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Abstract
This study aimed to evaluate the protective effects of quercetin on the biochemical parameters, immunity, and growth per-
formance in malathion-exposed common carp, Cyprinus carpio. The methods six experimental groups, including the control 
group, fish exposed to concentrations of 1.04 and 2.08 mg/l malathion, fish supplemented with quercetin (200 mg/kg diet), and 
fish treated with quercetin + malathion for 21 days, were considered for the experiment. After the feeding period, in results the 
activities of catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), and glutathione S-transferase (GST) 
were significantly decreased in the hepatocyte, while malondialdehyde (MDA) content increased in response to malathion. 
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities and glucose, cortisol, and urea levels sig-
nificantly increased after exposure to malathion. Exposure of fish to malathion-induced decreases in protease, lysozyme, and 
alternative complement (ACH50) activities and total immunoglobulin (total Ig) in the mucosa. Changes in other parameters 
were different depending on malathion concentrations. The supplementation of fish with quercetin had no ameliorating 
effect on the malathion-related alternations of mucosal lysozyme and protease activities. However, quercetin ameliorated 
the depressing effects of malathion on biochemical and immunological parameters. Changes in the growth performance and 
hematological parameters indicated the toxic effect of malathion. In conclusion, quercetin could efficiently reduce the toxic 
effects of malathion on the biochemical, immune, and hematological parameters of the common carp.
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Introduction

Pollution of aquatic environments is known as one of the 
most important environmental problems in the world. Today, 
a variety of pollutants such as pesticides, heavy metals, oils 
and their derivatives, and hydrocarbons threaten the life 
of organisms in both freshwater and seawater (Khabbazi 
et al. 2015; Heidary et al. 2016). Organophosphate insec-
ticides are used in Iran to control pests and thus increase 
crop yield (Chorehi et al. 2013; Hedayati et al. 2015; Shah-
bazi Naserabad et al. 2015; Bekele et al. 2021). Malathion 
(C10H19O6PS2) is one of the most widely used organophos-
phate pesticides in the world (Bharti and Rasool 2021). 
Growing use of malathion in urban and agricultural envi-
ronments has increased the release of this insecticide into 
aquatic ecosystems mainly through surface runoff, farmland 
drainage, or direct application (Bharti and Rasool 2021; 
Rebechi et al. 2021). Following penetration and leakage 
of pesticides into surface waters, they can enter fish’s body 
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through the food chain and absorption via the skin and gills, 
causing oxidative stress, genotoxicity, and behavioral and 
physiological changes (Ince et al. 2017; Ullah et al. 2018; 
Guo et al. 2021).

Physiological and behavioral disorders have been 
observed in experiments testing the effects of malathion 
on aquatic organisms (Shahbazi Naserabad et al. 2015; 
Alavinia et al. 2019). Bharti and Rasool (2021) detected 
that spotted snakehead, Channa punctatus (Bloch), shows 
biochemical changes and histopathological lesions after 
exposure to malathion. Histopathological damages and 
changes in the expression of oncogenes were also found 
in tambaqui, Colossoma macropomum, after exposure to 
malathion (de Souza et al. 2020). Malathion caused hema-
totoxicity and also disruptions in biochemical homeostasis 
in catfish (Heteropneustes fossilis) and rohu (Labeo rohita, 
Hamilton) (Karmakar et al., 2013; Ullah et al. 2018). Endo-
crine disruptive toxicity was observed in male zebrafish, 
Danio rerio, and catfish, Clarias batrachus (Linn.), fol-
lowing exposure to malathion (Lal et al. 2013; Guo et al. 
2021). The genotoxicity and neurotoxicity potential of 
malathion was shown in the rainbow trout, Oncorhynchus 
mykiss (Alavinia et al. 2019).

Due to the increasing growth of industries and following 
increases in environmental pollutants, exposure of fish to 
xenobiotics seems to be an inevitable event (Heidary et al. 
2016; Ballesteros et al. 2017; Burgos-Aceves et al. 2019; 
Ibor et al. 2019). Therefore, researchers are looking for 
practical ways to reduce the toxicity of pollutants in aquatic 
animals.

Today, use of dietary supplements to improve the immune 
system against environmental stressors, especially diseases 
and toxins in fish and other vertebrates, has widely increased 
(Fallahpour et al. 2014; Solomon et al., 2018; Ghafarifarsani 
et al. 2021b; Hedayati et al. 2021; Rashidian et al. 2022). 
One of these ways is use of natural and synthetic antioxi-
dants to improve the detoxifying and antioxidant defense 
system in organisms (Solomon et al., 2018; Hajirezaee et al., 
2020; Zeng et al. 2021).

Quercetin is a plant flavonoid, which is absorbed in gut 
cells as glycosides and enters the intestinal lumen after being 
hydrolyzed to glycine (Parhi et al. 2020). Intestinal micro-
flora plays a vital role in the hydrolysis and absorption of 
quercetin in the intestine (Liu et al. 2014; Jia et al. 2019; 
Zhang et al. 2020).

As a natural antioxidant, quercetin has a significant 
effect on the activity of antioxidant enzymes and cellu-
lar glutathione levels and inhibition of lipid peroxida-
tion (Pês et al. 2018; Jia et al. 2019). Quercetin can also 
affect cellular signalling pathways such as nuclear fac-
tor, erythroid 2-like 2 (NRF2), mitogen-activated pro-
tein kinase (MAPK), and AMP-activated protein kinase 

(AMPK) (Tang, et al. 2020). Quercetin has anti-inflam-
matory properties and reduces inflammation by inhibit-
ing the secretion of cytokines, reducing the production 
of cyclooxygenase-2 (COX-2) and lipoxygenase (LOX), 
and maintaining the stability of mast cells (Chaturvedi 
et al. 2020). Also, it is recognized that interleukin (IL-
1, IL-6, IL-10) and tumor necrosis factor (TNF-α) are 
affected by quercetin (Karimi et al. 2021). Quercetin can 
inhibit fibrosis in cholestasis liver injury rats by down-
regulating the expression of TGF-β1 and α-SMA and 
preventing oxidative stress (Xiao et al. 2020). Quercetin 
has neuroprotective effects and anti-cancer activity (Tang 
et al. 2020). The protective effects of quercetin on the 
prevention of oxidative stress in oxytetracycline-treated 
fish have been reported (Pês et al. 2018). Moreover, the 
impact of quercetin on growth performance, antioxidant 
capability, and innate immunity of fish has been studied 
by Jia et al. (2019) and Bhattacharjee et al. (2020). Com-
mon carp, Cyprinus carpio, is one of the most important 
farmed fish species in the world (Monsef et al. 2016; Saf-
far Shargh et al. 2017; Abilov et al. 2021). The nutritional 
management of the common carp has been the focus of 
many studies to improve growth, immunity, and fish 
welfare (Mohammadi et al. 2020; Al-Shawi et al., 2021; 
Ghafarifarsani et al., 2021a; Hedayati et al. 2021; Raissy 
et al. 2022; Rudiansyah et al. 2022).

This study aimed to evaluate the protective effects of die-
tary quercetin toxicity induced by malathion in C. carpio. 
The results of this study may help find a natural solution to 
moderate the effects of insecticides on fish.

Materials and methods

Fish

The common carp, Cyprinus carpio, with an average weight 
of 15.35 ± 0.08 g, were purchased from a local fish farm in 
Rasht, Iran, and transferred to a private farm. Specimens 
were acclimatized with lab conditions for 2 weeks in aer-
ated freshwater (temperature: 24 ± 2 °C; dissolved oxygen: 
6–7 mg/l; pH: 7.4 ± 0.2; photoperiod: 13 h light and 11 h 
dark). During the acclimatization period, fish were fed two 
times daily with formulated diet from Faradaneh, Co., Shah-
rekord, Iran (38–41% crude protein, 4–8% crude lipid, 3–6% 
crude fiber, 1–1.5% digestible phosphorus, 5–11% moisture, 
7–11% ash).

Quercetin

Quercetin (> 95% purity, Sigma Chemical Co., USA). 
Adjusted concentrations of quercetin were mixed with 

22   Page 2 of 15 Tropical Animal Health and Production (2023) 55:22



1 3

commercial diet to achieve 200 mg/kg diet. In this regard, 
the basal diet was first powdered by a mill, the quercetin 
at an adjusted level added, and then water added to form a 
paste. Then, the paste was pelleted (diameter: 3 ± 0.3 mm) 
using an industrial meat grinder and kept at room tempera-
ture for 24 h to dry. To adjust the pellet size with fish mouth, 
the pellets were crushed after drying. Finally, the feeds were 
stored in the refrigerator at 4 °C (Ghafarifarsani et al. 2022a, 
b a, b). The dietary levels of quercetin were selected accord-
ing to the levels used in other studies (Park et al. 2010; Zhai 
and Liu 2013; Pês et al. 2016; Jia et al. 2019; Xu et al. 2019).

Malathion

Malathion (57% EC) was bought from a store. Stock solu-
tion of malathion was mixed with distilled water to achieve 
1.04 mg/l (25% of LC50 96 h) and 2.08 mg/l (50% of LC50 
96 h). LC50 96 h was calculated for fish in a previous test 
(Table  1). The exposure concentrations were selected 
according to the concentrations used by other studies (Topal 
et al. 2014; Hamed 2015; Ghafari Farsani et al. 2016; Poor-
bagher et al. 2018; Khoei 2021).

Experimental design

Specimens were distributed randomly into six groups in 
three replicates with a stocking rate of 20 fish per replicate (a 

total of 360 fish). The fish were fed with 200 mg/kg querce-
tin for 21 days and were simultaneously exposed to different 
concentrations of malathion.

Experimental groups included T1: control group fed with 
commercial diet only, T2: fish exposed to 1.04 mg/l mala-
thion, T3: fish exposed to 2.08 mg/l malathion, T4: fish fed 
supplemented diet with 200 mg/kg quercetin, T5: fish fed 
supplemented diet with 200 mg/kg quercetin and exposed to 
1.04 mg/l malathion, and T6: fish fed supplemented diet with 
200 mg/kg quercetin and exposed to 2.08 mg/l malathion.

All fish fasted for 24 h before sampling. After anesthetiz-
ing the fish (10 fish/tank) with clove powder (150 mg/l), 
blood was collected from the venous stem vein using a 
2.5-cc syringe impregnated with anticoagulant. Then, the 
blood samples were aliquot into two parts for hematology 
and blood biochemical analysis. A portion of the blood was 
centrifuged at 4000 rpm for 15 min at 4 °C to obtain plasma. 
Plasma was collected and stored at − 70 °C until biochemi-
cal analysis.

Growth performance

After blood sampling, all fish per tank (n = 20) were cap-
tured and weighted individually and growth performance 
was measured based on the following formula (Fallahpour 
et al. 2014; Hajiradkouchak et al. 2019):

Weight gain (WG) (g) = initial weight − final weight

Specific growth rate (SGR) (%∕d) = ({ln final wt(g) − ln initial wt(g)}∕days) × 100

Feed conversion rate (FCR) = total feed given (g)∕weight gain(g)

Survival rate (SR) (%) = (final numbers∕initial numbers) × 100

Hematological parameters

The blood was immediately used to count the number of 
erythrocytes (RBC) and leukocytes (WBC) by means of 
a hemocytometer slide at a magnification of 400 × (Sohn 
and Henry 1969). Hematocrit (Hct) was estimated by the 
microhematocrit method (Blaxhall and Daisley 1973), and 
hemoglobin (Hb) content was measured by using the cyano-
hemoglobin method (Rawling et al. 2012). Mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH), and 
mean corpuscular hemoglobin concentration (MCHC) as red 
blood cell indices were calculated based on the following 
formula (Blaxhall and Daisley 1973):

Table 1   Lethal concentrations (LC1-90) of malathion depending on 
time (24–96 h) for C. carpio (mean ± SE)

Point Concentration (ppm) (95% of confidence limits)

24 h 48 h 72 h 96 h

LC10 3.71 ± 0.06 3.34 ± 0.06 2.61 ± 0.08 2.45 ± 0.12
LC30 5.60 ± 0.06 5.25 ± 0.06 3.89 ± 0.08 3.47 ± 0.12
LC50 6.91 ± 0.06 6.57 ± 0.06 4.78 ± 0.08 4.17 ± 0.12
LC70 8.22 ± 0.06 7.89 ± 0.06 5.67 ± 0.08 4.88 ± 0.12
LC90 10.10 ± 0.06 9.79 ± 0.06 6.96 ± 0.08 5.90 ± 0.12

Page 3 of 15    22Tropical Animal Health and Production (2023) 55:22



1 3

Biochemical parameters

Aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP), and acid phosphatase 
(ACP) activities were measured using biochemical reagents 
obtained from Pars Azmun Co, Iran. Total protein, albumin, 
glucose, cholesterol, triglyceride, urea, and creatinine levels 
were estimated using diagnostic biochemical kits obtained 
from Pars Azmun Co, Iran. Measured using an automatic 
biochemical analyzer (Roche Hitachi 911 Chemistry Ana-
lyzer, Tokyo, Japan). Cortisol levels were detected using a 
commercial ELISA kit (Zellbio®, Berlin, Germany).

Immunological parameters

The myeloperoxidase activity (MPO) in serum was assayed 
following the method presented by Zheng et al. (2018). The 
total immunoglobulin (total Ig) levels were assayed using 
polyethylene glycol (Banaee et  al. 2019a). Alternative 
complement (ACH50) activity was assessed using sheep 
red blood cells and vernal buffer (Ahmadi et al. 2014). 
Lysozyme activity was measured using lyophilized Micro-
coccus luteus (sigma).

Oxidative stress biomarkers

Superoxide dismutase (SOD), glutathione peroxidase (GPx), 
glutathione S-transferase (GST), and catalase (CAT) activi-
ties and malondialdehyde (MDA) content were determined 
using a commercial kit (Zellbio®, Berlin, Germany).

MCHC = Hb × 10∕Hct

MCV = Hct × 10∕RBC (million)

MCH = Hb × 10∕RBC (million)

Statistical analyses

Data analysis was done by SPSS statistical software. 
All data were analyzed by one-way analysis of variance 
(ANOVA), after performing the data normality test by Kol-
mogorov–Smirnov test. When differences were found among 
treatments, Tukey’s test was used to compare means. Dif-
ferences were considered at a significant level of p < 0.05.

Results

Growth parameters

The final weight (FW) and WG (g) significantly decreased 
in all malathion-exposed fish compared to control 
(Table 2, p < 0.05). In contrast, these parameters signifi-
cantly increased in fish supplemented only with quercetin 
(T4) compared to control (T1) (Table 2, p < 0.05). WG% 
showed significant decreases in malathion-exposed fish 
(Table 2, p < 0.05), while there were no significant differ-
ences between only quercetin-supplemented fish and con-
trol (Table 2, p > 0.05). The values of FCR significantly 
increased in malathion-exposed fish compared to control 
(Table 2, p < 0.05). However, quercetin in the diet somewhat 
moderated the malathion-induced increases in FCR, so that 
the FCR values in fish supplemented only with quercetin and 
those of 1.04 mg/l malathion + quercetin (T5) were similar 
to control (Table 2, p < 0.05). Except for only quercetin-
supplemented fish, the SGR values significantly decreased 
in all groups compared to control (Table 2, p < 0.05). The 
SGR values were significantly higher in the treatment only 
quercetin than those in control (Table 2, p < 0.05).

Hematology

The RBC and WBC concentrations significantly increased 
in fish supplemented only with quercetin and those with 

Table 2   Growth and feeding performance of C. carpio in six experi-
mental groups, including T1: control group, T2: fish exposed to con-
centrations of 1.04 mg/l malathion, T3: 2.08 mg/l malathion, T4: fish 

supplemented with quercetin (200 mg/kg diet), T5: fish treated with 
quercetin + malathion (1.04  mg/l), and T6: quercetin (200  mg/kg 
diet) + malathion (2.08 mg/l) for 21 days

IW, initial weight; FW, final weight; WG, weight gain; FCR, feed conversion ratio; SGR, specific growth rate; SR, survival rate. Data are repre-
sented as mean ± SE. Different letters (a–d) in the same row indicate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

IW (g) 15.38 ± 0.21 15.24 ± 0.20 15.44 ± 0.35 15.28 ± 0.22 15.59 ± 0.22 15.21 ± 0.12
FW (g) 47.10 ± 1.22c 40.00 ± 1.30b 35.69 ± 1.48a 50.88 ± 1.12d 42.20 ± 1.44b 40.28 ± 0.92b

WG (g) 31.72 ± 1.40c 24.76 ± 1.53b 20.25 ± 0.89a 35.60 ± 1.51d 26.61 ± 1.21b 25.07 ± 0.60b

WG (%) 206.41 ± 7.49c 162.68 ± 7.47b 131.14 ± 1.18a 233.22 ± 9.06c 170.70 ± 3.86b 164.93 ± 4.97b

FCR 1.61 ± 0.012ab 1.74 ± 0.008d 1.77 ± 0.010a 1.57 ± 0.008a 1.64 ± 0.008bc 1.68 ± 0.011c

SGR (% d−1) 1.86 ± 0.040c 1.60 ± 0.048b 1.39 ± 0.008a 2.00 ± 0.045c 1.65 ± 0.023b 1.62 ± 0.031b

SR (%) 98.66 ± 0.66c 94.00 ± 0.57ab 92.33 ± 0.33a 100.00 ± 0.00c 95.00 ± 0.57b 94.33 ± 0.66ab
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2.08 mg/l malathion + quercetin (T6) compared to control 
(Table 3, p < 0.05). The values of Hct showed significant 
increases in fish supplemented only with quercetin compared 
to control (Table 3, p < 0.05). Hct significantly decreased 
in the treatment 1.04 mg/l malathion compared to control 
(Table 3, p < 0.05). There were no significant differences in 
MCHC and MCH values between the experimental groups 
(Table 3, p > 0.05). However, the values of MCV showed 
significant decreases in the treatment 1.04 mg/l malathion 
compared to control (Table 3, p < 0.05). There were no sig-
nificant differences in MCV values between the other groups 
and control (Table 3, p > 0.05).

Biochemical compounds in serum

The levels of total protein and albumin were significantly 
lower in malathion-exposed fish and treatments mala-
thion + quercetin compared to control (Table 4, p < 0.05). 
Fish supplemented only with quercetin and those with 
1.04 mg/l malathion + quercetin showed no significant 

differences with control (Table 4, p > 0.05). There were no 
significant differences in globulin levels between experi-
mental groups (Table 4, p > 0.05). The levels of triglyc-
eride significantly decreased in the treatment 2.08 mg/l 
malathion and fish supplemented only with quercetin 
(Table 4, p < 0.05). There were no significant differences 
in triglyceride levels between other experimental groups 
with control (Table 4, p > 0.05). The levels of glucose 
(Table 4, p < 0.05) and cortisol (Table 4, p < 0.05) sig-
nificantly increased in malathion treatments and 2.08 mg/l 
malathion + quercetin compared to control. The glucose 
(Table 4, p < 0.05) and cortisol (Table 4, p < 0.05) concen-
trations significantly decreased in fish supplemented only 
with quercetin compared to control. The concentrations of 
creatinine significantly increased in all malathion-exposed 
fish compared to control (Table 4, p < 0.05). The urea lev-
els significantly elevated in almost all malathion-exposed 
fish compared to control (Table 4, p < 0.05). However, urea 
levels significantly decreased in fish supplemented only 
with quercetin (Table 4, p < 0.05).

Table 3   Hematology indices of C. carpio in six experimental groups, 
including T1: control group, T2: fish exposed to concentrations of 
1.04 mg/l malathion, T3: 2.08 mg/l malathion, T4: fish supplemented 

with quercetin (200 mg/kg diet), T5: fish treated with quercetin + mal-
athion (1.04  mg/l), and T6: quercetin (200  mg/kg diet) + malathion 
(2.08 mg/l) for 21 days

RBC, red blood cell; WBC, white blood cell; Hct, hematocrit; Hb, hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCH, 
mean corpuscular hemoglobin; MCV, mean corpuscular volume. Data are presented as mean ± SE. Different letters (a–d) in the same row indi-
cate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

RBC (× 106/µl) 2.37 ± 0.02ab 2.41 ± 0.02b 2.31 ± 0.01a 2.59 ± 0.02d 2.40 ± 0.01ab 2.50 ± 0.01c

WBC (× 103/µl) 3.41 ± 0.01ab 3.45 ± 0.01b 3.34 ± 0.01a 3.70 ± 0.01d 3.47 ± 0.02bc 3.54 ± 0.01c

Hct (%) 16.70 ± 0.26bc 15.36 ± 0.14a 16.86 ± 0.12bc 18.43 ± 0.14d 16.40 ± 0.17b 17.53 ± 0.17c

Hb (g/dL) 8.63 ± 0.26ab 7.61 ± 0.25a 7.64 ± 0.37a 9.77 ± 0.35b 9.04 ± 0.71ab 9.72 ± 0.22b

MCHC (g/dL) 51.65 ± 0.90 49.55 ± 2.09 45.36 ± 2.47 53.03 ± 2.35 55.08 ± 3.88 55.42 ± 0.99
MCH (pg/cell) 36.29 ± 0.82 31.54 ± 1.20 33.01 ± 1.65 37.65 ± 1.73 37.72 ± 3.23 38.83 ± 1.09
MCV (nm3) 70.25 ± 0.52bc 63.67 ± 0.24a 72.81 ± 0.50c 70.99 ± 0.25bc 68.34 ± 1.09b 70.04 ± 0.89bc

Table 4   Biochemical biomarkers in serum of C. carpio in six experi-
mental groups, including T1: control group, T2: fish exposed to con-
centrations of 1.04, T3: 2.08 mg/l malathion, T4: fish supplemented 

with quercetin (200 mg/kg diet), T5: fish treated with quercetin + mal-
athion (1.04  mg/l), and T6: quercetin (200  mg/kg diet) + malathion 
(2.08 mg/l) for 21 days

Data are presented as mean ± SE. Different letters (a–d) in the same row indicate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

Total protein (g/dL) 2.60 ± 0.07 cd 2.35 ± 0.03b 2.10 ± 0.02a 2.78 ± 0.04d 2.40 ± 0.02bc 2.33 ± 0.02b

Albumin (g/dL) 1.58 ± 0.01d 1.37 ± 0.01bc 1.24 ± 0.01a 1.70 ± 0.02e 1.42 ± 0.01c 1.30 ± 0.01ab

Globulin (g/dL) 1.02 ± 0.07 0.98 ± 0.03 0.86 ± 0.02 1.07 ± 0.06 0.98 ± 0.02 1.02 ± 0.03
Triglyceride (mg/dL) 191.67 ± 3.32b 206.17 ± 3.34bc 213.84 ± 2.78c 173.21 ± 3.57a 194.61 ± 5.67b 202.13 ± 3.04bc

Cholesterol (mg/dL) 102.70 ± 2.14ab 111.85 ± 2.27bc 115.07 ± 2.47c 94.42 ± 1.55a 103.37 ± 2.04ab 108.03 ± 2.48bc

Glucose (mg/dL) 48.86 ± 0.83b 53.20 ± 1.07c 55.14 ± 0.77c 41.28 ± 1.45a 48.94 ± 0.72b 52.77 ± 0.68c

Cortisol (nmol/l) 67.52 ± 1.14b 77.77 ± 0.72 cd 81.71 ± 0.95d 56.97 ± 0.83a 69.71 ± 1.18b 76.11 ± 1.06c

Creatinine (mg/dL) 0.61 ± 0.02b 0.77 ± 0.00de 0.81 ± 0.00e 0.41 ± 0.01a 0.70 ± 0.01c 0.73 ± 0.00 cd

Urea (mg/dL) 1.10 ± 0.04b 1.31 ± 0.01d 1.32 ± 0.02d 0.89 ± 0.01a 1.16 ± 0.01bc 1.22 ± 0.01 cd
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Hepatic metabolic enzymes

The activity of ALT, ALP, and AST significantly decreased 
in fish supplemented only with quercetin compared to con-
trol and other groups (Table 5, p < 0.05). The activity of 
these enzymes in malathion-exposed fish was significantly 
higher than that in control (Table 5, p < 0.05). The treat-
ments malathion + quercetin showed no significant differ-
ences with control fish (Table 5, p > 0.05).

Serum immune parameters

The activity of ACP and lysozyme and total Ig levels sig-
nificantly decreased in response to malathion compared to 
control (Table 6, p < 0.05). The lysozyme levels showed 
significant increases in fish supplemented only with querce-
tin compared to control (Table 6, p < 0.05). There were no 
significant differences between control and fish of mala-
thion + quercetin (Table 6, p > 0.05). The activity of ACH50 
significantly decreased in response to 2.08 mg/l malathion 
compared to control (Table 6, p < 0.05). The ACH50 activity 
in only quercetin-supplemented fish and fish of 1.04 mg/l 
malathion + quercetin showed significant elevations com-
pared to control (Table 6, p < 0.05). The activity of MPO 
significantly decreased in response to malathion compared 
to control (Table 6, p < 0.05). The lysozyme levels showed 
significant decreases in fish exposed to 1.04 mg/l malathion 
and the treatment 1.04 mg/l malathion + quercetin (Table 6, 

p < 0.05). The maximum MPO activity was observed in fish 
supplemented only with quercetin (Table 6, p < 0.05).

Mucosal immune parameters

The activity of protease (Fig. 1A) and lysozyme (Fig. 1C) 
and total Ig levels (Fig.  1B) significantly decreased in 
response to malathion compared to control (p < 0.05). These 
parameters significantly increased in fish supplemented 
only with quercetin compared to control. There were no 
significant differences between control and fish of the treat-
ment 1.04 mg/l malathion + quercetin (Fig. 1, p > 0.05). 
In the treatment 2.08 mg/l malathion + quercetin, protease 
(Fig. 1A) and lysozyme (Fig. 1C) activities and total Ig lev-
els (Fig. 1B) decreased compared to control (p < 0.05).

The activity of ACH50 significantly decreased in response 
to 2.08  mg/l malathion compared to control (Fig.  1D, 
p < 0.05), while it showed a significant increase in fish sup-
plemented only quercetin and in the treatment 1.04 mg/l 
malathion + quercetin compared to control (Fig.  1D, 
p < 0.05). There were no significant differences between 
control and the treatment 2.08 mg/l malathion + quercetin 
(Fig. 1D, p > 0.05).

Antioxidant enzymes

CAT activity in malathion and 2.08 malathion + querce-
tin treatments showed a significant decrease compared to 

Table 5   Hepatic metabolic enzymes in C. carpio serum: AST activity 
(U ml − 1), ALT activity (U ml − 1), ALP activity (U ml − 1) in six 
experimental groups, including T1: control group, T2: fish exposed to 
concentrations of 1.04 mg/l malathion, T3: 2.08 mg/l malathion, T4: 

fish supplemented with quercetin (200  mg/kg diet), T5: fish treated 
with quercetin + malathion (1.04  mg/l), T6: quercetin (200  mg/kg 
diet) + malathion (2.08 mg/l) for 21 days

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase. Data are presented as mean ± SE. Different letters 
(a–d) in the same row indicate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

ALT (U/ml) 14.57 ± 0.37b 17.11 ± 0.15 cd 18.63 ± 0.36d 12.07 ± 0.16a 16.16 ± 0.42bc 16.17 ± 0.44bc

AST (U/ml) 11.19 ± 0.22b 13.65 ± 0.35c 13.47 ± 0.34c 09.40 ± 0.34a 12.58 ± 0.30bc 12.48 ± 0.19bc

ALP (U/ml) 21.43 ± 0.77 cd 18.62 ± 0.65ab 23.00 ± 0.45d 16.73 ± 0.26a 20.17 ± 0.33bc 23.19 ± 0.74d

Table 6   Immunological parameters of C. carpio in six experimental 
groups, including T1: control group, T2: fish exposed to concentra-
tions of 1.04 mg/l malathion, T3: 2.08 mg/l malathion, T4: fish sup-

plemented with quercetin (200  mg/kg diet), T5: fish treated with 
quercetin + malathion (1.04  mg/l), and T6: quercetin (200  mg/kg 
diet) + malathion (2.08 mg/l) for 21 days

ACH50, alternative complement activity; total Ig, total immunoglobulin; MPO, myeloperoxidase activity; ACP, acid phosphatase. Data are pre-
sented as mean ± SE. Different letters (a–d) in the same row indicate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

Lysozyme (U/ml) 15.26 ± 0.59c 11.85 ± 0.41a 12.82 ± 0.33ab 20.22 ± 0.52d 14.89 ± 0.32bc 15.70 ± 0.36c

ACH50 (U/ml) 43.32 ± 0.88b 44.54 ± 0.91bc 38.62 ± 0.76a 47.33 ± 0.69c 47.85 ± 0.68c 42.93 ± 0.55b

Total Ig (mg/ml) 23.64 ± 0.55c 17.59 ± 0.54b 13.51 ± 0.36a 30.92 ± 0.67d 21.61 ± 0.45c 16.99 ± 0.45b

MPO (OD at 540 nm) 0.14 ± 0.011c 0.09 ± 0.003a 0.12 ± 0.004bc 0.19 ± 0.006d 0.10 ± 0.003ab 0.13 ± 0.004bc

ACP (U/ml) 15.17 ± 0.41b 12.46 ± 0.38a 13.84 ± 0.43ab 17.31 ± 0.31c 14.70 ± 0.50b 14.25 ± 0.38ab
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control (Table 7, p < 0.05). In fish fed a quercetin-containing 
diet, CAT activity was significantly increased compared to 
the control group (Table 7, p < 0.05). SOD activity showed a 
significant decrease in malathion and malathion + quercetin 
treatments compared to control (Table 7, p < 0.05). While 
the activity of this enzyme in the treatment of quercetin 
alone was higher than the control (Table 7, p < 0.05). The 
activity of GPx in 2.08 malathion treatment showed a sig-
nificant decrease compared to the control (Table 7, p < 0.05), 
while the activity of this enzyme in fish fed only with 
quercetin showed a significant increase compared to the con-
trol (Table 7, p < 0.05). The other experimental groups did 
not show a significant difference with the control (Table 7, 
p > 0.05). GST enzyme activity showed a significant increase 
in quercetin alone treatment compared to control (Table 7, 
p < 0.05). Other groups did not show significant differences 
in the activity of this enzyme compared to control (Table 7, 
p < 0.05). MDA levels in fish supplemented only with 
quercetin showed a significant decrease compared to control 
(Table 7, p < 0.05). Except for 1.04 malathion + quercetin, 
the other groups showed higher levels of MDA than control 
(Table 7, p < 0.05).

Discussion

The growth performance results are shown in Table 2. Expo-
sure of fish to malathion caused a decrease in the SGR value, 
as reported in other fish exposed to insecticides (Mahmoud 
et al. 2021). The highest FW and WG values were obtained 
following quercetin administration, whereas the lowest value 
was observed in the fish exposed to malathion alone and in 
combination with quercetin. The increase in FW in quercetin-
supplemented fish may be related to appetite stimulation and 
improvement in the efficiency of the gastrointestinal tract in 
absorbing nutrients (Najafabadi et al. 2018). In agreement 
with our results, specific growth rate and condition factor 
of Nile tilapia, Oreochromis niloticus, improved in fish sup-
plemented with quercetin (Zhai and Liu 2013). However, no 
significant differences were observed in feed conversion rate 
and survival rate between quercetin-supplemented fish and 
non-supplemented individuals (Zhai and Liu 2013). In the 
study of Kim et al. (2013), no improvement was observed 

in olive flounder, Paralichthys olivaceus, supplemented with 
quercetin. In blunt snout bream, Megalobrama amblycephala, 
the supplementation of fish with diet containing high levels of 
quercetin could improve the growth indices (Jia et al. 2019). 
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Fig. 1   The effects of quercetin on skin mucus parameters (protease 
activities, total immunoglobulin (total Ig), lysozyme activity, and 
alternative complement activity (ACH50)) in malathion-exposed 
common carp (C. carpio) after 21  days. Low dose, fish exposed to 
concentrations of 1.04  mg/l malathion; High dose, 2.08  mg/l mala-
thion; QR, fish supplemented with quercetin (200 mg/kg diet); Low-
QR, fish treated with quercetin + malathion (1.04  mg/l); High-QR, 
quercetin (200 mg/kg diet) + malathion (2.08 mg/l) for 21 days. Data 
are presented as mean ± SE. Different letters (a–d) in the same row 
indicate significant differences (p < 0.05)
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Similarly, in grass carp, Ctenopharyngodon idella, the WG 
increased in fish supplemented with 0.4 g/kg quercetin, which 
was accompanied by a significant decrease in feed conversion 
ratio (Xu et al. 2019). Ghafarifarsani et al. (2022a) observed 
higher final weight, weight gain, specific growth rate, survival 
rate, and lower feed conversion ratio in common carp sup-
plemented with quercetin.

Gholamhosseini et al. (2020) observed an increase in 
the growth performance parameters in the Caspian kutum, 
Rutilus frisii kutum, after feeding with Mentha longifolia 
supplement. Also, the weight gain and SGR were signifi-
cantly improved in Siberian sturgeon, Acipenser baerii, fed 
Lemon verbena, Aloysia citrodora, extract (Adel et al. 2021). 
Improvement in the growth performance and survival rate 
was also reported in rainbow trout, Oncorhynchus mykiss, 
fed 2% of Artemisia dracunculus (Gholamhosseini et al. 
2021). Xu et al. (2020) recorded an increase in SGR and a 
decrease in FCR in Japanese seabass, Lateolabrax japoni-
cus, fed mixture of erula sinkiangensis, Medicago falcata L., 
and Allium sativum. In this study, the highest value of FCR 
was observed in fish exposed to a high dose of malathion. 
The FCR value of fish exposed to a low dose of malathion 
combined with quercetin was significantly higher than the 
control groups. In addition, fish SR decreased significantly 
after exposure to malathion. Although feeding fish with a 
quercetin supplement significantly affected the SR of fish 
exposed to malathion, the SR of these fish was still consid-
erably lower than the control group. These results clearly 
show that dietary quercetin has no effect in improving SR 
and FCR efficiency in malathion-exposed fish.

In the present study, malathion and quercetin affected 
the hematological indices of C. carpio. Hematological 
indices are known as indicators of fish health (Abarghoei 
et al. 2015; Heidary et al. 2016; Monsef Rad et al. 2016). In 
this study, the highest values of Hct, RBC, and WBC were 
observed in the fish fed a quercetin supplement. Quercetin 
administration may stimulate hematopoiesis in the hemat-
opoietic tissues of fish (Dutta et al. 2021). Similar results 
were also reported for plant-based supplements contain-
ing quercetin. For example, the dietary Allium sativum and 

Aloe vera increased RBC, Hct, Hb, MCV, MCH, MCHC, 
WBC, lymphocytes, monocytes, and granulocytes in 
African catfish, Clarias gariepinus (Gabriel, et al. 2021). 
Yousefi et al. (2021) obtained similar results in the com-
mon carp fed dietary marjoram. The supplementation of 
fish with quercetin returned the Hct level to the same lev-
els as in the control and only quercetin-supplemented fish. 
In contrast, exposing fish to a high dose of malathion led 
to a significant decrease in Hct and MCV value than the 
control group. The decrease in hematocrit may be due to a 
decrease in hemoglobin concentration in the erythrocytes 
of only malathion-exposed fish (Abarghoei et al. 2015). At 
the same time, oral administration of quercetin was able to 
increase the percentage of Hct in fish exposed to malathion. 
Amaeze et al. (2020) showed significant changes in hema-
tological parameters in African catfish exposed to pesti-
cides. In common carp, although WBC count increased 
in response to lindane, RBC count, Hb, and Hct levels 
decreased after exposure (Saravanan et al. 2011).

The results of blood biochemical parameters are pre-
sented in Table 4. Exposure of fish to a low dose of mala-
thion resulted in a significant reduction in total protein, 
which may be due to the impaired protein biosynthesis in 
the liver and amino acid absorption in the intestine of the 
exposed fish. Albumin levels decreased significantly in 
the fish exposed to malathion alone and in combination 
with quercetin, which may be attributed to a reduction in 
total protein biosynthesis in the liver. However, dietary 
administration of quercetin increased albumin levels sig-
nificantly. Elevated albumin levels may indicate the role 
of albumin in the transportation of quercetin in the blood 
(Alsaif et al. 2020).

Fish exposed to a low dose of malathion showed an 
increase in triglyceride levels, which may be due to the 
increased rate of breakdown of fat stored in adipose tissue 
(Banaee et al. 2019b). In contrast, there was a significant 
decrease in the triglyceride levels in the fish fed quercetin 
supplement. Similar results were observed in O. niloticus, 
where the triglyceride levels in serum decreased in response 
to quercetin supplementation (Zhai and Liu 2013).

Table 7   Antioxidant biomarkers of C. carpio in six experimental 
groups, including T1: control group, T2: fish exposed to concentra-
tions of 1.04 mg/l malathion, T3: 2.08 mg/l malathion, T4: fish sup-

plemented with quercetin (200  mg/kg diet), T5: fish treated with 
quercetin + malathion (1.04  mg/l), and T6: quercetin (200  mg/kg 
diet) + malathion (2.08 mg/l) for 21 days

CAT​, catalase activity; SOD, superoxide dismutase activity; MDA, malondialdehyde activity; Gpx, glutathione peroxidase activity; GST, glu-
tathione S-transferase. Data are presented as mean ± SE. Different letters (a–d) in the same row indicate significant differences (p < 0.05)

Parameters T1 T2 T3 T4 T5 T6

CAT (U/ml) 43.18 ± 0.99c 36.56 ± 0.80ab 33.97 ± 0.92a 48.10 ± 0.84d 39.51 ± 0.42bc 37.16 ± 0.66ab

SOD (U/ml) 36.94 ± 0.60b 31.93 ± 0.53a 30.96 ± 0.79a 43.02 ± 0.85c 33.37 ± 0.56a 32.82 ± 0.57a

MDA (nmol/ml) 0.18 ± 0.006b 0.24 ± 0.006c 0.28 ± 0.004d 0.09 ± 0.003a 0.20 ± 0.004b 0.23 ± 0.003c

GPx (U/ml) 26.92 ± 0.60b 23.54 ± 0.77ab 21.98 ± 0.89a 33.94 ± 0.85c 25.08 ± 0.63ab 24.46 ± 0.72ab

GST (U/ml) 63.76 ± 1.33d 56.40 ± 0.59bc 51.61 ± 0.61a 70.13 ± 0.73e 58.13 ± 0.67c 53.52 ± 0.68ab
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Quercetin may reduce triglyceride levels by inhibiting 
enzymes involved in triglyceride biosynthesis (Kuipers et al. 
2018). In addition, quercetin may reduce blood triglyceride 
levels by inhibiting fat adipogenesis (Jia, et al. 2019).

Exposing fish to a low dose of malathion displayed an 
increase in cholesterol levels compared to the control group. 
Malathion may increase cholesterol by impairing the biliary 
excretion of cholesterol and reducing the synthesis of high-
density lipoprotein (Haque et al. 1987; Abdel-Daim et al. 
2020). Quercetin may restore cholesterol levels to normal 
levels in fish exposed to malathion by affecting cholesterol-
carrying lipoproteins’ biosynthesis in the blood (Jia et al. 
2019). Jia et al. (2019) observed reduced levels of triglyc-
eride and cholesterol in fish supplemented with quercetin. 
Quercetin can decrease blood cholesterol levels by reducing 
cholesterol absorption in the intestine and affecting lipopro-
teins’ biosynthesis (Jia, et al. 2019).

Glucose, cortisol, and urea levels significantly increased 
after exposure to malathion. The secretion of cortisol and 
subsequent elevations in glucose can be a sign of stress 
in the exposed fish to meet the energetic needs of fish for 
coping with stressful conditions (Banaee et al. 2020). The 
administration of fish with quercetin significantly decreased 
glucose, cortisol, and urea levels. This result may indicate 
the ameliorating effect of quercetin on stress induced by 
malathion.

In this study, the levels of urea and creatinine increased 
in response to malathion, which may be attributed to dis-
ruptions in renal nephron function. In contrast, the dietary 
quercetin ameliorated such disruptions, as we observed 
decreases in urea and creatinine levels in the quercetin-
supplemented fish.

The activities of liver enzymes in serum are presented in 
Table 5. The activities of ALP, AST, and ALT increased sig-
nificantly in the serum of fish exposed to malathion, which 
may be attributed to the damages to hepatocytes (Banaee 
et al. 2019b). Similarly, significant increases were observed 
in AST, ALT, and ALP activities in exposed catfish (Het-
eropneustes fossilis) to fertilizer industry effluent (Singh and 
Pandey 2021). In contrast, the lowest activities of AST, ALT, 
and ALP were observed in the fish fed quercetin supplement. 
Quercetin may increase the oxidative capacity of cells and 
thus reduce the risk of lipid peroxidation. The regulation 
of AST and ALT activities in quercetin-treated fish may be 
related to its free radical scavenging properties (Zhang, et al. 
2020). Improving the stability of cell membranes can pre-
vent AST and ALP leakage and modulate their activity in 
plasma (Jia et al., 2019).

Changes in the immunological parameters in the 
serum of fish were presented in Table 6. Lysozyme activ-
ity, ACP activity, and total immunoglobulin were signifi-
cantly decreased in malathion-exposed fish. The origin of 
serum and mucosal lysozyme is related to neutrophils and 

macrophages. Therefore, a decrease in lysozyme activity 
may indicate a decline in the number of neutrophils and mac-
rophages. Raibeemol and Chitra (2020) reported decreased 
lysozyme activity in the serum of orange chromide, Pseu-
detroplus maculatus, exposed to chlorpyrifos. Similarly, the 
lysozyme activity decreased in rainbow trout after exposure 
to diazinon (Ahmadi et al. 2014). In rainbow trout, exposure 
to diazinon significantly reduced Ig levels (Ahmadi et al. 
2014). Decreased lysozyme and ACP activities and total 
immunoglobulin levels may indicate the immunosuppress-
ing effects of malathion, which may makes fish susceptible 
to diseases. Results of the present study showed increases in 
serum lysozyme and ACP activities and Ig levels following 
supplementation with quercetin. Dietary administration of 
quercetin could return lysozyme activity to the normal range. 
In addition, an increase in lysozyme activity may be due to 
the improved immune system of fish fed quercetin. There-
fore, quercetin can act as an immune stimulant. In agreement 
with our results, lysozyme activity significantly increased in 
olive flounder fed diet containing spirulina + quercetin (Shin 
et al. 2010; Kim et al. 2013). In blunt snout bream, Mega-
lobrama amblycephala, the supplementation of fish with 
high levels of quercetin could enhance immunity param-
eters (Jia et al. 2019). In zebrafish, results indicated that the 
immune indices including ACP, MPO, lysozyme activities, 
and complement activity and IgM increase in response to 
1 μg/l quercetin in the diet.

Similar results were reported by Hoseini et al. (2021), 
where significant increases in lysozyme activity were 
observed in common carp fed diets containing Russian olive, 
Elaeagnus angustifolia, extract. A significant increase in 
serum lysozyme activity was also reported in O. niloticus in 
fish supplemented with pineapple peel powder (Doan et al., 
2021). A significant decrease in ACP activity was observed 
in the zebrafish exposed to fluoride (Cao et al. 2020). In 
contrast, Zhang et al. (2019) found that exposure of Chinese 
mitten crab, Eriocheir sinensis, to deltamethrin increased 
ACP activity. An increase in immune parameters, includ-
ing ACP and lysozyme activities and total Ig levels in the 
plasma and mucus of common carp, fed dietary marjoram, 
Origanum majorana, extract, was also reported by (Yousefi 
et al., 2021).

MPO activity is an indicator of the antibacterial response 
of neutrophils. Neutrophils contain MFO in their granular 
cytoplasm, which can kill bacteria by producing H2O2 and 
other free radicals. Therefore, alternations in the activity 
of MPO can be an indicator of the bactericidal power of 
neutrophils. Borgia et al. (2018) found that exposure of 
common carp to electroplating industrial effluent decreases 
MPO activity. In this study, the activity of MPO in the fish 
exposed to a high concentration of malathion was signifi-
cantly lower than in the control group, which may be due 
to the depressing effects of malathion on the bactericidal 
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activity of neutrophils. The highest activity of MPO was 
detected in the fish fed quercetin, indicating enhancing 
effects of quercetin on the malathion-related reductions in 
the activity of neutrophils.

The oxidative biomarkers in the hepatocytes are pre-
sented in Table 7. Significant decreases were observed in 
the CAT, SOD, GPx, and GST activities in the hepatocyte 
of the malathion-exposed fish. A significant reduction in 
the CAT activity may be due to the inhibition of its activ-
ity by metabolites of malathion. CAT is an oxidoreductase 
that plays a vital role in decomposing hydrogen peroxide 
into water and oxygen (Ullah et al. 2018). A decrease in the 
CAT activity may increase H2O2 levels in the hepatocyte of 
fish exposed to malathion. Increased H2O2 could increase 
peroxidation of bio-macromolecules and the occurrence of 
oxidative damage (Rezaei Shadegan and Banaee 2018). GST 
can play an essential role in conjugating the reduced form 
of glutathione (GSH) to xenobiotic through transferring glu-
tathione (Banaee et al. 2013; Awasthi et al. 2019).

GPx also plays an active role in the breakdown of hydro-
gen peroxide using glutathione (Ullah et al. 2018; Shirazi 
and Khakdan, 2021). The dietary administration of quercetin 
caused a significant increase in CAT, SOD, GST, and GPx 
activity. Although dietary quercetin could not adjust the 
SOD activity of exposed fish, it returned the CAT and GPx 
activity to normal values in olive flounder; the supplementa-
tion of fish with quercetin significantly enhanced the hepatic 
antioxidant capacity (Kim et al. 2013). In blunt snout bream, 
the supplementation of fish with diet containing high levels 
of quercetin could improve the hepatic antioxidant capacity 
(Jia et al. 2019). Similarly, in grass carp, Ctenopharyngodon 
idella, the alkaline phosphatase and superoxide dismutase 
activity increased in fish supplemented with 0.4 g/kg querce-
tin (Xu et al. 2019). Ghafarifarsani et al. (2022b) reported 
increases in the activity of liver antioxidant enzymes in 
common carps fed quercetin. In zebrafish, quercetin signifi-
cantly elevated the activity of hepatic antioxidant enzymes 
including SOD, GPx, CAT, and T-AOC (Wang et al., 2020). 
In contrast, in olive flounder, the H2O2 concentration and 
activity of SOD and CAT decreased in response to quercetin, 
suggesting the direct scavenging role of quercetin in reduc-
ing the oxidative stress–related production of reactive oxy-
gen species (ROS) (Shin et al., 2010). Similarly, in silver 
carp, quercetin decreased the activity of SOD, GPx, and 
GST in the muscle of fish exposed to oxytetracycline, which 
was attributed to the direct scavenging role of quercetin in 
reducing the ROS (Pês et al., 2018). Dietary administration 
of beluga sturgeon, Huso huso, increased CAT and SOD 
activity in serum (Safari et al. 2020).

The MDA content in the hepatocyte was increased after 
exposure to malathion, which could be due to the oxida-
tive stress induced by the insecticide. The lowest level of 
MDA was detected in the fish treated only with quercetin. 

However, quercetin ameliorated the increased levels of 
MDA in fish exposed to low concentration of malathion. 
Therefore, these results may show the ameliorating effect 
of quercetin supplement on the oxidative stress induced 
by malathion. However, such an effect seems to depend 
on the exposure concentration of malathion. Similarly, the 
levels of MDA significantly decreased in zebrafish, follow-
ing feeding with diet containing 1 and 10 μg/l quercetin 
(Wang et al., 2020).

Khalil et al. (2020) found that plant flavonoids could 
reduce the impact of pesticides by modulating the expres-
sion of antioxidant genes. The antioxidant properties of 
quercetin can play an essential role in regulating antioxi-
dant enzymes and inhibiting lipid peroxidation (Jia, et al. 
2019). The protective effect of quercetin on the regulation 
of CAT, SOD, GST, and GPx activities has been confirmed 
in oxytetracycline-treated silver catfish, Rhamdia quelen, by 
Pês et al. (2018).

Exposure of fish to malathion led to a decrease in the 
protease activity in the mucosa. However, the protease activ-
ity in the fish fed quercetin was significantly higher than 
in the control group. In addition, dietary administration of 
quercetin had no significant effect on the return of protease 
activity. Mucosal proteases play an essential role in the 
breakdown of proteins involved in inflammatory, coagula-
tion, apoptotic, and tissue regeneration processes. Therefore, 
inhibition of protease activity could cause interference in 
cellular inflammatory reactions. Furthermore, a decrease in 
the protease activity may lead to disturbance in the activa-
tion of the zymogen, an inactive precursor involved in the 
breakdown of proteins.

The total Ig levels in the mucosa were significantly 
decreased after exposure to malathion. Decreased total Ig 
indicates a reduction in immunity in response to malathion. 
A significant increase in the total Ig was observed in fish fed 
with quercetin supplement, indicating the enhancing effects 
of quercetin on the immunity of malathion-exposed fish.

The exposure of fish to malathion decreased mucosal 
lysozyme activity. The lowest activity of lysozyme and 
ACH50 was detected in the fish exposed to low concentra-
tions of malathion. A decrease in the lysozyme and ACH50 
activity may reduce mucosal defenses against bacterial infil-
tration (Yang et al. 2021). The lysozyme and ACH50 activ-
ity in the mucosa of fish fed quercetin were significantly 
higher than in the control group, which may be related to 
the immunostimulatory properties of flavonoids. However, 
lysozyme and ACH50 activity could not be returned to the 
normal ranges after exposure to malathion in quercetin-
supplemented fish. Doan et al. (2021) showed that oral 
administration of pineapple peel powder increased mucosal 
ACH50 in O. niloticus. Similar results were observed in the 
Nile tilapia fed with fishwort, Houttuynia cordata, powder 
(Srichaiyo et al. 2020).
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Conclusion

This study showed that exposure of fish to malathion could 
cause significant changes in growth indices, biochemical and 
antioxidant parameters, and humoral and mucosal immu-
nity of fish. Oral administration of quercetin had antioxidant 
and immunostimulatory properties for fish. The protective 
effect of quercetin on the regulation of some biochemical, 
immunological, and hematological parameters could be con-
firmed. However, oral administration of quercetin could not 
return changes in some other parameters to normal levels in 
fish exposed to malathion. In conclusion, the results show 
that quercetin administration can improve the toxic effects of 
malathion and prevent oxidative damage, immunosuppres-
sion, and biochemical disorders in fish.
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