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 Abstract 
This study evaluated the protective effects of Moringa oleifera and Arthrospira 
platensis (Spirulina) on biochemical parameters and gill histology of Nile tilapia 
(Oreochromis niloticus) exposed to thiophanate methyl toxicity. Nile tilapia fish 
samples were divided into four groups: control, thiophanate methyl-exposed (0.6 
mg/L), thiophanate methyl + M. oleifera (5% of diet), and thiophanate methyl + 
Spirulina (150 mg/kg body weight/day) for a 28-day trial. Biochemical analyses 
revealed that thiophanate methyl exposure significantly elevated serum cholesterol, 
triglycerides, LDL, VLDL, AST, and ALT, while reducing HDL, total protein, 
albumin, and globulin levels. Urea, BUN, and creatinine levels were also 
increased, indicating hepatic and renal stress. Supplementation with M. oleifera 
and Spirulina ameliorated these alterations, with Spirulina showing slightly better 
improvements in protein profile and renal markers, and M. oleifera being more 
effective in moderating lipid and liver enzyme changes. Histological examination 
of gills from thiophanate methyl-exposed fish showed severe lamellar fusion, 
epithelial lifting, and hyperplasia, while supplemented groups exhibited improved 
gill architecture with reduced pathological alterations. The results demonstrate 
that both M. oleifera and Spirulina provide significant protection against 
pesticide-induced biochemical and histopathological damage, supporting their use 
as sustainable, natural feed additives in aquaculture to mitigate agrochemical 
toxicity. 
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INTRODUCTION
Pollution is a major problem that affects everyone 
and is getting worse as a result of global population 
expansion and industrialization. Aquatic species and 
all other levels of biological organization can be 
endangered by environmental contamination 

brought on by chemical usage.(Bhat et al., 2022; 
Zhao et al., 2023). Fungicides are a type of pesticide 
that is widely used to treat a range of fungal diseases 
in field crops and fruits (Savary et al., 2019). 
Chemical fungicides are predominantly employed in 
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commercial agriculture to safeguard crops from 
fungal infections by exterminating and inhibiting 
their cells and spores. Nonetheless, due to their cost-
effectiveness and user-friendliness, they are often 
utilized excessively (Youssef et al., 2019). 
Methyl thiophanate [dimethyl ((1,2-phenylene) 
bis(iminocarbonothioyl)) bis(carbamate)]. is a 
benzimidazole fungicide that works systemically to 
stop the creation of fungal DNA, changing the way 
cells divide (Seiler, 1975). This fungicide is used both 
before and after harvest to stop diseases in vegetables 
brought on by the Ascomycota fungus (Ye et al., 
2008). Reactive oxygen species generation and its 
interaction with human serum albumin are 
connected to the toxicity of this fungicide (Saquib et 
al., 2010). TM is under category IV, or low toxicity 
(Organization, 2020). However, it has been 
demonstrated that TM and its metabolite, 
methylbenzimidazole-2-yl carbamate (MBC), cause 
histological damage to the thyroid and adrenal 
glands of lizards (De Falco et al., 2007) as well as the 
rats' blood, liver, and kidneys (Ibtissem et al., 2017).  
Oreochromis niloticus, often known as the Nile tilapia, 
is a vital fish species for aquaculture worldwide. Its 
rapid rate of development, significant resilience to 
environmental stress, ease of reproduction, and 
robust market demand make it the species of choice 
(El-Sayed, 2006). Its distinguishing traits are 
resilience to disease, quick growth, and simplicity in 
adjusting to commercial diets (Abdel‐Latif & 
Khafaga, 2020). One of the most commonly utilized 
model fish in aquatic toxicology studies these days is 
tilapia (Yan et al., 2020).  
 M. oleifera is referred to as the "kelor tree" in some 
parts of the world and the "drumstick tree" or "horse 
radish tree" in others (Anwar & Bhanger, 2003). 
"Sohanjna" is the native name for M. oleifera, which is 
planted and grown all throughout Pakistan (Anwar 
et al., 2005). In addition to improving energy, 
memory, alertness, and healthy skin, moringa is used 
to treat diarrhea, fevers, UTIs, sore throats, and 
asthma. Additionally, it contains anti-inflammatory, 
anti-bacterial, tissue-protective, anti-diabetic, and 
anti-cancer properties (Bhattacharya et al., 2018; 
Dhakad et al., 2019; Leone et al., 2015). Essential 
vitamins, minerals, and phytochemicals can be found 
in abundance in the leaves of the moringa tree 

(Yuniati et al., 2022). It is drought-tolerant and 
possesses medicinal, nutritional, and water-cleaning 
properties. Its roots, leaves, flowers, and fruits are 
consumed locally. Eastern allopathic medicine uses 
this plant to treat a range of ailments and problems, 
including physiological issues, due to its therapeutic 
and medicinal properties (Akhtar et al., 2007). 
Arthrospira, another name for the symbiotic 
microalga Spirulina, is a free-floating organism with 
spiral filaments (Deng & Chow, 2010; Hussein et al., 
2018; Rout et al., 2015). This algae is also known as 
blue-green algae (Ross & Dominy, 1990). One 
nutraceutical food that has showed potential in 
healing the majority of ailments is spirulina. 
Spirulina has been used as a dietary supplement to 
prevent and treat excessive cholesterol, diabetes, 
cardiovascular disease, allergies, cancer, toxicities 
caused by drugs and environmental contaminants, 
and some inflammatory disorders (Karkos et al., 
2011). Spirulina dramatically increased the Nile 
tilapia's growth rate, immunity, and resistance to 
disease, according to the majority of research (Abdel-
Tawwab et al., 2008; Amer, 2016). Recently, the use 
of spirulina as a wastewater treatment method has 
grown in favor, particularly for fish production 
effluent (Kamilya et al., 2006). 
 Thiophanate-methyl is a widely used systemic 
fungicide employed in agriculture which are 
common in ecosystem monitoring. When present in 
aquatic ecosystems thiophanate-methyl subjects fish 
to oxidative stress, inhibits their metabolism, leads to 
liver, kidney, gills damage, and damage to internal 
organs can yield a mortality result. Natural and 
bioactive substances like the compounds offered by 
M. oleifera and A. platensis, may be an innovative and 
safe method of increasing fish tolerances to 
environmental toxicity of toxic chemicals. This 
market-driven research will quantitate certain 
biochemical and histopathological parameters in 
order to determine the impact of natural 
supplements that can avoid the damage caused by 
Thiophanate Methyl, and also promote fish 
physiologies upon stress caused by fungicides, and 
can offer assessment regarding the impact of 
fungicides on fish. 
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Material and Methods 
Chemical 
Methyl thiophanate is employed as a poison. An 
appropriate quantity of thiophanate methyl was 
dissolved in distilled water to create the stock 
solution. Additionally, spirulina powder and 
moringa leaf were bought from a nearby herbal store. 
 
Experimental Animal 
The Head Baloki fish pond was used to obtain 30 
fingerlings of the freshwater fish Nile Tilapia, which 
had an average weight of 25 ± 1.9 grams and a length 
of 13.5 ± 1.2 centimeters. Fish were securely brought 
to the University of Okara's fish lab, where they were 
acclimated for seven days in a 100-liter glass tank 
with an aerator to preserve oxygen levels. 
Dechlorinated water with the following 
physicochemical characteristics was employed during 
the experiment period: pH 7.3 ± 0.07, dissolved 
oxygen 7.40 ± 0.94 mg/L, and temperature 24.31 ± 
1.17 ◦ C. Commercial food was given to the fish 
twice a day. 
 
Experimental Design 
A technique called Completely Randomized Design 
(CRD) was used. The experiment lasted for 28 days, 
during which time the fish were kept in aquariums 
with forty liters of water each. The fish received 
commercial feed once every twenty-four hours for the 
duration of the trial. Based on their individual 
weights, the fish were placed together. There were 
four treatment groups in order to identify the 
negative effects of TM and attempt to examine the 
preventive qualities of natural supplements. Group 1 
served as the control in order to establish a baseline 
for the data. Group 2 was administered thiophanate 
methyl concentration of 0.6 mg/L to assess the 
substance's toxicological effects. Sublethal quantity 
was selected by the previous studies, described by Jia 
et al. (2020). Group 3 was TM (0.6 mg/L) given 
moringa leaf powder with standard feed according to 
their body weight following the methods of the 
Association of Official Analytical Chemists 
(Reynolds, 1989), while Group 4 was given TM (0.6 
mg/L) Spirulina at 150 mg/kg bodyweight/day 
following the feed formulation guidelines of the 
National Research Council (NRC, 1993). To make 
the powders stick, they were thoroughly mixed with 

regular feed with a small amount of water and fish 
oil. The mixture was then dried and fed to the fish 
once a day. Using procedures authorized by the 
University of Okara Ethical Committee, these 
dosages from past research were used to evaluate 
their possible protective effects against thiophanate 
methyl poisoning. On day 28, randomly ten fish 
were taken from group each group, and all fish were 
collected for the abovementioned assays. 
 
Biochemical Analysis 
A chemistry analyzer evaluated biochemical 
indicators. To separate the plasma, the remaining 
blood samples were placed in a cooling centrifuge set 
to 9400×g for 20 minutes. The plasma was then 
stored at 4 ◦ C. The protein contents were estimated 
using the (Waterborg, 2009) method. The technique 
outlined by was used to assess AST and ALT activity 
(Reitman & Frankel, 1957). Using kits supplied by 
Biomerieux (France), serum creatinine and urea 
levels were determined. Serum levels of HDL, 
triglycerides, and cholesterol were assessed using 
standard kits using the procedure of (Hassan et al., 
1995). Levels of VLDL and LDL were determined 
using the usual procedure provided by (Zaahkouk et 
al., 1996). 
 
Histological studies  
Fish were dissected for histological analysis following 
blood collection. Gill soft tissues were extracted and 
treated as usual, which included sectioning at a 
thickness of 5 μm on a rotating microtome, fixing in 
a 10% neutral buffered formalin solution, standard 
processing, and staining with hematoxylin and eosin 
in accordance with the procedure of (Bancroft & 
Gamble, 2008). After that, stained slides were 
inspected using a microscope equipped with a 
camera (Olympus BX51, Tokyo, Japan). 
 
Statistical analysis 
The findings of the fully randomized experimental 
design are displayed using one-way analysis of 
variance (ANOVA) and mean ± standard deviation. 
Ordinary one-way ANOVA from GraphPad Prism 
(version 9.3.1) was the ANOVA version utilized in 
the analysis. 
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Results 
Biochemical Analysis 
During the course of this investigation, we noticed 
that fish which were treated to thiophanate methyl 
demonstrated much greater. In contrast to the 
control group, the blood of Nile tilapia exposed to 
pesticides showed significantly lower levels of HDL, 
total proteins, albumin, and globulin, while the 
levels of triglycerides, cholesterol, VLDL, VDL, AST, 
ALT, and BUN were significantly higher (p≤0.05). 
Following the administration of Nile tilapia to the 

Moringa and spirulina with TM groups, we observed 
a slight decrease in BUN and a slight increase in 
HDL, total proteins, albumin, and globulin levels, as 
well as a slight alteration in cholesterol, triglycerides, 
LDL, VLDL, ALT, and AST. 
 
 
 
 
 

 
Table 1: Biochemical profile of Nile Tilapia exposed to thiophanate methyl, thiophanate methyl and moringa 
powder (TM+ moringa), and thiophanate methyl and spirulina powder (TM+ spirulina). The data are 
represented as mean ± SD. Asterisk (*) bearing values show significant differences (p < 0.05) as compared with 
the control group. NS = not significant, TM = Thiophanate Methyl. 

Parameters Control TM TM + Moringa TM + Spirulina 
Total Cholestrol (mg/dL) 90.67 ± 4.04 119.7 ± 3.51*** 110.7 ± 5.13*** 109.3 ± 2.51** 
Triglycerides (mg/dL) 110.0 ± 2.00 136.7 ± 3.51*** 123.3 ± 4.04** 125.0-±4.58** 
HDL (mg/dL) 23.13 ± 0.61 14.33 ± 0.86*** 19.33 ± 0.60*** 18.57 ± 0.70*** 
LDL (mg/dL) 45.20 ± 1.11 63.03 ± 1.05*** 53.03 ± 0.95*** 52.00 ± 1.00*** 
VLDL (mg/dL) 22.00 ± 0.70 35.03 ± 0.85*** 28.97 ± 0.75*** 28.00 ± 1.00*** 
ALT (U/L) 274.7 ± 6.50 345.0 ± 10.15*** 306.0 ± 12.53* 300.7 ± 9.50* 
AST (U/L) 310.7 ± 7.02 353.7 ± 8.02*** 345.3 ± 5.50*** 339.3 ± 7.50** 
Total Proteins (g/dL) 4.00 ± 0.08 3.43 ± 0.07*** 3.65 ± 0.09** 3.59 ± 0.11** 
Globulin (g/dL) 2.88 ± 0.07 2.43 ± 0.08*** 2.66 ± 0.09* 2.63 ± 0.11* 
Albumin (g/dL) 1.09 ± 0.07 0.80 ± 0.03*** 0.96 ± 0.04* 1.00 ± 0.05 NS 
Urea (mg/dL) 15.00 ± 1.00 19.37 ± 0.61*** 17.67 ± 0.60** 18.40 ± 0.50*** 
BUN (mg/dL) 7.10 ± 0.45 12.03 ± 0.65*** 10.03 ± 0.55*** 9.16 ± 0.66** 
Creatinine (mg/dL) 1.06 ± 0.15 1.51 ± 0.10** 1.40 ± 0.08* 1.35 ± 0.06* 

 

 
Figure 1: Showing variations in Cholesterol in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 2: Showing variations in Triglycerides in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 

 
Figure 3: Showing variations in HDL in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 4: Showing variations in LDL in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 

 
Figure 5: Showing variations in VLDL in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 6: Showing variations in ALT in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 

 
Figure 7: Showing variations in AST in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 8: Showing variations in Protein in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 

 
Figure 9: Showing variations in Globulin in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 10: Showing variations in Albumin in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 

 
Figure 11: Showing variations in Urea in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
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Figure 12: Showing variations in Serum BUN in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 

 

 
Figure 13: Showing variations in Creatinine in Nile Tilapia among various groups. 

The data are represented as mean ± SD. 
 
Histology 
Nile tilapia exposed to thiophanate methyl showed 
histological changes in their gills. All of the fish 
tissues under study showed no signs of injury in the 
chemical-free control group. The current study's 
findings revealed moderate to severe histological  

 
changes in groups B, C, and D, including 
degenerative primary gill lamellae, bone cell 
abnormalities, lamellar aneurysms, and hyperlexia. 
Histological observations of gill tissues showed bone 
cell deformities, lamellar aneurysm, hyperplasia, 
degenerative primary gill lamellae in Fig 14 (b). In 
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moringa and spirulina group gill showed some recovery shown in in Fig 14(c) and (d) respectively.  

 
 

Figure 14: showing histological changes in gill tissues as (a) showing normal arrangement of gill filaments. (b), 
(c), and (d) showing variations in gill tissues as bone cell deformities (yellow arrow), lamellar aneurysm (red 

arrow), hyperlexia (black arrow), degenerative primary gill lamellae (white arrow). 
 
Discussion 
A broad-spectrum internal absorption fungicide, 
thiophanate-methyl effectively prevents and controls 
a range of crop diseases (Nagai & Fukazu, 1969), 
consequently, it is frequently employed as a 
bactericide in the agricultural industry. Because it 
can be converted into Methyl 2-benzim-
idazolecarbamate (MBC), which has fungicidal 
properties in water and plant and animal tissues, TM 
has a bactericidal function (Cycoń et al., 2011). We 
evaluated the protective benefits of moringa and 
spirulina against the detrimental effects of 
thiophanate methyl on the lipid profile, liver 
enzymes, and organ damage of exposed fish using 
Nile tilapia in our toxicity studies. 
 
Biochemical Analysis: 
Understanding the alterations in aquatic species' 
bodies can be aided by biochemical measurements 
(Poopal et al., 2017). Serum biochemistry serves as 
an excellent indicator for evaluating a fish's ability to  

 
adapt to its environment, general health, and 
nutritional status (Sharma et al., 2021). In our 
research, fish exposed to deltamethrin insecticide 
showed increases in cholesterol, triglycerides, LDL, 
and VLDL, whereas HDL dropped in comparison to 
the control group. These results are similar to those 
of Ismail et al. (2012). Cholesterol is necessary for 
the synthesis of vitamin D, steroid hormones, and 
bile acids. Although the quantity produced varies 
according to the type of cell and the organ's 
function, cholesterol is produced by all mammalian 
cells. Between 20 and 25 percent of the daily total 
cholesterol production comes from the liver; greater 
amounts are also created by the intestines, adrenal 
glands, and reproductive systems (Espenshade & 
Hughes, 2007). Elevated blood cholesterol levels are 
strongly associated with the development of 
arteriosclerotic vascular disease, depending on how it 
is transported by lipoproteins; nevertheless, elevated 
blood cholesterol levels can also prevent the 
production of new cholesterol. Both the cytosolic 

    
(a)        (b) 

    
   (c)        (d) 
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and membrane domains of HMG CoA reductase 
contribute to its catalytic activity. The membrane 
domain detects signals for its breakdown. As 
cholesterol (and other sterol) concentrations rise, this 
domain's oligomerization state changes, increasing its 
susceptibility to proteosome destruction (Berg et al., 
2007). 
In the present study, we discovered that fish given 
thiophanate methyl exhibited noticeably increased 
AST and ALT activity. Ismail et al. (2012) and 
Ibtissem et al. (2017) showed similar results in rats. 
Their release into the bloodstream increases most 
during the acute phase of cellular necrosis, and this 
increase is related to the extent of cellular damage. 
According to other observers, the plasma of MT 
groups showed oxidative damage, hepatocellular 
necrosis, and increased plasma membrane 
permeability at the maximum concentration of each 
enzyme (Sharma et al., 2002). The blood proteins of 
a fish can reveal information about its physiological, 
metabolic, and ecological circumstances. They are 
essential for the movement of several foreign 
compounds and metabolites that shield fish against 
illness (Kovyrshina & Rudneva, 2012). Pesticide 
exposure caused a sharp decline in the blood levels 
of albumin and total proteins in Nile tilapia. Same 
results were found by Ismail et al. (2012) and 
Ibtissem et al. (2017). The decrease in albumin level 
had an effect on the plasmatic colloidal osmotic 
pressure. Since the liver produces albumin, which 
accounts for 60% of protein, a decrease in albumin 
was mirrored in a decrease in total protein. This 
drop in albumin and total protein supports the 
theory that damaged liver cells compromised the 
liver's ability to synthesize. Chronic liver illnesses 
such as cirrhosis or nephrotic syndrome cause 
decreases in albumin levels, which are then expelled 
through the urine (Singh et al., 1987). In the present 
investigation, the plasma levels of creatinine and 
urea were greater in the TM-treated group than in 
the controls, which is equivalent to the Feki et al. 
(2017) and Ibtissem et al. (2017) reported in their 
studies. While the rate of urea excretion is inversely 
correlated with the plasma amount of urea, protein 
absorption is directly correlated with it (Rahman et 
al., 2001). When factors that promote the 
production of urea, such as intestinal hemorrhage, 
corticosteroid treatment, and a high-protein diet, are 

not present, increases in urea levels may suggest a 
decrease in GFR, an increase in nitrogenous 
metabolism linked to decreased renal blood flow 
(Mizutani et al., 2000) and causes acute renal failure 
(Singh et al., 2001). Conversely, creatinine is a 
therapeutically important analyte that is used to 
measure renal glomerular filtration rate and identify 
the presence of kidney and muscle diseases. 
Creatinine is a byproduct of the metabolism of 
muscular energy that the kidneys remove from the 
blood and excrete into the urine (El-Sawi Mahmoud 
et al., 2001). Creatinine is a sensitive measure of 
renal function since liver function has little effect on 
it (Aronson et al., 2008).  
Contrary to the results of the current investigation, 
fish Nile Tilapia exposed to Moringa and TM 
simultaneously reported that Moringa leaf powder 
significantly decreased the harmful effects of 
thiophanate methyl. Moringa oleifera is widely utilized 
in alternative medicine due to its anti-oxidant and 
health-promoting qualities (Pandu et al., 2018). The 
high nutritional value of M. oleifera leaves makes 
them a superfood that can be utilized as a remedy for 
a number of chronic conditions (Gopalakrishnan et 
al., 2016). Because of the positive effects of Moringa, 
we noticed a small change in cholesterol in Nile 
tilapia exposed to a combination of thiophanate 
methyl and Moringa oleifera. Triglyceride and 
cholesterol levels may have dropped because M. 
oleifera includes substances that lower cholesterol, 
such as phytoconstituents and β-sitosterol, which 
prevent lipolysis and lessen the synthesis of fatty 
acids (Riry et al., 2018). M. oleifera is an intriguing 
source of fiber (7.98g/100g DW), which helps 
maintain a healthy digestive system and causes a 
noticeable drop in the peak level of serum glucose 
and a well-balanced level of testosterone (Kaline et 
al., 2007). In the present study, exposure to moringa 
leaf powder marginally increased the levels of 
albumin and total proteins. Moringa leaf powder 
increases serum albumin, total proteins, and globulin 
because it lowers oxidative stress, which may help 
stop oxidative protein degradation (Gupta et al., 
2012). When M. oleifera was exposed to fish, the 
levels of ALT and AST trivially dropped. The 
hepatoprotective qualities of M. oleifera leaf extract 
may be one reason why it corrected elevated serum 
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intracellular enzyme levels. Previous research 
indicated that the hepatoprotective effect was caused 
by the presence of a well-known flavonoid (quercetin 
and kaempferol) (Hamza, 2010). M. oleifera leaf 
extract considerably reduced hepatocyte necrosis, 
indicating a reduction in hepatocellular damage 
(Sharifudin et al., 2013). Urea and creatinine levels 
in fish treated with moringa also slightly changed. 
Urine production may be increased by moringa's 
diuretic effects. Blood urea and creatinine are 
reduced as a result of the body eliminating waste and 
toxins through increased urine output (Akter et al., 
2021).  
 The lipid profile revealed a significant drop in the 
amount of total cholesterol in fish exposed to 
spirulina group, based on the findings of the current 
observations. Spirulina lowers cholesterol due to its 
function in lipid metabolism (Khani et al., 2017). It 
has been demonstrated that spirulina and other 
organic antioxidants can prevent 
hypercholesterolemia. Spirulina contains 
antioxidants such phycocyanin, β-carotene, and 
phenolic compounds that reduce serum cholesterol 
levels (Colla et al., 2008). Additionally, it has been 
shown that spirulina's polyunsaturated fatty acids 
have therapeutic advantages, such as the ability to 
reduce blood cholesterol (Yamamoto et al., 1989). 
The enzymes aspartate aminotransferase (AST) and 
alanine transaminase (ALT) are also found in lower 
concentrations in fish blood. It demonstrates the 
existence of a metabolic system that produces energy 
(Rehman et al., 2017). The liver biochemical markers 
(ALT and AST) in Oreochromis niloticus are impacted 
by this microalgae (Marzouk et al., 2013). It is 
indisputable that spirulina has antioxidant properties 
that prevent the generation of ion radicals 
(Mohammad & Bashi, 2020). The presence of β-
carotene may be the reason for spirulina's beneficial 
effects. By decreasing cellular damage, particularly 
deoxyribonucleic acid (DNA), β-carotene, which is 
found in spirulina, may aid in the repair of injured 
liver cells (AlFadhly et al., 2022). Fish treated with 
spirulina also showed a small rise in the ratio of total 
protein to albumin. Spirulina offers preventative 
qualities that help keep the fish's kidney function in 
a healthy state (Mokhbatly et al., 2020).  
 
 

Histology of fish gill: 
Histological changes can be used to measure the 
degree of harm and damage caused by toxins, and 
they have proven to be very useful measurements 
(Raibeemol & Chitra, 2020). Several histological 
investigations reveal that the gills are the first organ 
to be attacked and the primary indicator of water 
quality in fish exposed to pesticides. In addition to 
respiration, the gills of fish are essential for a number 
of other critical processes, including the control of 
ions, the release of nitrogenous waste products, and 
the regulation of acid-base. The function of the fish's 
gills was significantly harmed by exposure to any 
toxicants or pollutants (Nagaraju Bantu et al., 2017). 
In the present study various histopathological 
changes were observed in fish gills when they 
exposed to Thiophanate methyl. In chemical free 
control group, no damage was observed in gill tissues 
of fish. Histological observations of gill tissues 
showed bone cell deformities, lamellar aneurysm, 
hyperplasia, degenerative primary gill lamellae in fig 
14 (b). Jamil et al. (2024) showed similar finding 
when fish exposed to pesticide. A number of 
previously published studies reported similar 
degenerative alterations in the gills in response to 
pesticide exposure (Nilsson, 2007; Tabassum et al., 
2016). Under extreme circumstances, a large number 
of erythrocytes that remain in capillaries develop 
aneurysms, which harm the epithelium (Melletti et 
al., 2004). Fig 14 (c) showed some recovery patterns 
when fish exposed to the moringa. Shahzadi et al. 
(2024) showed similar finding when fish exposed to 
moringa leaf powder. After exposed to spirulina the 
gills also show some repairing patterns as shown in 
fig14 (d). Similar studied by Satyantini et al. (2022) 
in fish gills. 
 
Conclusion 
The present investigation provides clear evidence 
that thiophanate methyl exerts profound toxic effects 
on Oreochromis niloticus, disrupting lipid metabolism, 
impairing liver and kidney function, reducing 
protein synthesis, and causing severe structural 
damage to gill tissues. Biochemical alterations, 
including significant elevations in cholesterol, 
triglycerides, LDL, VLDL, hepatic enzymes, and 
renal markers, alongside marked reductions in HDL, 
total protein, albumin, and globulin, reflect systemic 
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physiological stress. Histopathological examination 
confirmed extensive gill damage, such as bone cell 
deformities, lamellar aneurysm, epithelial 
hyperplasia, and degeneration of primary lamellae. 
Dietary supplementation with Moringa oleifera and 
Arthrospira platensis markedly mitigated these 
alterations through antioxidant, hepatoprotective, 
and reno-protective mechanisms, with Spirulina 
showing slightly superior efficacy in restoring protein 
and renal profiles, while Moringa demonstrated 
strong liver-protective effects. These findings not 
only validate the protective potential of these natural 
feed additives but also underscore their relevance as 
sustainable, eco-friendly interventions for enhancing 
fish resilience and ensuring the long-term health and 
productivity of aquaculture systems in pesticide-
contaminated environments. 
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