
965

*Corresponding Author: Fawiziah Khalaf Alharbi. Department of Biology, College of Science, Qassim University, Buraydah, 
Saudi Arabia. Email: hrbief@qu.edu.sa

Articles published in Open Veterinary Journal are licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

Open Veterinary Journal, (2025), Vol. 15(2): 965-976
ISSN: 2226-4485 (Print)� Research Article
ISSN: 2218-6050 (Online)� DOI: 10.5455/OVJ.2025.v15.i2.45

	 Submitted: 30/12/2024	 Accepted: 07/02/2025	 Published: 28/02/2025

The mitigating effect of dietary β-glucan against fipronil-induced 
intoxication in Nile Tilapia (Oreochromis niloticus): Histopathological, 

immunological, hematological, and biochemical analysis
Fawiziah Khalaf Alharbi*

Department of Biology, College of Science, Qassim University, Buraydah, Saudi Arabia

ABSTRACT
Background: Due to its remarkable effectiveness against a wide range of pests and insects at very low concentrations, 
the broad-spectrum fipronil pesticide is currently gaining popularity in the agricultural, public health, and international 
industries. However, the stressor effects of fipronil insecticides cause ecological disruption, growth retardation, 
immunosuppression, and higher fish mortality rates. Both animals and humans have demonstrated the effectiveness 
of prebiotics such as β-1,3-glucan in their diets. Aquaculture has recently increased in use because of its potential to 
control diseases, compete with environmental stresses, and promote fish growth.
Aim: The goal of this study was to determine how dietary β-1,3-glucan can protect Nile Tilapia (Oreochromis niloticus) 
fish from fipronil’s harmful effects. 
Methods: We randomly divided 240 fish into four equal groups. As a control, the first group (G1) was fed a standard 
diet. A 0.1% dose of -1, 3-glucan was added to G2. Fipronil was added to G3 at a concentration of 2.8 mg/l (1/10 96 h 
LC50). At the indicated concentrations, G4 was combined with β-1, 3-glucan, and fipronil. Alterations in vital signs, 
metabolic profiles, immunological responses, blood counts, and any histological abnormalities in the liver or spleen of 
the fish were investigated and recorded. 
Results: The fipronil-exposed group exhibited slow mobility, respiratory discomfort, and increased mucus secretion. 
Several blood markers, like immunoglobulin M and lysozyme, were found to be significantly lower. On the other 
hand, the levels of aspartate aminotransferase, alanine aminotransferase, urea, creatinine, and cortisol in the serum 
were significantly higher. Liver histopathology revealed hemorrhagic blood vessels, steatosis in hepatocytes, hydropic 
degeneration, and widespread necrosis. Furthermore, we noted serious splenic parenchymal necrosis, hemorrhagic red 
pulp, white pulp depletion, and hemosiderosis. Histological changes were slowed by G4, which had β-1,3-glucan and 
fipronil. Moreover, it increases blood markers and physical activity levels. 
Conclusion: The results show that β-1,3-glucan is an effective dietary supplement for Nile tilapia, and it improves 
their health, increases their immunity, and neutralizes fipronil contaminants in fish farming. 
Keywords: Fipronil, β-1,3-glucan, Toxicity, Nile Tilapia, Histopathological, Immunological, Biochemical.

Introduction
Due to the severe decline in biodiversity that has 
occurred in recent decades, freshwater ecosystems 
are among the most fragile on Earth (Geist, 2011).  
From a pragmatic and financial perspective, fish are an 
excellent protein source for poor nations (Soliman and 
Yacout, 2016). According to Doak and Morris (2010), 
fish ecosystems are under threat from a variety of 
stressors, including chemical contamination, nutrient 
fluctuations, climate change, habitat loss, exploitation, 
acidification, and biological invasion.
A major contributor to chemical stress is the widespread 
and careless use of pesticides, especially in agriculture, 
which contaminates water sources and poses a threat to 

aquatic life (Barbieri, 2009; Schäfer et al., 2011). When 
pesticides pollute waterways to dangerous levels, they 
kill fish or cause them to starve to death by killing 
food sources. Researchers have also shown that many 
toxicants can damage aquatic organism tissues and 
slow down their reproduction and growth (Kalavathy 
et al., 2001; Srivastav et al., 2002). 
With its broad spectrum of action, fipronil is a new 
insecticide that belongs to the N-phenylpyrazole 
class. The International Union of Pure and Applied 
Chemistry refers to the chemical compound known 
as fipronil is referred to as (±)-5-amino. In addition to 
being referred to as -1-(2,6-dichloro-α,α,α-trifluoro-
p-tolyl)-, P4-trifluoromethyl sulfinyl pyrazole-3-
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carbonitrile is known as according to Tomlin (2006). 
The Environmental Protection Agency (EPA) of the 
United States has identified fipronil as a potential 
substitute for organophosphate compounds (U.S. EPA, 
2002; Chiovarou and Siewicki, 2008). 
As a result of its lipophilicity and persistency properties, 
fipronil has recently garnered much attention and is 
utilized extensively in agriculture, public health, and 
international markets (Mulrooney et al., 1998; Tingle 
et  al., 2003). This is because it is effective against a 
wide variety of pests at very low concentrations. 
One application not related to agriculture is the 
management of veterinary pests (Jennings et al., 2002). 
It was demonstrated by Tomlin (2006) and U.S. EPA 
(1996) that fipronil is effective against a wide range of 
insects. On the other hand, Zhang et al. (2018) reported 
that fipronil has been linked to a number of negative 
health effects in both humans and animals. There are a 
number of impacts, one of which is the encouragement 
of neuronal cell damage, which ultimately results 
in death through the production of reactive oxygen 
species. Furthermore, compared with fipronil, the 
metabolites sulfone and sulfide are significantly more 
hazardous (Wang et al., 2019). 
The effects of fipronil are quite noticeable in a number 
of fish species. Researchers found that fipronil can have 
genotoxic and cytotoxic effects, weaken the immune 
system, and stop growth in amounts below the level 
needed to kill. It can also have other effects that are 
not fatal. The harmful effects differ according to the 
type of fish and the method of exposure. In water, 
fipronil induces changes in the gills of Caspian white 
fish (Ardeshir et al., 2017), as well as changes in the 
skin color and behavior of juvenile brown shrimp (Al-
Badran et al., 2018). These changes were observed in 
both white fish and brown shrimp. Bownik and Szabelak 
(2021) explained the physiological and behavioral 
changes in Daphnia magna. According to the findings 
of numerous studies, fipronil is extremely harmful to 
Nile tilapia. According to Guedes et al. (2020), when it 
accumulates in the tissue of fish, it causes the fish to die 
and causes cell and gene damage. 
Several researchers, including Ansoar-Rodríguez et al. 
(2015), Correia et  al. (2017), and AnvariFar et  al. 
(2018), have reached a consensus that the species 
Oreochromis niloticus, also known as Nile tilapia, is 
an effective method for identifying contaminants in 
the environment. Some researchers, like Piner and 
Uner (2012), Ansoar-Rodríguez et  al. (2016), Jia 
et  al. (2019), and Meng et  al. (2019), have reported 
that this species has been utilized for the purpose of 
identifying stress proteins and DNA fragmentation. 
These molecular biomarkers provide valuable 
information regarding the extent of pesticide toxicity. 
There are a number of negative effects of fipronil on 
the hematological, biochemical, histopathological, and 
other growth performance indicators of Nile tilapia. In 
addition, it alters the expression of genes involved in 

apoptosis, stress, inflammation, and antioxidants (Fadl 
et al., 2022). 
Araújo and Blasco (2019) found that fish populations 
drop, disease immunity drops, and predator avoidance 
drops when exposed to repeated exposure to pesticide 
pollutants. Pollutants have an indirect impact on human 
health and aquaculture. People who eat seafood can 
absorb some contaminants. 
There is growing concern about the potential hazardous 
effects of pesticides on fish tissues for commercial 
purposes, especially because Nile tilapia is consumed 
by people in large quantities. It is important to identify 
natural compounds that can be added to fish food to 
improve their health and immunity. This is necessary 
to prevent fish from getting sick and transmitting 
pollution to humans. Animal and human studies 
have demonstrated the efficacy of prebiotics in food. 
Recently, they have been in the spotlight in aquaculture 
for their potential to boost the development of farmed 
fish, compete with various environmental stresses, 
and manage diseases. Welker et  al. (2007) say that 
β-Glucans have been widely used as a prebiotic in 
aquaculture to help many types of fish live longer, 
grow faster, and convert more food into energy.  
Based on the information provided, the introduction 
of fipronil insecticide into rivers can cause damage 
to ecosystems. This can, in turn, affect physiological 
parameters, stunt growth, depress the immune system, 
and increase the mortality rate of fish. Oreochromis 
niloticus, often known as Nile tilapia, is a tropical 
freshwater fish that many nations enjoy eating. 
Pesticides have the potential to harm these fish, which 
are among the most farmed in the world. Consequently, 
safeguarding humans from the tissue remnants of these 
contaminants and minimizing their negative effects on 
Nile tilapia culture is of utmost importance. We think 
that giving Nile tilapia immunomodulatory substances 
like β-1,3-glucan prebiotics would improve their 
health by blocking the effects of fipronil stressors, 
strengthening their natural defenses, stopping changes 
that are not healthy, and so on. 
The goal of this study was to determine if dietary β-1,3-
glucan could protect Nile tilapia (O. niloticus) against 
fipronil poisoning. This was done by measuring different 
immunological, biochemical, and hematological 
parameters and looking at the fish’s tissues. Rather than 
spending a fortune on harmful pesticides, this approach 
would improve fish health while shielding fish eaters 
from harmful residues in fish tissues. 

Materials and Methods
Chemicals
We sourced 20% fipronil from YongNong Biosciences 
Co., Ltd. in China. Technical grade Fipronil 
(C12H4Cl2F6N4OS) produced by Bio Quest 
International Private Limited in Mumbai, India, 
contained equal amounts of the γ and β isomers. It 
was 99.1% pure. The dose used in the present study 
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was based on a previous report (El-Murr et al., 2015). 
We combined the basic diet components with dissolved 
beta-glucan: 1-glucan and 3-glucan (Sigma, USA), in 
phosphate-buffered saline (PBS). The mixture was 
then added to the components at a rate of 0.1% before 
palletization. A previous study (Nikl et al., 1992) was 
used to guide the feeding period, and β-1, 3 glucan dose 
was used in this study. 
Fish management and maintenance
Two hundred forty O. niloticus with an average body 
weight of 35 ± 1.0 g were used in this investigation. 
The fish used in this study were from a private farm in 
Abbassah, Sharkia Province, Egypt. The fish did not 
appear to have any external parasites or skin blemishes, 
suggesting that they were in excellent health. The first 
step in treating fish for fungal infections and external 
parasites is to soak them in a salt bath with 2.5% 
NaCl for 5 minutes. The glass aquaria was equipped 
with aerators and thermostatically regulated heaters. 
The water in each aquarium was chlorine-free and 
measured 80 x 30 x 40 cm. After the fish had acclimated 
to the laboratory setting for two weeks, the experiments 
began, lasting a total of two months. We fed them a 
baseline diet consisting of 30% crude protein. We fed 
the fish 5% of their body weight in dry matter three 
times a day. Over the course of the experiment, the 
water’s average values were as follows: temperature 
25.5 ± 2.0 1C, pH 6.4 ± 0.2, dissolved oxygen 5.1 ± 2.0 
mg/l, non-ionized ammonia 0.8 ± 0.01 µg/l, and nitrite 
0.06 ± 0.01 mg/l. 
Experimental protocol
We separated the fish into four distinct groups, each 
of which contained twenty fish in each aquarium. A 
conventional meal was given to the fish in the first group 
(G1), which served as the control group. There were 
no supplements or other interventions administered to 
the fish in this group. Furthermore, the second group, 
denoted as G2, was provided with a conventional meal 
containing 0.1% β-1, 3-glucan. In the third group 
(G3), participants were given a conventional meal 
while being exposed to 2.8 mg/l (1/10 96 h LC50) of 
fipronil. For the fourth group of fish, which we refer to 
as G4, a basic meal consisting of 0.1% 1,3-β-glucan 
was administered prior to their exposure to fipronil 
at the concentrations that were discussed before. The 
fish were observed on a regular basis to check for any 
changes in coloration, abnormal behavior, clinical 
signs, or respiratory distress. This was done to ensure 
that the fish were in good health. Both the mortality 
rate and the postmortem lesions found on the fish that 
were impacted were reported.
Sample collection
At the end of the experiment, blood samples were 
collected by gently shaking a medical syringe that had 
been washed with Ethylenediamine tetraacetic acid 
(EDTA) solution (an anticoagulant) and puncturing 
caudal blood arteries. We then used the blood sample 
for hematological analysis. We drew serum blood 

without using an anticoagulant and stored it at −20°C 
until we measured biochemical and immunological 
parameters. After this, we beheaded the fish and 
preserved their livers and spleens in neutral buffered 
formalin for subsequent histological analysis.
Humoral immunological studies
Lysozyme test: The turbidometric technique was used 
to measure serum lysozyme concentrations (Schultz, 
1987). We used an Enzyme-linked immunosorbent 
assay (ELISA) kit, C (alog Number CSB-E12045Fh (96 
tests) to measure immunoglobulin M (IgM), CUSABIO 
BIOTECH CO., LTD. The assessment involves several 
biochemical variables. Blood tests were performed 
for cortisol, aspartate aminotransferases (AST), and 
alanine aminotransferases (ALT), urea, and creatinine. 
We estimated the following hematological parameters: 
red blood cell (RBC) count, packed cell volume (PCV), 
hemoglobin, and total leukocyte count. 
Histopathological examination
Liver and spleen samples were collected and quickly 
fixed in 10% buffered neutral formalin solution for at 
least 48 hours prior to histopathological analysis. The 
samples were then processed histologically, which 
included dehydrating them in ethanol grades from 70% 
to 100%, cleaning them in xylene, and embedding 
them in paraffin. Following the steps outlined by 
Suvarna et  al. (2018), 5-micron-thick paraffin slices 
were prepared and regularly stained with hematoxylin 
and eosin dyes before examination under a microscope.
Statistical analysis
The statistical analysis presented the results as the 
mean ± SEM. To compare the four treatment groups for 
the various biochemical indicators, we utilized a one-
way analysis of variance as well as Tukey’s Honestly 
Significant Difference test. To demonstrate the statistical 
significance of our findings, we used a p-value of 0.05. 
GraphPad Prism 8.0.2 and the Statistical Package for 
the Social Sciences, version 24.0 (both created by IBM 
Corporation and located in Armonk, New York) were 
used to perform data analysis and visualization. 
Ethical approval
The Institutional Animal Care and Use Committee at 
Zagazig University in Egypt has assessed and approved 
the study protocol. They also assigned the approval 
number (ZU—IACUC; No. ZU-IACUC/ 2/F / 297 / 
2024). 

Results
Mortality rates in different Nile Tilapia (O. niloticus) 
groups   
In the third group exposed to fipronil, half of the Nile 
tilapia exposed to fipronil perished. The fourth group, 
which received β 1,3-glucan in addition to fipronil, 
experienced a mortality rate of 5%. There was no 
mortality in either the control group (G1) or the group 
that received β-1,3-glucan supplements (G2).
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Clinical signs and postmortem lesions
The third generation of fipronil-exposed fish showed 
no response to reflex tests, sluggish swimming, or 
respiratory distress. In addition, a thick coating of mucus 
engulfed the entire body. The gills also looked pale 
because there was a lot of mucus secreted from them. 
The postmortem examination revealed congestion of 
all internal organs and an enlarged gallbladder. On the 
other hand, the G4 group, which received both β-1,3-
glucan and fipronil, exhibited better physiological 
functions. They had a strong defense against capture, 
had no clinical symptoms, had no breathing problems, 
and had a normal weight. The fish in the G2 group that 
were given β-1,3-glucan had the most physiological 
health benefits and gained the most body weight 
among the four groups that were studied. The fish in 
the G1 control group, on the other hand, had no unusual 
symptoms and weighed healthy weights. 
Hematological evaluation
All hematological parameters measured in the 
third group of fish exposed to fipronil decreased 
significantly. These included the numbers of RBCs, 
PCV, hemoglobin, and total leucocyte counts (TLCs). 
On the other hand, all of the hematological parameters 
measured increased significantly in the groups that 

were treated with β-1,3-glucan, either by itself (G2) or 
with fipronil (G4) (Fig. 1). 
Humoral immunological parameters
The amounts of lysozymes and IgM in G2 that 
received β-1,3-glucan were much higher than those in 
the control group. Fipronil significantly decreased the 
amounts of IgM and lysozyme in G3 fish compared 
with G1 and G2. Although G4 was given β-1,3-glucan 
and fipronil as supplements, lysozymes, and IgM levels 
were slightly lower, but they were still approximately 
the same as in the control fish (Fig. 2). 
Biochemical parameters
Compared with the G1 control group, the G2 groups 
that were treated with β-1,3-glucan alone, and the G4 
groups that were treated with both β-1,3-glucan and 
fipronil, the levels of ALT and AST in the blood of O. 
niloticus G3 animals exposed to fipronil were greater 
in the G3 animals. In addition, the levels of both 
blood cortisol and renal function markers, specifically 
creatinine and urea, increased. In Figure 3, it is evident 
that the incorporation of β-1,3-glucan and fipronil 
into G4 resulted in a favorable impact, resulting in 
a reduction of cortisol levels as well as all liver and 
kidney indicators that were examined. 

Fig. 1. Showing the effect of fipronil and β-1,3-glucan on some hematological parameters; RBCs (red blood 
cells), total leucocytes counts, packed cell volume, hemoglobin for all experimental groups. According to 
Tukey’s Honestly test, the different letters (a–c) were significantly different between treatments at the p < 0.05 
level. 
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Histopathology examination
This study showed that the liver and spleen 
histoarchitecture did not change significantly in the 
G1 group, control group, or the group that was given 
β-glucan. This was based on histological examination. 
Regarding the histoarchitecture of all the chosen organs, 
the G3 organ with fipronil showed the most significant 
pathological alterations. Moreover, all of the chosen 
organs displayed normal and intact histoarchitecture in 
the G4 that was supplemented with β-1,3-glucan and 
fipronil although the effect was minor.
The livers of Nile Tilapia (O. niloticus) fish in the G1 
control and G2 groups that had β-glucan added to them 
did not show any signs of disease. We found the liver 
normal, homogeneous, and undamaged. Hepatocytes 
were distributed around the edges of the hepatic lobules 
in a plate or cord pattern that started at the central vein 
and went outwards. Due to the extremely fine, loose 
connective tissue, the hepatic lobulations were difficult 
to visualize (Fig. 4a). Higher magnification reveals 
a sponge-like appearance in the liver parenchyma, 
primarily composed of large, irregular, polygonal 
hepatocytes. Large, solitary, central, or subcentral 
spherical nuclei, conspicuous nucleoli, and occasional 
binucleation are typical features of these hepatocytes. 
A pale or vacuolar region is often present in the 
nucleus. There is a lot of glycogen in hepatocytes; 
thus, their cytoplasm is pale and uniform. In addition, 
normal sinusoidal structures loaded with erythrocytes 
laterally separated the hepatic cords. Figure 4b shows 
the presence of melanomacrophage centers (MMCs) 
and Kupffer cells. 
The third group of Nile Tilapia had livers with 
widespread necrosis, many lymphocytes, and very 
few erythrocytes. Figures 4c and d shows areas of 
necrotic tissue with focally enlarged necrotic cells, 
pyknosis, and karyorrhexis of their nuclei. There were 
vacuolations (vacuolar degeneration) and widespread 
hydropic degeneration in the hepatocytes, as well 

as disorganization of the hepatic cord. We observed 
deterioration of the liver’s cellular architecture, 
along with massive distention, vacuolation, and 
microvesicular fatty degeneration. The study also 
revealed steatosis or fatty alterations within the 
cytoplasm of hepatocytes (Fig. 4d and e). Because 
proteins clumped together, hepatocytes had cytoplasm 
that was both homogeneous and acidophilic, indicating 
severe coagulative necrosis. A few vacuolated 
hepatocytes had a few eosinophilic hyalinized 
globules, which are sometimes called Mallory bodies, 
in their cytoplasm (Fig. 4d and e). Severe congestion 
in the hepatic blood vessels, especially the central vein 
(Fig. 4f), sinusoids, and hemorrhages (extravasated 
RBCs) among the hepatic cells were observed (Fig. 
4g). Figure 4h and i further shows that the portal blood 
vessels were severely congested and hemorrhaging. 
Figure 4j also shows the presence of lymphocytic 
infiltration throughout the liver tissue. Additionally, 
we noted fibrous tissue proliferation and severe bile 
duct thickening (Fig. 4k). The researcher found areas 
of long-lasting inflammation marked by the growth 
of fibrous connective tissue and the presence of cells 
that cause inflammation. Meanwhile, Figure 4l shows 
that the fourth group, which received a combination of 
fipronil and 1,3-β-glucan, had normal and undamaged 
hepatic parenchyma, regular hepatic cords, and minor 
congestion inside the central vein. 
As shown in Fig. 5a and b, the spleens of Nile Tilapia 
from the G1 control group and the G2 group that was 
given β-glucan did not exhibit any abnormalities. There 
was normal, undamaged parenchyma in the spleens; 
white pulp and red pulp as well as activated MMCs that 
stained darkly. The third group of Nile tilapia that was 
exposed to fipronil had moderate to severe necrosis of 
the splenic parenchyma. This showed uasdepletion in 
the white pulp, lymphatic nodules, and hemorrhage in 
the red pulp, and a loss of normal architecture in some 
areas (Fig. 5c). In severe haemosidriosis, red blood 

Fig. 2. Showing the effect of fipronil and β-1,3-glucan on some immunological parameters; lysozyme and 
immunoglobulin M for all experimental groups. According to Tukey’s Honestly test, the different letters (a–d) 
were significantly different between treatments at the p < 0.05 level. 
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cells break down and hemosiderin pigment leaks out. 
The pigment then accumulated, creating vast patches 
of golden yellow inside the splenic parenchyma 
(Fig. 5d and e). Furthermore, severe congestion and 
hemorrhage were noted within the splenic blood 
vessels in the red pulp (Fig. 5f). Meanwhile, Figure 5g 
also shows that the fourth group had normal and intact 
splenic parenchyma, accompanied by mild depletion of 
white pulp and small patches of hemosiderin pigment 
(Fig. 5g). 

Discussion
As the top predators in most water habitats, fish are 
also the most vulnerable to pollution. Besides adding 
harmful chemicals to fish meat and fish products, heavy 
metal contaminants can make fish less able to smell, 
swim poorly, have slower metabolisms, hurt important 
organs, and weaken their immune systems, all of which 
can raise their risk of getting sick or dying. Therefore, 
it is critical to increase resistance to contaminants like 
fipronil that could affect fish farming via streams and 

Fig. 3. Showing the effect of fipronil and β-1,3-glucan on some biochemical parameters; alanine aminotransferase 
and aspartate aminotransferase as liver function markers, urea and creatinine as kidney function markers, 
and cortisol for all experimental groups. According to Tukey’s Honestly test, the different letters (a–c) were 
significantly different between treatments at the p < 0.05 level. 
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Fig. 4. (a, b): Section of Nile Tilapia (Oreochromis niloticus) liver of the G1; control and G2 supplemented with β-glucan. a) 
showing normal, homogenous, intact hepatic parenchyma with normal central vein. b) Higher magnification of figure a showing 
normal and distinct radiated hepatic cords from the central vein to the periphery of the hepatic lobules (long arrow) with normal 
hepatocytes of irregular polygonal shaped cells with single, central, large vesicular nucleus and pale cytoplasm with slightly 
vacuolations (single arrow head), large like kupffer cells (short arrow) and melanomacrophage centers (double arrow heads).     
(c–k): Liver of fish of the G3 exposed to fipronil, c) showing diffuse necrosis, hydropic degenerations and vacuolations within 
the hepatocytes with disorganization of the hepatic cords (arrow head). d) showing diffuse microvesicular fatty degenerations , 
pyknotic central nuclei and pale cytoplasm with sever vacuolations (arrow), beside diffuse area of hydropic degeneration (arrow 
head). e) showing sever coagulative necrosis with homogeneous and acidophilic cytoplasm, due to the coagulation of cytoplasmic 
proteins (arrow head) and diffuse microvesicular fatty degenerations (arrow). f) showing sever congestion and hemorrhage of the 
central vein (arrow). g) showing congestion, hemorrhage and extravasated erythrocytes in between the hepatocytes (arrow). h, i) 
showing sever congestion and hemorrhage in the portal blood vessels. j) showing sever necrosis of hepatocytes infiltrated with 
numerous lymphocytes (arrow head). k) showing sever thickening of the bile duct with fibrous tissue proliferation (arrow head).
(l): liver of fish of the G4 supplemented with 1,3 β-glucan and fipronil showing normal, intact hepatic parenchyma and hepatic 
cord, but with mild to moderate congestion within the central vein (arrow). Stain: All (hematoxylin and eosin). Magnification 
power: All = X 400, except for a, f = X 100, and i = X 40.
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the environment. Improving the health and disease 
resistance of cultured fish is the goal of functional 
feeding, a new aquaculture paradigm that seeks to 
create balanced meals with feed additives (Li and Iii, 
2004). This study examined what happens when Nile 
tilapia are exposed to fipronil and how adding β-1,3-
glucan to their food can help lessen these adverse 
effects. 
The results revealed that G3 exposed to fipronil 
experienced a maximum mortality rate of 50%. The 
mortality rate was reduced to 5% in the G4 group that 
got β1,3-glucan + fipronil, which had a positive effect. 
Elmowalid et al. (2023) found that in catfish (Clarias 
gariepinus), the third group exposed to lead nitrate and 
fipronil had the highest death rate (45%. This conclusion 

is consistent with our own findings. On the other hand, 
in the fourth group, which received 1,3-glucan along 
with a combination of fipronil and lead nitrate, 5% of 
the participants died. A study by El-Murr et al. (2015) 
found that fish exposed to 0.014 mg/l of fipronil for 4 
days had a 53% mortality rate. Fish exposed to 0.0042 
and 0.002 mg/l for 10 weeks had rates of 21% and 8% 
mortality, respectively. 
The fish in the fipronil-exposed group (G3) had a slow 
escape reaction, moved slowly, had trouble breathing, 
and had a thick layer of mucus covering their bodies. 
A problem with the central nervous system caused by 
fipronil infection could be one reason for the symptoms 
and high death rates observed in fish. Gibbons et  al. 
(2015) reported that this disruption occurs because 

Fig. 5. 
(a) Section of Nile Tilapia (Oreochromis niloticus) G1 spleen; control group showing normal, intact splenic parenchyma; white 
pulp (arrow heads) and red pulp (arrow).  
(b) Section of Nile Tilapia (O. niloticus) G2 spleen supplemented with β-glucan showing normal, intact splenic parenchyma; white 
pulp (arrow heads) and red pulp (arrow).   
(c–f) Section of Nile Tilapia spleen of the G3 exposed to fipronil, c) showing necrosis of the splenic parenchyma; white and red 
pulps with some loss of normal architecture and depletion of the white pulp (arrow head). d, e) showing severe hemorrhage; 
hemolysis of RBCs and escape of large amount of haemosidrin pigment that accumulated forming large golden yellow patches of 
haemosiderin pigments within the splenic parenchyma (arrow). f) showing severe congestion and hemorrhage within the splenic 
blood vessels; red pulp (arrow).     
(g) Section of Nile Tilapia spleen of the G4 supplemented with 1,3 β-glucan and fipronil showing normal, intact splenic parenchyma 
but with mild depletion of white pulp (arrow head) and mild haemosidriosis represented in small golden yellow patches of 
haemosiderin pigments within the splenic parenchyma (arrow). Stain: All (hematoxylin and eosin). Magnification power: All = X 
100, except for a and b = X 40.
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fipronil stops chloride ions from moving through 
Gamma-aminobutyric acid (GABA) and glutamate-
gated chloride channels. This condition, in turn, causes 
muscular exhaustion, nervous manifestation, and 
respiratory distress. However, when G4 were given 
β-1,3-glucan along with fipronil, their physiological 
responses were better. They reacted more quickly 
when they were caught; they did not have any clinical 
symptoms; their weight was normal, and they did not 
have any trouble breathing. The results of Elmowalid 
et  al. (2023) in catfish (C. gariepinus) corroborated 
these findings. They found that fipronil and lead had 
negative toxic effects on catfish when supplemented 
with 1,3 β-glucan at a dose of 0.1%. In addition, giving 
the fish β-1,3-glucan supplements made their overall 
health, and the mortality rate decreased from 45% to 
5% during the 2-month study period. In addition, the 
groups that were given β-1,3-glucan in their food did 
not experience any strange physical changes, like 
losing weight, moving in strange ways, discolored 
skin, or changes in the shape of their spines (Nikl et al., 
1992). 
Hematological parameters were measured. In the G3 
fish that were exposed to fipronil, all of the parameters 
measured decreased significantly compared with the 
groups that were treated with β-1,3-glucan. These 
parameters included RBC count, PCV, hemoglobin, 
and TLC. Ghisi et al. (2011) first noticed that fipronil 
damages the production of erythrocytes in the 
silver catfish Rhamdia quelen. They discovered that 
erythrocytes are hurt at very low concentrations of 
fipronil (0.0002 mg/l, or 0.2 µg/l). El-Murr et al. (2015) 
also discovered that fish exposed to fipronil had lower 
hemoglobin and total leukocyte counts compared to 
the control group. Based on Clasen et al. (2012), this 
could be because hemoglobin changes quickly into 
methemoglobin or because fipronil produces oxygen 
radicals, which are harmful and cause oxidative stress. 
In addition, Gupta et  al. (2012) discovered that a 
sublethal dose (1/10th LC50) of Fipronil significantly 
decreased the number of red blood cells, white blood 
cells, and hemoglobin in caprinus carpio fry after 
45 days of exposure. Abouelghar et  al. (2020) also 
discovered that medium and high doses of fipronil 
lowered the hemoglobin, platelets, red blood cells, and 
white blood cells in mice after 28 days of exposure 
compared with the control group.
Based on the analysis of immunological markers, 
the group exposed to fipronil had much lower IgM 
and lysozyme levels. Compared with the control 
group and the group that was exposed to fipronil, the 
group that was given β-1,3-glucan had much higher 
levels of lysozymes and IgM. This suggests that the 
immune system was affected by fipronil in a way 
that dietary 1,3-glucan could help. Elmowalid et  al. 
(2023) conducted a study on catfish (C. gariepinus) 
and found that fipronil had an immunosuppressive 
effect. Researchers observed a significant decrease in 

the levels of interleukin-1 (IL-1), interleukin-6 (IL-6), 
and IgM. They also observed a drop in the expression 
of genes that encode these proteins. In addition, the 
catfish that were given β-1,3-glucan had significantly 
higher amounts of IL-1β, IL-6, and IgM in their plasma 
compared with the control group. Another study that 
supported these results was conducted by Gupta et al. 
(2014). They showed that fipronil weakens fish immune 
systems by lowering levels of lysozyme and nitroblue 
tetrazolium in the blood of Cyprinus carpio fry exposed 
to a low dose of fipronil (1/10th LC50 for 96 hours) for 
45 days. Clasen et al. (2012) reported the same results 
after administering C. carpio 0.65 mg/l fipronil for 7, 
30, and 90 days. They discovered that exposure altered 
the immune status of various common carp tissues, 
altered the antioxidant profile, and elevated oxidative 
stress parameters. Fipronil changes the activity of 
catalase and superoxide dismutase (SOD), which could 
be one reason for its negative effect on the immune 
system. Enzyme SOD provides the best defense against 
oxidative stress and is the first to react to free radicals 
(Van der Oost et al., 2003).
The biochemical parameters of G3 of O. niloticus 
exposed to fipronil showed a clear rise in serum levels 
of urea and creatinine, liver function markers (ALT 
and AST), and cortisol. This result was compared to 
the control group and the groups that were treated with 
β-1,3-glucan. These results exactly match those of El-
Murr et  al. (2015), who found that fipronil exposure 
increased serum levels of ALT and AST in Nile tilapia 
(O. niloticus) by a large amount. It is well-known that 
fipronil, like many harmful substances, can change the 
physiological and biochemical responses of aquatic 
creatures by affecting their metabolic enzyme profiles 
(U.S. EPA, 1996). There may be more AST in the liver 
because the pesticide affects Kreb’s cycle oxidation or 
because it makes enzymes work harder in response to 
insecticide stress (Arshad et al., 2007). Therefore, the 
stress effect and liver damage caused by the pesticide 
fipronil may explain the large increases in AST and 
ALT levels in the liver observed in this study. Gupta 
et al. (2012) placed C. carpio fry in water containing 
0.0428 mg/l fipronil for 45 days. This is about 1/10th 
of the LC50 for 96 hours. The fish exhibited increased 
serum cortisol levels. Another possible explanation for 
the high urea and creatinine levels is that fipronil has an 
effect on the ability of the kidneys to detox.
When we looked at the histopathology, our results 
showed that the spleen and liver histoarchitecture 
changed significantly in the group exposed to fipronil. 
Fat degeneration, hydropic degeneration, vacuolation 
in the hepatocytes, disorganization of the hepatic cords, 
lymphocytic infiltration in the hepatic parenchyma, 
and severe congestion and bleeding in the portal blood 
vessels were some of the changes that occurred. The 
splenic parenchyma also presented with considerable 
necrosis, loss of white pulp, bleeding red pulp, and 
severe hemosiderosis. However, these changes in 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
F. K. Alharbi� Open Veterinary Journal, (2025), Vol. 15(2): 965-976

974

histology were lessened by the G4 that had β-1,3-
glucan and fipronil. In a study on Nile tilapia, El-Murr 
et al. (2015) discovered that the fipronil-exposed group 
had focal areas of necrosis in the hepatic parenchyma, 
severe congestion in the hepatic blood vessels, diffuse 
hydropic degenerations and vacuolations in the 
hepatocytes, and diffuse fatty change. Current theories 
support these findings. A study by Elmowalid et  al. 
(2023) also showed that in catfish (C. gariepinus), 
the group given fipronil and lead had hemosiderosis, 
red pulp hemorrhagic areas, blood vessel dilation, 
and splenic parenchymal congestion. There was 
also significant white pulp depletion and necrosis; 
congestion of the red pulp and lymphoid depletion 
were observed in the group that received a low dose of 
fipronil, according to a new study on O. niloticus. The 
group that received a high dose of fipronil had fewer 
lymphoid cells and more severe necrosis of lymphoid 
and melanomacrophage cells. This happened regardless 
of the dose (Fadl et al., 2022). Additionally, the effects 
were not very strong, but the histoarchitecture of some 
organs in the group that took β-1,3-glucan and a mix of 
fipronil and lead looked normal and not hurt. Based on 
these results, β-glucan appears to be a potential dietary 
supplement for catfish that can improve their health, 
cause changes in their histopathology, boost their 
immunity, and neutralize fipronil and lead pollutants in 
their culture (Elmowalid et al., 2023).

Conclusion
Seeing Nile Tilapia (O. niloticus) exposed to fipronil 
led us to believe that adding β-glucan to their food 
can improve their health, stop changes in their tissues, 
and boost their immune system. Therefore, we highly 
recommend incorporating β-glucan in the diets of 
farmed fish whenever there is sufficient evidence of its 
positive effects in an effort to enhance general well-
being.
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