC) 
Melanomacrophage clusters; (S) Sinusoidal cavity. TC24: (1) Localized necrosis and absence of nuclie; (2) Pyknotic nuclei; (3) Nuclier 
hypertrophy; (4) Cytoplasmic vacuolization; (5) Fatty Change; (6) Vascular congestion. ST24: Fish pre-exposed to toxin/Milk thistle 
(arrow) showcasing Cytoplasmic vacuolization. Stain used: H & E; Magnification at 40X.
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4. Discussion 

In the past few years, there has been a significant 
increase in the number of studies presenting compelling 
evidence on the connection between organophosphate 
pesticides, particularly Supracide, and oxidative stress 
induction in aquatic life (Sule et al., 2022; Özkan-Yılmaz 
et al., 2015). Despite a wealth of scientific data 
underscoring the harmful effects of organophosphates, 
their influence on Aquaculture has been given minimal 
consideration by researchers globally. Supracide (S-[(5-
Methoxy-2-oxo-1,3,4-thiadiazol-3(2H)-yl)methyl] O,O-
dimethyl phosphorodithioate), a potent organophosphate 
pesticide, sees broad application. Our study determined the 
Supracide concentration that caused mortality in 50% of 
the test fish (LC50) to be 7.5 μg L-1 by employing an 
adjusted up and down toxicity test (Sunderam et al., 2004). 
It is noteworthy that this value diverges from previous 
findings on aquatic organisms such as Sheepshead 
minnow, rainbow trout, bluegill, and goldfish (Flaherty et 
al., 2009). Differences in LC50 values across various 
animal models can be traced back to elements such as 
species, age, and sex of the organisms involved (Ghosh 
and Saha, 2022). 

In the present investigation, we documented signs of 
cellular harm following Supracide exposure, evaluated 
through particular biomarkers and histopathological 
specimen analysis. The main toxicity mechanism related to 
organophosphate pesticides is the suppression of 
acetylcholinesterase, a critical enzyme for neural operation 
(Fernandes et al., 2015; Lu et al., 2018; Sandoval-Herrera 
et al., 2019; Tsai and Lein, 2021). Latest studies imply that 
oxidative stress plays a pivotal role in organophosphates' 
toxic effects by boosting the generation of reactive oxygen 
species (ROS) and unsettling the equilibrium between 
ROS and antioxidant defense mechanisms (Martinez-
Alvarez et al., 2005; Cortes-Iza and Rodriguez, 2018; and 
Sandoval-Herrera et al., 2019). In addition, research has 
suggested that lipid peroxidation (LPO) is a molecular 
mechanism involved in organophosphate toxicity and liver 
injury (Oruc, 2011, and Karami-Mohajeri et al., 2017). 

Our study discovered a shift in the MDA 
(malondialdehyde) level in the liver and pancreas tissue of 
the fish used in the experiment following exposure to 
Supracide at the LC50 value. These outcomes corroborate 
prior research carried out by Modesto and Martinez, 
(2010) and Abhijith et al., (2016) and propose that reactive 
oxygen species (ROS) play a part in the onset of 
Supracide-induced damage. Several studies have reported 
that organophosphate pesticides could disturb antioxidant 
defense enzymes, leading to a surge in lipid peroxidation 
products by directly interacting with organic molecules in 
the cell membrane (Wu et al., 2011; Abhijith et al., 2016, 
and Yang et al., 2020). MDA, a lipid peroxidation 
byproduct, has been used as a biomarker for oxidative 
stress and as an indicator of the degree of lipid 
peroxidation (Tsikas, 2017, and Ito et al., 2019). In our 
investigation, we noticed an increase in MDA levels in the 
liver and pancreas tissue of S. rivulatus fish treated with 
the LC50 value of Supracide, suggesting that MDA levels 
could serve as an indicator of Supracide-induced damage. 

Animal cells have various methods to neutralize 
oxidative stress's detrimental effects, either by repairing 
the inflicted damage or by inhibiting and neutralizing 

reactive oxygen species (ROS) via enzymatic and non-
enzymatic antioxidant defense systems (Ponnampalam et 
al., 2022). Polyphenols, including flavonoids, are part of 
the non-enzymatic defense mechanism (Panche et al., 
2016) and have demonstrated potential as therapeutic 
agents against a broad spectrum of ROS (Kumar and 
Pandey, 2013; Ullah et al., 2020; and Khan et al., 2021). 
Our results indicate that Supracide poisoning may incite 
the production of highly unstable free radicals capable of 
attacking lipids containing carbon-carbon double bonds, 
especially polyunsaturated fatty acids (PUFA). Past studies 
in our lab have underscored the impacts of milk thistle 
seed extracts on lipid peroxidation (Wahsha and Al-
Jassabi, 2009) and antioxidant enzymes (Wahsha et al., 
2012). Wilson Magdy et al (2016) showed that treatment 
with alpha-tocopherol (vitamin E) and ascorbic acid 
(vitamin C) post-Supracide administration could mitigate 
liver damage in rats. Karami-Mohajeri et al (2017) 
reported that sublethal Supracide doses could compromise 
the antioxidant enzymatic defense system and escalate 
lipid peroxide levels in the liver and pancreas of fish. 

Biochemical markers are vital in the diagnosis of 
diseases in fish and for the detection of tissue impairment 
instigated by environmental toxins, functioning as 
sensitive detectors of metabolic perturbations in the 
organism (Bharti and Rasool, 2021). Enzymes such as 
ALT and LDH are often deployed in the identification of 
fish diseases, with their serum levels reflective of 
physiological changes or stress responses. These enzymes 
are valuable indicators of minor cellular disruptions 
(Ahmet Deveci et al., 2022).Our research demonstrated 
that the group of S. rivulatus fish exposed to Supracide 
exhibited a significant elevation in serum ALT and LDH 
activities compared to the control group. This observation 
indicates that severe stress conditions in fish lead to an 
augmented requirement for energy, driving the need for 
carbohydrates and other key compounds to uphold the 
glycolytic pathway and tricarboxylic acid cycle (Tiwari 
and Singh, 2004). Fish affected by toxicants adapt their 
metabolic processes to mitigate the stressors and sustain 
homeostasis (Petitjean et al., 2019). Prior research has 
shown that stress commonly results in enhanced 
aminotransferase activity, and specific studies have noted 
increased ALT activity, indicative of increased energy 
requirements due to tissue damage (Jee et al., 2005; 
Samanta et al., 2014). Additionally, ALT increase signifies 
liver tissue damage, caused by toxicant-induced harm to 
the liver, resulting in serum leakage of cellular enzymes. 
Hence, elevated enzyme activity is linked to liver damage 
inflicted by pesticides (Gowda et al., 2009; Vasantharaja et 
al., 2015; Xavier Martins et al., 2021). 

LDH, a pivotal enzyme in fulfilling the energy needs of 
cells under varying oxygen conditions, can be used to 
signal the release of the enzyme from damaged cells, shifts 
in protein and carbohydrate metabolism, and cell leakage 
(Alarifi et al., 2012; Klein et al., 2020). A significant 
upsurge in LDH activity was recorded during Supracide 
exposure in our study, implying disruption in carbohydrate 
metabolism due to Supracide. Additionally, the notable 
rise in LDH activity could be associated with tissue harm 
inflicted by Supracide toxicity. Such alterations in LDH 
activity underscore the stress conditions experienced by 
the fish. Other organisms exposed to substances like 
carbamazepine, selenium, ibuprofen, clofibric acid, and 
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diclofenachave also demonstrated similar changes in LDH 
activity (Jos et al., 2003; Saravanan et al., 2011; Saravanan 
et al., 2012; Ramesh et al., 2014).Moreover, in our study, 
when fish were pre-exposed to Milk thistle seeds before 
Supracide exposure, an amplified serum LDH value was 
recorded, implying increased LDH activity. A more 
pronounced increase was observed in the group pre-treated 
with Milk thistle seeds than in the control group. These 
findings suggest that a 14-day pre-treatment with Milk 
thistle seeds offers significant recovery protection against 
Supracide toxicity. 

In our experiment, serum T.Ch levels significantly 
decreased after Supracide exposure. Similar outcomes 
were reported in previous studies where various 
insecticides, such as dichlorvos, acephate, and 
cypermethrin, were used on different experimental animals 
(Ryhanen et al., 1984; Choudhari and Chakraharti, 1984; 
Shakoori et al., 1988). Lipids, vital components of animal 
cell plasma membranes, participate in numerous biological 
processes in the body (Muro et al., 2014).Earlier studies 
showed that Supracide could trigger the oxidative 
degradation of lipids through reactive oxygen species 
(ROS) action (Sule et al., 2022).Additionally, Supracide 
and other organophosphate insecticides might inhibit 3-
hydroxy-3-methylglutaryl-CoA reductase, an essential 
enzyme for cholesterol synthesis (Ryhanen et al., 1984). 
The reduced serum total cholesterol levels could be due to 
the organophosphate-stimulated activation of the low-
density lipoprotein (LDL) receptor, increasing the 
cholesterol clearance from the bloodstream (Ibrahim and 
El-Gamal, 2003). 

Histological findings and biochemical data contribute 
to a thorough understanding of the death mechanisms in 
organisms exposed to toxic substances (Orrenius et al., 
2011). As such, they are effective tools for assessing the 
health status of fish. The results of our study showed 
increased histopathological alterations in hepatopancreas 
tissue after Supracide exposure. However, pre-treatment 
with Milk thistle seed led to a remarkable decrease in these 
histopathological alterations. Similar observations were 
reported where Supracide exposure led to a notable rise in 
rat liver enzyme activities and morphological liver changes 
in carp exposed to Supracide (Asztalos et al., 1990; 
Altuntas et al., 2002; Karami-Mohajeri et al., 2017). 

The phytochemical analysis of milk thistle seed extract 
revealed a remarkable array of bioactive compounds with 
diverse biological and pharmacological activities. Among 
the compounds identified, silibinin (silymarin) stood out 
for its numerous benefits. Csupor et al. (2016) reported 
silibinin to possess antioxidant, anti-inflammatory, 
antiviral, antitumor, and hepatoprotective properties, 
making it a potential candidate for combating oxidative 
stress, inflammation, viral infections, and even supporting 
liver health. Additionally, naringenin, as studied by Karim 
et al. (2018), demonstrated hepatoprotective, anti-
inflammatory, anticancer, antimutagenic, and 
antimicrobial activities, indicating its potential in 
protecting the liver, combating inflammation, and acting as 
an agent against cancer and various microorganisms. 

Other compounds found in milk thistle seed extract also 
exhibited promising attributes. Eriodictyol, as identified by 
Narvaez-Mastache et al. (2008), exhibited antioxidant and 
anti-inflammatory effects, making it valuable in 
neutralizing free radicals and reducing inflammation. 

Luteolin (Zhang et al., 2011) showed antioxidant, 
antitumor, anti-inflammatory, and antiapoptotic efficacy, 
suggesting its potential role in cellular protection, tumor 
inhibition, and antiapoptotic properties. Moreover, 
compounds like 4'-hydroxy-5,6,7-trimethoxyflavanone, 
2,3-dehydrosilybin, and chlorogenic acid (Suksamrarn et 
al., 2004; Reina and Martínez, 2015; Farah et al., 2008) 
were found to possess antioxidant properties, which could 
contribute to their potential health benefits in combating 
oxidative stress-related disorders. The presence of other 
compounds, as reported in the table 2, further highlights 
the diverse pharmacological potential of milk thistle seed 
extract. 

In summary, the results suggest that Supracide has 
detrimental effects on the biochemical biomarkers in S. 
rivulatus fish, leading to oxidative stress, liver damage, 
tissue injury, and disruption of lipid metabolism. Milk 
Thistle seed extract supplementation appears to provide 
some level of protection against these negative impacts, as 
indicated by the reduced levels of these biomarkers in the 
Milk Thistle-treated groups. The observed 
hepatoprotective effects may be attributed to the rich 
presence of active phytoconstituents found in the Milk 
thistle extract, including flavonoids, terpenoids, 
polyphenols, glycosides, and essential fatty acids. These 
findings highlight the potential benefits of Milk Thistle 
extract in mitigating the adverse impacts of the toxin on 
fish health and biochemistry of the fish hepatopancreas. 
However, further research is necessary to better understand 
the mechanisms underlying these effects and to validate 
the potential therapeutic role of Milk Thistle in such 
contexts. 
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