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Abstract

Abamectin (ABM), a naturally fermented product of Streptomyces avermitilis, is applied to pest control in livestock and
agriculture fields. The aim of the current study is to evaluate the protective effects of Moringa oleifera leaf ethanolic extract
(MOE) on biochemical changes including oxidative stress indices, immune response marker, lipid profiles as well as mRNA
expression of immune related genes, and abamectin (ABM, 5% EC) residue levels in Nile tilapia (Oreochromis niloticus)
exposed to a sub-lethal concentration (0.5 pg/l) for 28 days. Disturbance in liver and kidney biomarkers was markedly
increased in ABM-exposed fish compared to the control group. Malondialdehyde levels in the liver and brain tissues, as well
as the activities of glutathione-s-transferase, superoxide dismutase, and glutathione peroxides, all increased significantly in
ABM group. Additionally, ABM exposure increased the levels of interleukin 10 beta and growth factor gene expression. On
the other hand, fish exposed to ABM had significantly lower serum alkaline phosphatase, creatinine, high-density lipoprotein,
glutathione peroxides in brain, glutathione in liver and brain tissues, lysozyme activity, nitric oxide, immunoglobulin M,
tumor necrosis factor, and interleukin 1 beta as compared to the control group. The recorded detrimental effects of ABM on
tilapia have been overcome by the addition of MOE to the diet (1%) and ameliorating hepato-renal damage and enhancing
antioxidant activity, innate immune responses, and upregulating the anti-inflammatory gene expression. Therefore, it could
be concluded that MOE dietary supplementation at 1% could be used to counteract the oxidative stress, immune response
disruption induced by abamectin exposure in Oreochromis niloticus, and reduce its accumulation in fish tissues.
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Introduction

Several pollutants are present in our environment and exert
various kinds of stress on the ecosystem and can be proven
to be deleterious to organisms (Abu Zeid et al. 2021; EI-
Bouhy et al. 2021; Galal et al. 2018; Khalil et al. 2017; van
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der Oost et al. 2003). Abamectin (ABM) belongs to the
group of drugs known as avermectins, which are produced
naturally as a byproduct of the fermentation of Streptomy-
ces avermitilis, an actinomycete identified from soil (Batiha
et al. 2020). The ABM is popular among farmers and vet-
erinarians due to its broad spectrum of activity, ease of use,
and wide margin of safety for the targeted animals. ABM is
currently an active component of various insecticides and
nematocidal treatments used in agriculture, as well as one
of the most often used medicines in veterinary medicine
for several years in the prevention of parasitic infections
(Hedayati et al. 2014; Santos et al. 2023; Vajargah et al.
2021). Because of its slow degradation and lipophilic nature,
ABM residues can access aquatic habitats through runoff or
drift and accumulate in fish and aquatic bodies (Kolar et al.
2008). ABM has been categorized as extremely harmful to
some aquatic lives with long-lasting consequences because
it can cross the blood and brain barrier in some aquatic spe-
cies and accumulate in fish (Novelli et al. 2016, 2012; Wang
et al. 2011). ABM toxicological properties are due to its
two active components, avermectin Bla (80%) and aver-
mectin B1b (20%), which impact inhibitory synapses via a
mechanism involving glutamate-sensitive chloride channels,
impairing neuronal coordination. (Gonzalez Canga et al.
2009; Santos et al. 2023; Yoon et al. 2004). Furthermore,
the toxic effects of ABM may include a disturbance in the
functioning of the liver and kidneys, as well as a change in
hematological parameters and vital physiological processes
(Kushwaha et al. 2020; Salman et al. 2022).

Nutritional supplements are now included in aquatic feed
to aid the body’s systems in processing and absorbing the
nutrients obtained from the food consumed and to improve
fish health (Reda et al. 2016; Reda and Selim 2015; Selim
and Reda 2015). Despite the existence of many research
studies that proved the efficiency of medicinal plants in
protecting fish from the toxic effects of many pollutants on
the aquatic environment and helped to improve the state of
health and immunity, the studies that discussed the effect of
medicinal plant protection against pesticide toxicity are lim-
ited (Abu Zeid et al. 2021; El-Bouhy et al. 2021; Farag et al.
2022, 2021; Khalil et al. 2017). Due to its low cost, local
availability, and high protein content, recent studies have
focused on the use of Moringa leaf in aquafeeds (Abdel-Latif
et al. 2022; Brar et al. 2022). The genus Moringa belongs to
the Moringaceae family of plants. In Southwest Asia, South-
west Africa, Northeast Africa, and Madagascar, there are
13 species of the Moringa genus. Only four of the thirteen
species are the subject of current research (Moringa oleif-
era, Moringa stenopetala, Moringa concanensis, and Mor-
inga peregrina) (Abd Rani et al. 2018). Moringa oleifera
Lam is the most prominent species of the Moringa genus;
it contains a variety of beneficial phytochemical substances
such as phenolic and flavonoid compounds (Sankhalkar and
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Vernekar 2016), alkaloids, tannins, triterpenoids, sterols,
isothiocyanate (Leone et al. 2015), and moringyne (Dalei
et al. 2016; Ganatra et al. 2012; Oyedara et al. 2021) with
potent anthelmintic (Hegazi et al. 2018), antiviral (Biswas
et al. 2020; Xiong et al. 2022), and antibacterial effects
(Anthony et al. 2017; El-Kholy et al. 2018; Fouad et al.
2019).

Even though the effects of Moringa leaf extract (MOE)
on fish health and growth performance have been studied
(Abdel-Latif et al. 2022; Abidin et al. 2022; El-Kassas et al.
2022), little is known about how MOE can mitigate the
toxicological effects of ABM on Oreochromis niloticus (O.
niloticus). Therefore, the evaluation of hepatic-renal toxic-
ity, lipid profiles, immunological parameters and immune-
related gene, and antioxidant capacity, and detailed descrip-
tions of potential bioaccumulation in brain, gills, liver,
kidney, and muscles of O. niloticus during ABM exposure
alone or in combination with MOE are the main objectives
of this study.

Materials and methods

Moringa leaf ethanolic extract (MOE) preparation
and characterization

Moringa oleifera leaves were obtained from National
Research Centre (NRC), Dokki, Giza, Egypt, cleaned, and
processed, and the meals were crushed to pass through a
1-mm? sieve. The powder was then defatted with N-hexane
for 8 h. The ethanolic Moringa oleifera leaf extract (MOE)
was prepared according to Abdel-Shafi et al. (2019) and
Omar et al. (2020). Defatted Moringa oleifera leaf powder
(100 g) was extracted with 70% v/v aqueous ethanol for
2 h. One hundred grams of Moringa oleifera leaf powder
yielded a 20 g ethanolic extract. The total phenolic con-
tents (TPCs) of MOE (10 mg/10 ml) was determined using
the Folin—Ciocalteu method published by Singleton et al.
(1999). Gallic acid was diluted in distilled water at several
concentrations (25-250 pg/ml) to obtain standard curve. The
calibration equation for gallic acid was y=0.0093x —0.00224
(R*>=0.9948), where y and x are the gallic acid absorbance
and concentration in pg/ml, respectively. Total flavonoids
(TFs) of the MOE (10 mg/10 ml) was estimated according to
the protocol of Ordoiiez et al. (2006) as described in Abdel-
Shafi et al. (2019). Quercetin was diluted in ethanol at sev-
eral concentrations (10-100 pg/ml) to obtain standard curve.
Total flavonoid contents were stated as quercetin equivalent
(QE), which was calculated based on the calibration curve:
y=0.0115x-0.0119 (R*>=0.994), where y is absorbance
and x is concentration of quercetin in pg/ml. The identifica-
tion and quantification of phenolic compounds and flavo-
noids in MOE are typically conducted using HPLC (Agilent
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1100 series) analysis according to the method described by
Osman and Elsobki (2019). The Eclipse Plus C18 column
(4.6250 mm, i.d. 5 m) was used to separate the samples. At
a flow rate of 1 ml/min, the mobile phase comprised of water
(A) and 0.02% tri-floro-acetic acid in acetonitrile (B). An
elution gradient program was applied as follows: 0 min (80%
A), 0-5 min (80% A), 5-8 min (40% A), 8-12 min (50% A),
12-14 min (80% A), 14—16 min (80% A), 14—16 min (80%
A), 14-16 min (80% A), 14-16 min (80% A), 14-16 min
(80% A), and 14-16 min (80% A) (80% A). At 280 nm, the
multiwavelength detector was monitored. The injection vol-
ume was 10 I. The temperature of the column was kept at
35 °C. The active components of the extract were identified
by comparing the peak area of the samples to those of the
standards.

Pesticide

Abamectin (ABM 5% EC, Profery) was provided by the Cen-
tral Agricultural Pesticide Laboratory (CAPL), Agricultural
Research Center (ARC), Dokki, Giza, Egypt. ABM chemi-
cal name is 5-O-demethylavermectin A, (i) mixture with
5-O-demethyl-25-de(1-methylpropyl)-25-(1-methylethyl)
avermectin A, (ii) (Fig. 1). The physical characteristics of
the ABM are that it is colorless to pale yellow crystals. The
LCs,-96 h of ABM was previously estimated in our labora-
tory and found to be 10 pg/l (Farag and Reda 2021). In this
study, we will apply 1/20 of LCs,-96 h of ABM (0.5 pg/l).

Diet preparation and experimental design

Two experimental diets were prepared in Fish Research Unit,
Faculty of Veterinary Medicine, Zagazig University. The
first is the control reference diet (R-D), which was prepared
to meet the nutrient requirement of O. niloticus according
to National Research Council (NRC 2011) (Table 1). The
second diet (MOE-D) was supplemented with 1% MO leaf

OCHs

HO, 'j
((O 1y,

CH3

(i) R=-CH,CHj3 (avermectin B;,)

(i) R =-CHgs (avermectin Byy,)

Fig. 1 Chemical structure of abamectin
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Table 1 Composition of the experimental diets (%)
Diet ingredients (%) Diets

*R-D **MOE-D
Fish meal (65.4% CP) 40 40
Soybean meal (44%) 20 20
Yellow corn 13 13
Wheat flour 15 15
Wheat Bran 2 2
Fish oil 7 7
Monocalcium phosphate 2 2
M Vitamin mixture 0.45 0.45
@ Mineral mixture 0.55 0.55
Moringa oleifera leaf extract - 1
Chemical analyses (% DM)
Crud protein 38.90 38.90
Crude fat 10.50 10.79
Ash 5.84 5.84

“R-D =control reference diet (NRC 2011)

** MOE-D = control reference diet supplemented with 1% Moringa
oleifera leaf extract

(DVitamin mix (IU or mg kg diet): vitamin A, 16,000 IU; vitamin D,
8000 IU; vitamin K, 14.72; thiamin, 17.8; riboflavin, 48; pyridoxine,
29.52; cynocobalamine, 0.24, tocopherols acetate, 160; ascorbic acid
(35%), 800; niacinamide, 79.2; calcium-D- pantothenate,73.6; folic
acid, 6.4; biotin, 0.64 L-carnitine, 100

@ Mineral mix (mg kg diet): Cu (CuSO4), 2.0; Zn (ZnSO04), 34.4;
Mn (MnSO4), 6.2; Fe (FeSO4), 21.1; 1 (Ca (I03)2), 1.63; Se
(Na2Se03), 0.18; Co (CoCl2), 0.24; Mg (MgS04.H20), 52.7

ethanolic extract (MOE) (Ahmed et al. 2020). Mechanical
mixing of the ingredients was followed by pellet preparation
using a pellet machine with a 1.5-mm particle diameter. The
pellets were air dried at 27 °C for 24 h before being stored
in a refrigerator at 4 °C until use.

A total of one hundred and twenty fish, apparently healthy
O. niloticus (80 + 10 g), were obtained from a private fish
farm in Kafr El-Sheikh Governorate, Egypt. The experiment
was conducted at the Department of Aquatic Animal Medi-
cine, Faculty of Veterinary Medicine, Zagazig University.
All fish were acclimated for 2 weeks at least and fed daily
at 3% of body weight. Each aquarium was equipped with
aeration system, and water physicochemical conditions were
maintained according to APHA (2015). Experiment was per-
formed according to OECD (Organization for Economic Co-
operation and Development) using fish prolonged toxicity
test No. 204 (OECD 1992). After acclimatization, fish were
divided into four groups in triplicate (10 fish/replicate). The
1st (CONT) and 2nd (ABM) groups were fed with R-D diet
without and with exposure to 0.5 ug/l of abamectin, respec-
tively. The 3rd (MOE) and 4th (ABM +MOE) groups were
fed with MOE-supplemented diets without and with expo-
sure to 0.5 ug/l of abamectin, respectively. Test fish were
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monitored at regular time intervals during the experimental
period (28 days), with records kept for clinical symptoms
(including swimming behavior and reflexes), mortality, and
postmortem findings.

After the testing period, the fish were anesthetized with
clove oil at a concentration of 7.4 ml/l (Rezende et al. 2017).
The blood samples were taken from the caudal vein (9 sam-
ples/group), centrifuged at 3000 rpm for 10 min, separated
from serum carefully, collected, and stored at— 80 °C for
analysis of biochemical and immune parameters. To gather
the various organ tissues, the fish were anesthetized and then
euthanized by spinal cord severing. Liver and brain samples
from nine fish per group were taken and stored at — 80 °C
until analysis for the evaluation of antioxidant enzymes.
Nine spleen samples were taken per group and immersed
in the RNAlater solution (Sigma-Aldrich, Poole, UK) and
stored at — 80 °C for gene expression. For residue analyses,
brain, gills, liver, kidney, and muscles were collected and
stored at— 80 C.

Biochemical analysis in serum

The serum clinico-biomarkers of liver and kidney functions
and lipid profiles were assayed using the commercial diag-
nostic kits. Transaminases (AST and ALT), and alkaline
phosphatase (ALP) activities were assayed by methods of
Reitman and Frankel (1957) and Roy (1970), respectively.
The methods of Bradford (1976) and Doumas et al. (1971)
were used to determine the total protein (TP) and albumin
(Alb) levels. Additionally, calculation of globulin (Glb)
level, ALT/AST ratio, and albumin/globulin ratio (A/G
ratio) was carried out. The method of Fawcett and Scott
(1960) for analysis of the urea level and the kinetic method
of Siest et al. (1985) with creatinine level were achieved.
For the lipid profiles, the described methods by Allian et al.
(1974), Bucolo and David (1973), and Friedwald (1972),
respectively, were used to measure the total cholesterol (TC),
triglyceride (TG), and high-density lipoprotein (HDL) cho-
lesterol levels. Friedewald’s equation was used for calculat-
ing the concentration of low-density lipoprotein (LDL) and
very-low-density lipoprotein (VLDL).

To determine how much departure from the mean was
caused by pesticide use, calculations were made using equa-
tion of Mansour and Gamet-Payrastre (2016):

% of change = (Treatment value — control value)/control value X 100

Additionally, the amelioration index (AI), which repre-
sented the ameliorative impact of MOE, could be assessed
by comparing a specific biochemical parameter's results in
the ABM + MOE and control groups by using Mansour and
Gamet-Payrastre (2016) formula:

Amelioration index(AI) = [Treatment value (ABM + MOE)/control value]

@ Springer

Evaluation of immunological parameters

The turbidity assay was used to evaluate lysozyme activity
(LYSO) according to the method described by Ellis (1990).
Spectrophotometric measurement of nitrous oxide (NO)
was conducted using Griess reagent (Sigma-Aldrich, USA)
(Anderson 1964). According to the manufacturer’s protocol,
an immunoglobulin M (IgM) commercial ELISA kit (cata-
log number CSB-E12045Fh; CUSABIO, China) was used
to measure IgM (mg per dl) at 450 nm.

Oxidative stress and antioxidant enzyme assays

Liver and brain tissues were homogenized in ice-cold
50 mM sodium phosphate buffer (pH: 7) containing
0.1 mM ethylenediaminetetraacetic acid (EDTA) yielding
10% (W/V) homogenate. The homogenates were centri-
fuged at 12.000 g for 30 min at 4 °C, and the supernatants
were aliquoted and kept at —40 °C for oxidative stress and
antioxidant enzyme assays. The concentration of thiobarbi-
turic acid reactive products (malondialdehyde, MDA) was
used to estimate lipid peroxidation (Ohkawa et al. 1979).
Superoxide dismutase (SOD), and glutathione-s-transferees
(GST) activity was measured by the methods of Marklund
and Marklund (1974) and Habig et al. (1974), respectively.
Total glutathione (GSH) content and glutathione peroxi-
dase activity (GPx) were examined by Beutler et al. (1963).
According to Mansour and Gamet-Payrastre (2016), altera-
tion in the levels of biochemical parameters due to ABM
was determined. On the other hand, the “amelioration index”
(AI) was estimated as previously mentioned in biochemical
parameters evaluation.

Analysis of TGF-f, TNF-a, IL-1f, and IL-108 mRNA
gene expression

The spleen samples were taken and cleaned in PBS buffer
(pH 7.2). The easy-RED kit (iNtRON Biotechnology, South
Korea) was used to extract total RNA from spleen tissue
according to the instructions. The QuantiTect Reverse Tran-
scription kit (Qiagen, Germany) was used in accordance
with the manufacturer’s instructions to produce cDNA from
a total of 1 ug of RNA. Table 2 lists the primer sequences
used to amplify the B-actin, transforming growth factor-f
(TGF-p), tumor necrosis factor (TNF-a), interleukin 1 beta
(IL-1p), and interleukin 10 beta (IL-10p) genes (Qiang et al.
2014; Standen et al. 2016) and cycling condition using an
Applied Biosystems™ 7500 Real-Time PCR (Thermo
Fisher Scientific, USA). According to the standard curve,
the amplification effectiveness of each primer was more than
97%. After normalizing the qRT-PCR results against the
-actin reference gene, relative expression was assessed using
the 2~22CT method (Yuan et al. 2006). The results of each
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experimental group were compared to the control and were
expressed as fold changes.

Residue analysis in tissues

Abamectin residues were extracted by adding acetonitrile
(5:1 v/w) to well-homogenized fish tissues (gills, brain, liver,
and kidney muscles), and clean-up was carried out by 25 mg
C18 and 150 mg anhydrous magnesium sulfate according
to Anastassiades et al. (2003). A UV detector set at 260 nm
was used to examine ABM residues using HPLC (high-per-
formance liquid chromatography) (Agilent 1260). Column
Eclipse XDB-C 18 (5 um, 4.6*250 mm) and methanol/water
(9:1, v/v) as the mobile phase at a flow rate of 1 ml/min were
employed. These conditions resulted in good separations,
and high sensitivity was obtained. To assay the efficacy of
the used extraction, clean-up, and a final determination pro-
cedure, recovery estimate was carried by untreated fish tis-
sues as described by Mounes et al. (2020).

Statistical analysis

The obtained data are represented as mean + standard error
(M + SE). The significance of the difference between the
tested groups was calculated by one-way ANOVA followed
by Duncan’s test at P <0.05 using the IBM Statistical Pack-
age for Social Science for Windows (WINSPSS) version 25
(Chicago, USA). Shapiro—Wilk W test and homogeneity of
variances were used to check the data for normality.

Results
Characterization of MOE

The total phenol content (TPC) of the ethanolic extract
obtained from Moringa oleifera leaf powder was 106 +3 mg
GAE g~! dry extract, while the total flavonoid (TFCs) con-
tent was 58 + 1.6 mg QE g! dry extract (Table 3). The major
phenolic and flavonoid compounds in MOE were determined
by HPLC. Cinnamic acid has the highest concentration
(11 mg/g dry extract) of all the components.

Clinical symptoms and post-mortem findings

The CONT and MOE groups exhibited no behavioral
changes or clinical signs, and both groups had a 100%
survival rate. Contrarily, the ABM-exposed group had the
highest mortality rate (30%) during the experiment with the
emergence of clinical symptoms, the most significant of
which were surface swimming, loss of appetite, and darken-
ing of the skin color. Fish lost some of their reflexes, such as
becoming less responsive to knocking on the aquarium wall
and more susceptible to net capture, especially during the
trial’s last week. Most of the fish had been dead with their
mouths open (Table 4 and Fig. 2). However, the results indi-
cated that the addition of MOE in the diet of ABM +MOE
group ameliorated the effects of ABM via diminishing of
mortality rate (6.67%) and severity of clinical symptoms, as
shown in Table 4.

Biochemical parameters

The biochemical parameters are displayed in Table 5,
which illustrates a significant increase in serum ALT,

Table 3 Major phenolic and

. . Compounds Retention time Concen-
ﬂavopmd corppounds in . (min) tration
Moringa qletfera leaf ethanolic (mg/g
extract estimated by HPLC dry

extract)

Gallic acid 7 2
Chlorogenic acid 6.5 1.7
Catechin 16 0.9
Cafteic acid 6.64 5
Cinnamic acid 10.5 11
Syringic acid 19.8 5.5
Rutin 8.2 6
Naringenin 15 10
Quercetin 10.3 6

Total phenol contents (TPCs)
Total flavonoid contents (TFCs)

106 +3 mg GAE g~! dry extract
58+1.6 mg QE g~! dry extract
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Tablg 4 Effe'ct of phenolic-rich Clinical signs Experimental groups
Moringa oleifera leaf extract on
survival and clinical symptoms CONT ABM MOE ABM +MOE
of Oreochromis niloticus
exposed to abamectin (5% EC) No. of fish that survived *No=30 30(100%) 21 (70%) 30 (100%) 28 (93.33%)
for 28 days Rapid and surface swimming No 0/30 (0%)  9/21 (42.85%) 0/30 (0%)  2/28 (7.14%)
Score - ++ - +
Low of appetite and food intake ~ No 0/30 (0%)  15/21 (71.42%) 0/30 (0%)  2/28 (71.42%)
Score - +++ - +
Loss of reflexes (knocking on No 0/30 (0%)  10/21 (47.61%) 0/30 (0%)  3/28 (10.71%)
one side of the aquaria and Score - ++ _ +
escape when try to catch fish)
Respiratory manifestation (rapid No 0/30 (0%)  10/21 (47.61%) 0/30 (0%)  1/28 (3.57%)
operculum movement and Score _ ++ _ +

opening mouth to gasp air)

* No=number of fish/experimental group

The symptoms were observed, and their score were established as follow: (—) no, (+) weak, (++) moder-
ate, and (++ +) severe

CONT, control group where fish were fed with control reference diet without any exposure; ABM, fish fed
with control reference diet and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery); MOE, fish fed
with phenolic-rich Moringa oleifera leaf extract-supplemented diet without any exposure; ABM + MOE,
fish fed with phenolic-rich Moringa oleifera leaf extract-supplemented diet and exposed to 0.5 ug/l of
abamectin (ABM 5% EC, Profery)

Fig.2 Main symptom of fish
from ABM group (fish fed

with control reference diet and
exposed to 0.5 ug/l of abamectin
(ABM 5% EC) showing open
mouth (white arrow) and dark-
ness of coloration (yellow star)

AST, total protein (TP), and albumin (Alb) levels while
there is a significant decrease in serum ALP activities in

levels of total cholesterol, triglycerides, LDL, and VLDL,
while there was reduction in HDL levels when compared

the ABM group in comparison to control. However, in
ABM +MOE group, ALT, AST, ALT/AST ratio, and ALP
levels were decreased, while TP, Alb, and A/G ratio levels
were increased. The serum ALT, AST, and ALP activities
were shown to be improved by MOE, with ameliorative
index (AI) readings of 0.82, 0.94, and 0.92, respectively.
In addition, fish in MOE group showed an increase in ALT,
ALT/AST, and A/G when compared to the control group.

Regarding the lipid profile, all treatments (ABM and
ABM + MOE) significantly increased the fish’s serum

to the control group (P <£0.001). Also, supplementation
with MO extract induced rise in level of serum total cho-
lesterol when compared with the control group (Table 6).

On the other hand, the results demonstrated in Fig. 3
indicate that fish exposed to ABM had higher urea lev-
els but lower creatinine concentration, while the opposite
result was recorded in ABM + MOE.
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Table 5 Effect of phenolic-rich
Moringa oleifera leaf extract on
liver functions of Oreochromis

niloticus exposed to abamectin
(5% EC) for 28 days

Table 6 Effect of phenolic-rich
Moringa oleifera leaf extract
on lipid profile of Oreochromis
niloticus exposed to abamectin
(5% EC) for 28 days

Parameters CONT ABM MOE ABM+MOE %Change Al
ALT (U/1) 10.59+0.22°  15.69+0.50°  11.74+0.11° 8.73+0.20¢ 48.12 0.82
AST (U/l) 4535+1.83°  72.62+126°  46.08+0.62°  42.95+0.24° 60.12 0.94
ALT/AST 0.23+0.01° 0224001  0.25+0.01% 0.20+0.004° —11.98 0.92
ALP (U/) 16.53+0.39° 1455039  15.59+0.36™ 15264048 — —
TP (g/dl) 4.08+0.04° 4.72+0.03* 3.94+0.06° 459+0.07° — —
Alb (g/dl) 1.04+0.01° 1.53+0.02* 1.07+0.01¢ 125+0.01° — —
Glb (g/dl) 3.04+0.04>  3.19+0.05%  2.87+0.07° 333+0.060 — —
A/G 0.34+0.01° 0.48+0.01° 0.37+0.01° 037+001° — —

Means followed by different letters within each row are significantly different according to Duncan test
(P<0.05). Data are presented as mean + SE

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; TP,
total protein; Alb, albumin; GIb, globulin, Al, ameliorative index

CONT =control group where fish were fed with control reference diet without any exposure; ABM, fish
fed with control reference diet and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery); MOE, fish
fed with phenolic-rich Moringa oleifera leaf extract-supplemented diet without any exposure; ABM + MOE,
fish fed with phenolic-rich Moringa oleifera leaf extract-supplemented diet and exposed to 0.5 ug/l of
abamectin (ABM 5% EC, Profery)

Parameters CONT ABM MOE ABM + MOE

T. Cholesterol (mg/dl) 67.70£0.70¢ 143.40+2.96" 73.38+0.25¢ 91.10+1.38°
Triglyceride (mg/dl) 84.77+1.68° 119.90+1.53% 85.86+1.30° 109.70 +2.33°
HDL (mg/dl) 35.29+1.09% 27.16+0.50° 36.37+0.57% 26.44 +0.68°
LDL (mg/dl) 15.45+0.81° 92.27 +2.36° 19.84+0.61° 4271 +1.83°
VLDL (mg/dl) 16.95+0.33¢ 23.97+0.30° 17.17 £0.26¢ 21.95+0.46°

Means followed by different letters within each row are significantly different according to Duncan test
(P<0.05). Data are presented as mean + SE

Abbreviations: T. Cholesterol, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; VLDL, very-low-density lipoprotein; CONT, control group where fish were fed with control reference
diet without any exposure; ABM, fish fed with control reference diet and exposed to 0.5 ug/l of abamectin
(ABM 5% EC, Profery); MOE, fish fed with phenolic-rich Moringa oleifera leaf extract-supplemented diet
without any exposure; ABM + MOE, fish fed with phenolic-rich Moringa oleifera leaf extract-supplemented
diet and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery)

Immunological parameters

Nitric oxide activity was not significantly different in
the MOE group compared to the control group, whereas
IgM and lysozyme activity was significantly higher in the
MOE group. On the other hand, there was a significant
reduction in lysozyme activity, nitric oxide, and IgM in
the ABM group compared to the control. Treatment with
MOE reduced the negative effects of ABM on immuno-
logical parameters in the ABM + MOE group of fish, but
the measured parameters did not reach the levels seen in
the control group (Fig. 4).

@ Springer

Antioxidant capacity

In comparison to the control group, liver samples from
the ABM group had significantly higher levels of MDA in
both the brain and the liver, as well as SOD, GPx, GST,
and GSH, while the GPx in brain samples and the GSH
in liver and brain samples considerably decreased in the
group subjected to ABM (Table 7). There was no discern-
ible variation in SOD and GST levels across the brain sam-
ples from the various experimental groups. On the other
hand, MOE dietary supplementation mitigated the oxida-
tive stress induced by ABM exposure, where MDA and
GSH levels in brain and liver samples and SOD, GPx, and
GST levels in liver samples were significantly improved.
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Relative expression of immune-related genes

As shown in Fig. 5, an estimation of the relative levels
of expression of the immune-related genes was obtained
using RT-PCR analysis of the mRNA levels of the genes.
There were no significant differences in the level of
IL-1p, TGF-B, and IL-10p mRNA between the MOE
and control groups, while the mRNA of TNF-a level
was significantly upregulated (1.11-fold) in the MOE
group in comparison to CONT. On the other hand, in
the ABM-exposed group, the levels of IL-1f and TNF-«a
mRNA were markedly up-regulated (1.98- and 1.93-fold,
respectively), while TGF-p and IL-108 mRNA levels
were down-regulated (0.36- and 0.33-fold, respectively).
In the ABM + MOE group, the TGF-p and IL-10 anti-
inflammatory genes were up-regulated (0.67- and 0.8-
fold, respectively), while the IL-1p and TNF-a inflam-
matory genes were down-regulated (0.76- and 0.8-fold,
respectively).

Fig.4 Effect of phenolic-rich Moringa oleifera leaf extract on
lysozyme activity (A), nitric oxide (B), and IgM (C) of Oreochromis
niloticus exposed to abamectin (5% EC, Profery) for 28 days. Data
are presented as mean + SE. The bars with different letters are signifi-
cantly different according to Duncan test (P <0.05). CONT, control
group, where fish were fed with control reference diet without any
exposure; ABM, fish fed with control reference diet and exposed to
0.5 ug/l of abamectin (ABM 5% EC, Profery); MOE, fish fed with
phenolic-rich Moringa oleifera leaf extract-supplemented diet with-
out any exposure; ABM+MOE, fish fed with phenolic-rich Moringa
oleifera leaf extract-supplemented diet and exposed to 0.5 ug/l of
abamectin (ABM 5% EC, Profery)

Residue levels of fish tissue

Three spiking levels with five replicates for each level
resulted in recovery percentages that ranged from 77 to
93.8%. By creating a calibration curve using mean stand-
ards from five injections, linearity was assessed. It was
determined that the correlation coefficient (R%) was 0.999.
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Table 7 Effect of phenolic-rich Moringa oleifera leaf extract on brain and liver oxidative stress and antioxidants of Oreochromis niloticus
exposed to abamectin (5% EC) for 28 days

Parameters organ CONT ABM MOE ABM +MOE % Change Al
MDA (nmol/g tissue) Brain 11+0.98° 28.77+1.99 11.06+£0.53° 10.61+£0.45° 161.6 0.96
Liver 10.62+0.32° 17.40+0.80° 9.36£0.70° 11.20+0.73° 63.87 1.05
SOD (U/min/g tissue) Brain 172.20+0.59 170.40+0.93 169+0.41 171.50 +1.27 —-1.033 0.99
Liver 168.70 +4.60° 186.50 +4.4* 167+£2.72° 165.80+3.1° 10.59 0.983
GPx (nmol/g tissue) Brain 3136 +101.80% 2842 +98.4° 3280+35.79* 2675+101.20"  —9.348 0.853
Liver 2385+197.70° 2957+175.50 2485+ 160.40° 2445 +36.8° 23.98 1.025
GST (umol/min/g tissue) Brain 1460+219.80 1547422450  1419+126.60 1649 +97.88 5.896 1.12
Liver 4539+218.70° 7051+373.50° 4580 +264.30° 5674+283.40" 5533 1.250
GSH (nmol/g tissue) Brain 3448 +151.10° 1756 +96.2° 3400 + 148.20° 3363+175.40* —49.08 0.97
Liver 2642 +206.10* 1885+130.70°  2774+162.90 3043+110.07* —28.66 1.151

Means followed by different letters within each row are significantly different according to Duncan test (P <0.05). Data are presented as
mean + SE

Abbreviations: MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; GST, glutathione-s—transfer-
ees; GSH, total glutathione; A/, ameliorative index; CONT, control group where fish were fed with control reference diet without any exposure;
ABM, fish fed with control reference diet and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery); MOE, fish fed with phenolic-rich Mor-
inga oleifera leaf extract-supplemented diet without any exposure; ABM +MOE, fish fed with phenolic-rich Moringa oleifera leaf extract-supple-
mented diet and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery)
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transforming growth factor beta (TGF-p) (C), and interleukin-10f fery); MOE, fish fed with phenolic-rich Moringa oleifera leaf extract-
(IL-10p) (D) of Oreochromis niloticus exposed to abamectin (5% EC, supplemented diet without any exposure; ABM +MOE, fish fed with
Profery) for 28 days. Data are presented as mean +SE. The bars with phenolic-rich Moringa oleifera leaf extract-supplemented diet and
different letters are significantly different according to Duncan test exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery)

(P<0.05). CONT, control group, where fish were fed with control
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The results in Table 8 show that ABM residues in
muscles, gills, brain, liver, and kidney fish samples were
1.70, 3.00, 5.3, 3.2, and 2.8 ppb, respectively, whereas
the amount of ABM residues fed on diet supplement with
MOE reduced. The highest detectable levels of ABM resi-
dues were detected in brain tissues, but the lowest were in
muscles. The relative standard deviation (% RSD), which
is the relationship between standard deviation and aver-
age concentration discovered, has been identified as the
measure of precision. The RSD (%) ranged from 1.9 to 5.5
with the tested pesticide and 2.4 to 6.3 in fish exposed to
ABM + MOE. The low detection limit (LOD) and limit of
quantitation (LOQ) of ABM were determined to be 0.01
and 0.06 mg/kg, respectively.

Discussion

According to Environmental Protection Agency Office of
Pesticide Programs (EPA/OPP) and the Globally Harmo-
nized System of Classification and Labelling of Chemi-
cals (GHS), ABM is classified as very high toxic com-
pound (category 1), which is extremely toxic to aquatic
species. For example, the 96 h-LCs, of abamectin (Pro-
fery 5% EC) for Oreochromis niloticus is 10 ug/l (Farag
and Reda 2021).

Herbal and medicinal plants have recently received a lot
of attention because they contain various chemicals (e.g.,
phenolic and flavonoid compounds) that have antibacterial,
anticancer, anti-inflammatory, antioxidant, and immunostim-
ulant properties (Tungmunnithum et al. 2018). The results of
the current study confirmed that MOE contains high levels
of total phenols and flavonoids, which was supported by the
results of Sreelatha and Padma (2009), Moyo et al. (2012),
and El-Seadawy et al. (2022).

Table 8 Residue levels of abamectin (5% EC) alone and with Mor-
inga oleifera leaf extract in different fish (Oreochromis niloticus) tis-
sues after 28 days of exposure

Organs ABM (5% EC) ABM +MOE

Residues (ppb) RSD (%) Residues (ppb) RSD (%)
Muscle  1.70+0.11 2.7 1.50+0.20 2.4
Gills 3.00+0.10 1.9 1.60+0.10 2.7
Brain 5.30+0.30 4.9 1.30+0.20 2.6
Liver 3.20+0.20 5.5 2.10+0.30 6.3
Kidney  2.80+0.40 2.5 1.80+0.30 33

Data are presented as mean + SD

Abbreviations: ppb, parts per billion; RSD (%), the relative standard
deviation; ABM, fish fed with control reference diet and exposed to
0.5 ug/1 of abamectin (ABM 5% EC, Profery); ABM + MOE, fish fed
with phenolic-rich Moringa oleifera leaf extract-supplemented diet
and exposed to 0.5 ug/l of abamectin (ABM 5% EC, Profery)

In the current results, the ABM-exposed group had the
highest rate of mortality (30%), along with a variety of
clinical symptoms including loss of appetite, skin darken-
ing, and loss of some reflexes, similar to our results, Dos
Santos et al. (2023) showed a reduced escape capacity,
lack of feeding, and browning in zebra fish exposed to
ABM even at acute or chronic exposure. After 38 and 24 h
of exposure to ABM at 3.0 and 4.5 pg/l, Oncorhynchus
mykiss stayed to the bottom of aquariums with sluggish
movement and dark pigmentation in their coloring (Jencic¢
et al. 2006). The skin darkening and behavioral changes
may be related to the neuroendocrine stress response to
ABM, which affects brain monoaminergic activity and
could be responsible for all the physiological and behav-
ioral changes in fish (@verli et al. 2001). In the present
study, MOE displayed a potential impact on the attenua-
tion to the ABM toxicity symptoms in O. niloticus. This
reduction in toxicity symptoms will be explained by all of
the analyses in this study as well as the changes generated
by the MOE supplementation, particularly its antioxidant
and immune-boosting qualities.

Liver is a detoxification organ that serves as a biomarker
for environmental pollution (Norhan et al. 2022). ALT is
a sensitive indication of hepatocyte impairment and might
be raised even when no symptoms are present. AST can
be detected in the liver, skeletal muscle, kidney, brain, and
erythrocytes. ALT activity is lower in extrahepatic tissues,
making it a more specific indication of liver damage than
AST (Kulkarni et al. 2021). Therefore, ALT, AST, and ALP
testing can be utilized for aquatic pollution biomonitor-
ing (de la Torre et al. 2000; Vaglio and Landriscina 1999).
Even slight cellular damage can be detected by an increase
in these enzymes’ activity in the extracellular fluid or serum
(Coeurdacier et al. 2011; Patriche et al. 2011). On the other
hand, the total serum globulin level is considered an indica-
tor of general specific immunity in fish (Yilmaz and Ergiin
2018).

According to our findings, fish intoxicated by ABM sig-
nificantly increased their serum levels of ALT, AST, TP,
and Alb. These results are explained by Hsu et al. (2001)
and Castanha Zanoli et al. (2012) who reported that ABM
intoxication disrupts hepatocyte function and causes liver
damage in addition to impairing neuronal coordination.
In addition, the interaction of the ABM with the adenine
nucleotide translocator may contribute to the toxicity of the
hepatocytes by functionally inhibiting the translocator and
impairing mitochondrial bioenergetics (Castanha Zanoli
et al. 2012). Similar to our results, Rohmah et al. (2022)
reported that Cyprinus carpio exposed to 12.5% LCs, of
ABM for 30 days had a substantial increase in serum ALT.
Similarly, plasma ALT and AST increased in 96-h ABM-
exposed O. niloticus (Firat and Tutus 2020). On contrary,
AST and ALT were significantly declining in white snail,
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Theba pisan, after 7 days of exposure to 20 and 60% LD,
ABM doses (48 h-LDs, value of 1.048 pg/snail) (Radwan
and Gad 2022). Kushwaha et al. (2020) reported a substan-
tial rise in the AST/ALT ratio in the O. mossambicus group
subjected to 55 ppb of ABM for 48 h, and they attributed
this finding to the fibrotic injury to liver tissue caused by
ABM exposure.

ALP activity was not statistically substantially increased
in O. mossambicus exposed to 40 and 45 ppb of ABM for
48 h, but it was considerably increased in the high-dose
group (55 ppb for 48 h) due to the biliary blockage caused
by ABM exposure (Kushwaha et al. 2020). The decreased
activity of alkaline phosphatase in pesticide-exposed fish
may be connected to the interactions between pesticides
and co-factors and regulators, as well as its inducement to
cell organelle damage such as the endoplasmic reticulum
and membrane transport system damage (Al-Ghanim et al.
2020). On the contrary, the Labeo rohita juveniles fed with
emamectin benzoate >250 pg kg~! of fish biomass per day
for 21 days had considerably high levels of ALP (Choud-
hary et al. 2022). The marked increase in serum total pro-
tein, albumin, and globulin was recorded in O. niloticus
exposed to ABM acute toxicity at 5 ug/l for 96 h (Farag
and Reda 2021). In another study, abamectin was found to
dramatically lower total protein concentration in tilapia fish
tissues, including the liver, muscle, kidney, and gills (Al-
Kahtani 2011). O. niloticus subjected to 1/10 of the ABM
96-h LCs (20.73 pg/l) for 84 days demonstrated a consider-
able drop in globulin levels because of the ABM-induced
liver damage and dysfunction (Mahmoud et al. 2021). Nota-
bly, several other studies supported our findings (Abou-
Zeid et al. 2018; Mobeen et al. 2022; Thiripurasundar et al.
2014), indicating that ABM has the potential to damage
the liver.

In this study, the MOE supplementation diminished the
hepatotoxic effect of ABM in the ABM + MOE group by
enhancing ALT, AST, TP, Alb, and GIb levels and A/G ratio.
This hepatoprotective effect of MOE could be attributed to
the presence of quercetin (Table 3) as a protective agent
for liver diseases, as quercetin inhibited liver inflamma-
tion primarily via NF-B/TLR/NLRP3, mTOR activation in
autophagy, and inhibited the expression of apoptotic fac-
tors associated with the development of liver diseases as
recorded by Zhao et al. (2021). Furthermore, the MOE con-
tains caffeine and cinnamic acids, which when coupled with
triphenyl phosphonium cations, protect the hepatic mito-
chondria from lipid peroxidation, apoptosis, and a decline
in hydrogen peroxide levels (Espindola et al. 2019; Li et al.
2017). The previously reported hepatoprotective properties
of MOE components could have resulted in liver cell mem-
brane stability and stop the leakage of enzymes (Pari and
Karthikesan 2007; Toppo et al. 2015). Toppo et al. (2015)
demonstrated that oral supplementation with MO extract
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(500 mg/kg daily for 28 days) mitigated the hepatotoxic
effect of cadmium in rats. Numerous studies have shown
that MO has hepatoprotective properties against a variety
of contaminants, including ABM (Abdelrasoul 2018), pen-
dimethalin (Hamed and El-Sayed 2019), chlorpyrifos (Ibra-
him et al. 2019), carbon tetrachloride (Selvakumar and Nata-
rajan 2008), 7,12- dimethyl-benz[a]anthracene (Sharma and
Paliwal 2012), and cadmium (Toppo et al. 2015).

In the current study, Nile tilapia in the ABM group had
significantly higher levels of total cholesterol, triglycer-
ides, LDL, and VLDL during the experimental exposure
period. Similar to our results, Mahmoud et al. (2021)
reported that the lipid profile of O. niloticus subjected to
ABM (20.73 pg/l) for 84 days was significantly affected
except HDL value. Moreover, El-Said (2007) indicated that
hypercholesterolemia was detected in abamectin-exposed O.
niloticus (at 50.48 and 103. 68 pg/l) after 14 days of expo-
sure. The elevation of the ABM group lipid profile could be
attributed to the damage of hepatic cell membranes, which
allowed the leakage of total cholesterol, triglycerides, LDL,
and VLDL (El-Shenawy 2010). Hypercholesterolemia could
be explained by an enhanced production by the liver (and
other organs) or release of cholesterol-damaged cell mem-
branes, and/or this may be due to inhibit the conversion
of cholesterol into steroid sex hormones (Mukherjee et al.
1991; Singh and Reddy 1990).

The current study has proven the palliative effect of MOE
against the toxic effect of ABM on the O. niloticus lipid
profile in ABM +MOE group. This palliative effect of MOE
could be related to chlorogenic acid, which has anti-dyslip-
idemic properties and characteristics by lowering plasma
total cholesterol and triglycerides (Cho et al. 2010). How-
ever, phenolic compounds, saponins, and flavonoids in MOE
play significant roles in lipid regulation by inhibiting pan-
creatic cholesterol esterase activity, delaying and decreasing
cholesterol absorption, and binding bile acids by forming
insoluble complexes and increasing their fecal excretion,
which lowers plasma cholesterol levels (Adisakwattana and
Chanathong 2011; Oyedepo et al. 2013).

The two main biochemical markers used to evaluate renal
health are creatinine and urea (Gounden et al. 2022). Urea
and creatinine are the byproduct of protein catabolism, so
the elevation in urea concentration may be caused by ABM
impact on liver or kidney function (Nasr et al. 2016). In the
present study, the fish exposed to 0.5 ug/l ABM exhibited a
significant increase in the urea levels and reduction of the
creatinine concentration. This is in line with the findings of
Farag and Reda (2021) who found that fish exposed to ABM
(5% EC) had considerably higher serum urea and lower cre-
atinine levels after 96 h. Since the kidney is the organ that
largely excretes urea, the increase in urea concentration
may be linked to decreased kidney glomerular filtration,
dysfunctional kidney tubules, and impaired kidney function
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(Magdy et al. 2016; Walmsley and White 1994). On con-
trary, Mahmoud et al. (2021) recorded a significant increase
in O. niloticus exposed to 20.73 pg/l ABM for 84 days. Also,
on day 14, the creatinine level in ABM-exposed O. niloticus
(103.68 pg/l) increased (El-Said 2007). Our results and those
of various experiments may differ due to differences in fish
life stages, ABM concentrations, and time of exposure. From
these results, we can conclude that ABM could boost bio-
chemical catabolism to meet the increased energy demand of
stressed animals or could decrease synthesis due to impaired
tissue function (Magdy et al. 2016).

On the other hand, MOE supplementation minimized
the disruptive effect of ABM on renal function in the
ABM + MOE co-treated group, demonstrating a move
toward normal. When MO leaves were added to the diet
of O. niloticus that had been exposed to dimethoate, the
levels of urea and creatinine were brought back to normal
compared to the control, especially after 30 days (Soror et al.
2021). The MO leaf extracts could protect kidneys from the
effects of toxicity by strengthening the body’s natural anti-
oxidant system to withstand the environment of oxidative
stress through various naturally bioactive components and
highly accessible essential trace elements (vitamin A, nico-
tinic acid, vitamin B, citric acid, malic acid, succinic acid,
fumaric acid, and oxalic acid) in this extract (Karthivashan
et al. 2016; Sharma and Paliwal 2012).

The immune health condition of aquatic animals is nega-
tively impacted by the watery pesticide and any other envi-
ronmental contaminants, and has an impact on these aquatic
species’ survival and growth rates as well as their resist-
ance to infections (Cuesta et al. 2011). In the current study,
ABM caused an immunosuppressive effect on O. niloticus
by decreasing lysozyme and nitric oxide activates and IgM
in comparison to the control group. These results are simi-
lar to those of Hong et al. (2020b) for Eriocheir sinensis,
Mahmoud et al. (2021) for O. niloticus, and Rohmah et al.
(2022) for Cyprinus carpio despite the fact that each of
them used a different exposure dose and duration. The pre-
sent study revealed that dietary supplements of MOE could
improve the hazardous effect of ABM on LYSO, NO, and
IgM of ABM + MOE group. This enhancement may be due
to the presence of MOE cinnamic acid and other phenolic
and flavonoid components as well as naringenin that act as
immunomodulators (Havsteen 2002; Kaurinovic and Vastag
2019; Salehi et al. 2019). The findings are consistent with
earlier research by Ibrahim et al. (2019) and Mahmoud et al.
(2022), which indicated that MOE protected O. niloticus
from the immunosuppressive effects of chlorpyrifos and
fipronil.

Even though aquatic organisms can produce free radicals
and reactive oxygen species (ROS) naturally during their
aerobic metabolism, they may increase in stressful environ-
ments due to exposure to hazardous substances such as ABM

(Ajima et al. 2021). The oxidative damage resulting from
the increase in ROS could affect aquatic organisms’ physi-
ological functions and impair their immunological status.
The current findings reveal that 28 days of exposure to 0.5
ug/l ABM increased levels of MDA in the brain and liver, as
well as SOD, GPx, and GST in liver samples, which explains
the causes of disturbance in liver and kidney functions in
the ABM group in this study. The results are in line with
previous research that showed that ABM can induce oxida-
tive stress and alter the antioxidant response in several fish
and shellfish species such as O. niloticus (Mahmoud et al.
2021; Mansour et al. 2022), Cyprinus carpio (Rohmabh et al.
2022), Schizothorax prenanti (Hong et al. 2020a), and Eri-
ocheir sinensis (Hong et al. 2020b). Furthermore, the current
research showed that dietary supplementation with MOE
mitigated the adverse effects of ABM on the antioxidant
system of exposed fish in ABM +MOE group. The rela-
tive abundance of polyphenols (phenyl propanoids, phenolic
acids, flavonoids, and tannins) in M. oleifera, which func-
tion as hydrogen donors that stabilize free radicals produced
by cells via electron donation or acceptance, directly con-
tributes to MOE antioxidant effect in order to improve O.
niloticus antioxidant response (Sreelatha and Padma 2009).
Cytokines are tiny proteins that influence the forma-
tion of all blood cells as well as other cells that aid in the
immunological and inflammatory responses of the body. In
the present results, ABM elevated the inflammatory genes
(TNF-a and IL-1p) and declined the anti-inflammatory
genes (TGF-P and IL-10pB). These findings may be related
to cell damage and inflammatory reactions created by ABM,
as well as inflammation caused by increased ROS produc-
tion, which increases inflammatory cytokines by stimulating
NF-,B pathway activation (Gur et al. 2022). The findings are
consistent with a prior report on rats given ABM orally at a
dose of 1 mg/kg every other day for 28 days, which mark-
edly elevated the expression levels of NF-, B, IL-1f, and
TNF-a in testicular tissue (Gur et al. 2022). In the current
investigation, the mRNA levels of inflammatory genes in
the spleen tissues of ABM + MOE fish were significantly
lower than in the ABM group alone. The downregulation
of inflammatory cytokines by MOE supplementation in the
ABM + MOE group could be attributed to an increase in
anti-inflammatory gene expression. Additionally, MOE was
found to block the upstream of mitogen-activated protein
kinase activation, resulting in the downregulation of inflam-
matory mediator expression (Muangnoi et al. 2012).
Predicting potential harmful effects of the compounds is
easier with the knowledge of their distribution in organisms
and liposolubility. It is generally known that some com-
pounds build up in compartments within the environment
and within living things (Paraiba et al. 2009). Fish, there-
fore, absorb insecticides after coming into contact with them
in water. The majority of pesticides readily pass through
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biological membranes due to their lipophilicity, which
makes fish more susceptible to aqueous insecticides. Insec-
ticides may then get bioconcentrated in various fish tissues.
Given that fish are lower on the food cycle, bioaccumula-
tion of pesticides may rise in the tissues of their predators
and consumers such as humans, having an adverse effect on
the health and survival of these individuals (Lushchak et al.
2018; Rani et al. 2022). Therefore, the bioaccumulation of
these pollutants in fish and the possible biomagnifications
in humans are considered to be a hazard to hepatotoxic and
neurologic injuries as well as reproductive disorders (Par-
aiba et al. 2009).

In the current study, the highest detectable levels of ABM
residues were detected in brain and then liver tissues, but
the lowest were in muscles. Various enzymatic alterations
result from hazardous substance accumulation in the liver
that exceeds the tolerable level (Al-Ghanim et al. 2020). The
organism’s ability to absorb and disperse toxicants depends
on both the toxicant and the organism. Examples of these
factors include the compound’s hydrosolubility, liposolubil-
ity, and degree of ionization, octanol-water partition coef-
ficient, and tissue lipid contents among others (Paraiba et al.
2009). ABM has been discovered to collect at elevated levels
in fatty tissue, such as the brain, liver, and fat, because of its
strong lipophilic nature (Gonzalez Canga et al. 2009). In the
present study, MOE efficiently removed ABM residues from
fish tissues. MOE had the greater potential effect to remove
ABM from brain samples (from 5.3 to 1.3 ppb), while it
has a small potential effect to remove ABM from muscles
(from 1.7 to 1.5 ppb). The acceptable relative standard devi-
ation in our result was between 1.9 and 6.3%, which is in
agreement with that published by European Commission
Directorate General for Health and Food Safety (ECDGHFS
2015). Therefore, M. oleifera ethanolic extract (MO) can
efficiently remove abamectin residues from fish. MO is an
environmentally friendly natural coagulant and able to treat
water containing undesirable toxicant materials (Soumaoro
et al. 2021), so the decreased ABM concentration in exposed
fish can be explained by the process of coagulation with
coagulants present in MO. Moreover, MOE could reduce
ABM accumulation in different fish tissues due to a poten-
tial chelating activity by some substances in MOE and/
or through facilitating the ABM excretion from the body
(Nakata et al. 2022). Further investigations are required to
clarify the mechanism by which MO reduced the pesticide
and heavy metal accumulation in the different tissues.

Conclusion
The current investigation supports the promising role of

Moringa oleifera as a potential natural detoxifying agent
in counteracting the hepato-renal toxic effects of abamectin
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exposure and limiting its accumulation in fish musculature
and other tissues. However, more research is required to
investigate the precise mechanisms by which Moringa oleif-
era produces its ameliorative actions in fish.

Author contribution Rania M. A. Helmy, Rasha M. Reda, Ali Osman,
Farag A. Gh. Ahmed, and Gamila A. M. Kotb were involved in concep-
tualization, data curation, formal analysis, investigation, methodology,
resources, validation, visualization, roles/writing original draft, and
writing (review and editing).

Funding Open access funding provided by The Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The
Egyptian Knowledge Bank (EKB). Open access funding provided by
The Science, Technology & Innovation Funding Authority (STDF) in
cooperation with The Egyptian Knowledge Bank (EKB).

Data availability All data generated or analyzed during this study are
included in this published article.

Declarations

Ethics approval This experiment was carried out in conformity with
ethical procedures and policies approved by the Institutional Animal
Care and Use Committee of Zagazig University under number ZU-
TACUC/2/F/47/2021.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abd Rani NZ, Husain K, Kumolosasi E (2018) Moringa genus: a
review of phytochemistry and pharmacology. Front Pharmacol
9. https://doi.org/10.3389/fphar.2018.00108

Abdel-Latif HMR, Abdel-Daim MM, Shukry M, Nowosad J, Kucha-
rczyk D (2022) Benefits and applications of Moringa oleifera
as a plant protein source in aquafeed: a review. Aquaculture
547:737369. https://doi.org/10.1016/j.aquaculture.2021.737369

Abdel-Shafi S, Al-Mohammadi A-R, Sitohy M, Mosa B, Ismaiel A,
Enan G, Osman A (2019) Antimicrobial activity and chemi-
cal constitution of the crude, phenolic-rich extracts of Hibiscus
sabdariffa. Brassica Oleracea Beta Vulgaris Molecules 24:4280.
https://doi.org/10.3390/molecules24234280

Abdelrasoul MA (2018) Modulation of abamectin and indoxacarb-
induced toxicity on male albino rats by Moringa oleifera. Alex
Sci Exch 39:232-243. https://doi.org/10.21608/asejaiqjsae.2018.
6831


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fphar.2018.00108
https://doi.org/10.1016/j.aquaculture.2021.737369
https://doi.org/10.3390/molecules24234280
https://doi.org/10.21608/asejaiqjsae.2018.6831
https://doi.org/10.21608/asejaiqjsae.2018.6831

Environmental Science and Pollution Research (2023) 30:58569-58587

58583

Abidin Z, Huang H-T, Hu Y-F, Chang J-J, Huang C-Y, Wu Y-S, Nan
F-H (2022) Effect of dietary supplementation with Moringa oleif-
era leaf extract and Lactobacillus acidophilus on growth per-
formance, intestinal microbiota, immune response, and disease
resistance in whiteleg shrimp (Penaeus vannamei). Fish Shellfish
Immunol 127:876-890. https://doi.org/10.1016/].£51.2022.07.007

Abou-Zeid SM, AbuBakr HO, Mohamed MA, El-Bahrawy A (2018)
Ameliorative effect of pumpkin seed oil against emamectin
induced toxicity in mice. Biomed Pharmacother 98:242-251.
https://doi.org/10.1016/j.biopha.2017.12.040

Abu Zeid EH, Khalifa BA, Said EN, Arisha AH, Reda RM (2021) Neu-
robehavioral and immune-toxic impairments induced by organic
methyl mercury dietary exposure in Nile tilapia Oreochromis
niloticus. Aquat Toxicol 230:105702. https://doi.org/10.1016/j.
aquatox.2020.105702

Adisakwattana S, Chanathong B (2011) Alpha-glucosidase inhibitory
activity and lipid-lowering mechanisms of Moringa oleifera leaf
extract. Eur Rev Med Pharmacol Sci 15:803-808

Ahmed NF, Sadek KM, Soliman MK, Khalil RH, Khafaga AF, Ajarem
JS, Maodaa SN, Allam AA (2020) Moringa oleifera leaf extract
repairs the oxidative misbalance following sub-chronic exposure
to sodium fluoride in nile tilapia Oreochromis niloticus. Animals
10:626. https://doi.org/10.3390/ani10040626

Ajima MNO, Kumar K, Poojary N, Pandey PK (2021) Oxidative stress
biomarkers, biochemical responses and Na* -K* -ATPase activi-
ties in Nile tilapia, Oreochromis niloticus exposed to diclofenac.
Comp Biochem Physiol Part-C: Toxicol Pharmacol 240: 108934.
https://doi.org/10.1016/j.cbpc.2020.108934

Al-Ghanim KA, Mahboob S, Vijayaraghavan P, Al-Misned FA, Kim
YO, Kim H-J (2020) Sub-lethal effect of synthetic pyrethroid
pesticide on metabolic enzymes and protein profile of non-target
Zebra fish, Danio rerio. Saudi J Biol Sci 27:441-447. https://doi.
org/10.1016/j.sjbs.2019.11.005

Al-Kahtani MA (2011) Effect of an insecticide abamectin on some
biochemical characteristics of tilapia fish (Oreochromis niloti-
cus). Am J Agric Biol Sci 6:62—68. https://doi.org/10.3844/ajabs
sp.2011.62.68

Allian C, Poon L, Chan C, Richmand W, Fu P (1974) Determination of
total cholesterol by enzymatic method. Clin Chem 20:470-475.
https://doi.org/10.1093/clinchem/20.4.470

Anastassiades M, Lehotay SJ, §tajnbaher D, Schenck FJ (2003) Fast
and easy multiresidue method employing acetonitrile extrac-
tion/partitioning and “dispersive solid-phase extraction” for
the determination of pesticide residues in produce. ] AOAC Int
86:412-431. https://doi.org/10.1093/jaoac/86.2.412

Anderson JH (1964) Determination of nitric oxide. Nature 202:1330—
1330. https://doi.org/10.1038/2021330a0

Anthony CM, Gloria E, Chuma SE, Joshua P, Samuel OE, Onyinye
OK, Esther D (2017) Comparative evaluation of the antimicro-
bial profile of Moringa leaf and seed oil extracts against resistant
strains of wound pathogens in orthopedic hospitals. Afr J Micro-
biol Res 11:1484-1494. https://doi.org/10.5897/AJIMR2016.7986

APHA (2015) American Public Health Association, Standard methods
for examination of water and wastewater, 23rd edn. American
Public Health Association, Washington, DC, USA

Batiha GE-S, Alqgahtani A, Ilesanmi OB, Saati AA, El-Mleeh A, Hetta
HF, Beshbishy AM (2020) Avermectin derivatives, pharmacoki-
netics, therapeutic and toxic dosages, mechanism of action, and
their biological effects. Pharmaceuticals (basel, Switzerland)
13:196. https://doi.org/10.3390/ph13080196

Beutler E, Olga D, Kelly M (1963) Improved method for the determina-
tion of blood glutathione. J Lab Clin Med 61:882—-888

Biswas D, Nandy S, Mukherjee A, Pandey D, Dey A (2020) Moringa
oleifera Lam. and derived phytochemicals as promising antiviral
agents: a review. S Afr J Bot 129:272-282. https://doi.org/10.
1016/j.sajb.2019.07.049

Bradford N (1976) A rapid and sensitive method for the quantitation
microgram quantities of a protein isolated from red cell mem-
branes. Anal Biochem 72:248-254

Brar S, Haugh C, Robertson N, Owuor PM, Waterman C, Fuchs GJ
III, Attia SL (2022) The impact of Moringa oleifera leaf sup-
plementation on human and animal nutrition, growth, and milk
production: a systematic review. Phytother Res 36:1600-1615.
https://doi.org/10.1002/ptr.7415

Bucolo G, David H (1973) Quantitative determination of serum triglyc-
erides by the use of enzymes. Clin Chem 19:476-482. https://doi.
org/10.1093/clinchem/19.5.476

Castanha Zanoli JC, Maioli MA, Medeiros HCD, Mingatto FE (2012)
Abamectin affects the bioenergetics of liver mitochondria: a
potential mechanism of hepatotoxicity. Toxicol in Vitro 26:51—
56. https://doi.org/10.1016/j.tiv.2011.10.007

Cho A-S, Jeon S-M, Kim M-J, Yeo J, Seo K-I, Choi M-S, Lee M-K
(2010) Chlorogenic acid exhibits anti-obesity property and
improves lipid metabolism in high-fat diet-induced-obese mice.
Food Chem Toxicol 48:937-943. https://doi.org/10.1016/j.fct.
2010.01.003

Choudhary P, Swain P, Das R, Sahoo SN, Das KC, Patil PK, Mishra
SS (2022) Effect of graded levels of dietary emamectin benzoate
on immunity, enzyme activity, and withdrawal period in Labeo
rohita juveniles (Hamilton, 1822). Aquac Nutr 2022:4688312.
https://doi.org/10.1155/2022/4688312

Coeurdacier J-L, Dutto G, Gasset E, Blancheton J-P (2011) Is total
serum protein a good indicator for welfare in reared sea bass
(Dicentrarchus labrax)? Aquat Living Resour 24:121-127.
https://doi.org/10.1051/alr/2011130

Cuesta A, Meseguer J and Angeles M (2011) Immunotoxicological
effects of environmental contaminants in teleost fish reared for
aquaculture. Pesticides in the Modern World - Risks and Ben-
efits. InTech. https://doi.org/10.5772/17430.6

Dalei J, Rao VM, Sahoo D, Rukmini M, Ray R (2016) Review on
nutritional and pharmacological potencies of Moringa oleifera.
Eur J Pharm Med Res 3:150-155

de la Torre FR, Salibidn A, Ferrari L (2000) Biomarkers assessment
in juvenile Cyprinus carpio exposed to waterborne cadmium.
Environ Pollut 109:277-282. https://doi.org/10.1016/S0269-
7491(99)00263-8

Dos Santos KPE, Silva IF, Mano-Sousa BJ, Duarte-Almeida JM, de
Castro WV, de Azambuja Ribeiro RIM, Santos HB, Thomé
RGIJC (2023) Abamectin promotes behavior changes and liver
injury in zebrafish. Chemosphere 311:136941. https://doi.org/
10.1016/j.chemosphere.2022.13694 1

Doumas BT, Watson WA, Biggs HG (1971) Albumin standards and
the measurement of serum albumin with bromcresol green. Clin
Chim Acta 31:87-96. https://doi.org/10.1016/0009-8981(71)
90365-2

ECDGHFS (2015) European Commission Directorate General for
Health and Food Safety: guidance document on analytical qual-
ity control and method validation procedures for pesticides
residues analysis in food and feed. Implemented by 01/01/2016,
SANTE/11945/. https://ec.europa.eu/food/sites. Accessed
December 2017

El-Bouhy ZM, Reda RM, Mahboub HH, Gomaa FN (2021) Biore-
mediation effect of pomegranate peel on subchronic mercury
immunotoxicity on African catfish (Clarias gariepinus). Envi-
ron Sci Pollut Res 28:2219-2235. https://doi.org/10.1007/
s11356-020-10599-1

El-Kassas S, Aljahdali N, Abdo SE, Alaryani FS, Moustafa EM,
Mohamed R, Abosheashaa W, Abdulraouf E, Helal MA, Shafi
ME, El-Saadony MT, El-Naggar K, Conte-Junior CA (2022)
Moringa oleifera leat powder dietary inclusion differentially
modulates the antioxidant, inflammatory, and Histopathologi-
cal Responses of Normal and Aeromonas hydrophila-infected

@ Springer


https://doi.org/10.1016/j.fsi.2022.07.007
https://doi.org/10.1016/j.biopha.2017.12.040
https://doi.org/10.1016/j.aquatox.2020.105702
https://doi.org/10.1016/j.aquatox.2020.105702
https://doi.org/10.3390/ani10040626
https://doi.org/10.1016/j.cbpc.2020.108934
https://doi.org/10.1016/j.sjbs.2019.11.005
https://doi.org/10.1016/j.sjbs.2019.11.005
https://doi.org/10.3844/ajabssp.2011.62.68
https://doi.org/10.3844/ajabssp.2011.62.68
https://doi.org/10.1093/clinchem/20.4.470
https://doi.org/10.1093/jaoac/86.2.412
https://doi.org/10.1038/2021330a0
https://doi.org/10.5897/AJMR2016.7986
https://doi.org/10.3390/ph13080196
https://doi.org/10.1016/j.sajb.2019.07.049
https://doi.org/10.1016/j.sajb.2019.07.049
https://doi.org/10.1002/ptr.7415
https://doi.org/10.1093/clinchem/19.5.476
https://doi.org/10.1093/clinchem/19.5.476
https://doi.org/10.1016/j.tiv.2011.10.007
https://doi.org/10.1016/j.fct.2010.01.003
https://doi.org/10.1016/j.fct.2010.01.003
https://doi.org/10.1155/2022/4688312
https://doi.org/10.1051/alr/2011130
https://doi.org/10.5772/17430.6
https://doi.org/10.1016/S0269-7491(99)00263-8
https://doi.org/10.1016/S0269-7491(99)00263-8
https://doi.org/10.1016/j.chemosphere.2022.136941
https://doi.org/10.1016/j.chemosphere.2022.136941
https://doi.org/10.1016/0009-8981(71)90365-2
https://doi.org/10.1016/0009-8981(71)90365-2
https://ec.europa.eu/food/sites
https://doi.org/10.1007/s11356-020-10599-1
https://doi.org/10.1007/s11356-020-10599-1

58584

Environmental Science and Pollution Research (2023) 30:58569-58587

mono-sex nile tilapia (Oreochromis niloticus). Front Vet Sci
9:918933. https://doi.org/10.3389/fvets.2022.918933

El-Kholy K, Barakat SA, Morsy W, Abdel-Maboud K, Seif-Elnaser M,
Ghazal MN (2018) Effect of aqueous extract of Moringa oleifera
leaves on some production performance and microbial ecology
of the gastrointestinal tract in growing rabbits. Pak J Nutr 17:1-7

El-Said MM (2007) Evaluation of abamectin toxicity on some bio-
chemical constituent and osmoregulation in freshwater fish
Oreochromis niloticus (Tilapia niloticus). J Egypt Soc Toxicol
37:1-10

El-Seadawy IE, Kotp MS, El-Maaty AMA, Fadl AM, El-Sherbiny HR,
Abdelnaby EA (2022) The impact of varying doses of moringa
leaf methanolic extract supplementation in the cryopreserva-
tion media on sperm quality, oxidants, and antioxidant capacity
of frozen-thawed ram sperm. Trop Anim Health Prod 54:344.
https://doi.org/10.1007/s11250-022-03344-y

El-Shenawy NS (2010) Effects of insecticides fenitrothion, endosulfan
and abamectin on antioxidant parameters of isolated rat hepato-
cytes. Toxicol in Vitro 24:1148-1157. https://doi.org/10.1016/j.
tiv.2010.03.001

Ellis AE (1990) Lysozyme assays. J Techniques Fish Immunol
1:101-103

Espindola KMM, Ferreira RG, Narvaez LEM, Silva Rosario ACR,
da Silva AHM, Silva AGB, Vieira APO, Monteiro MC (2019)
Chemical and pharmacological aspects of caffeic acid and its
activity in hepatocarcinoma. Front Oncol 9:541. https://doi.org/
10.3389/fonc.2019.00541

Farag AAG, Reda RM (2021) Comparative acute exposure study of
abamectin different formulations inducing physiological and oxi-
dative stress biomarkers in Nile Tilapia, (Oreochromis niloticus).
Egypt Acad J Biolog Sci (B-Zoology) 13:223-238. https://doi.
org/10.21608/EAJBSZ.2021.220560

Farag MR, Alagawany M, Taha HSA, Ismail TA, Khalil SR, Abou-Zeid
SM (2021) Immune response and susceptibility of Nile tilapia
fish to Aeromonas hydrophila infection following the exposure
to Bifenthrin and/or supplementation with Petroselinum crispum
essential oil. Ecotoxicol Environ Saf 216:112205. https://doi.org/
10.1016/j.ecoenv.2021.112205

Farag MR, Alagawany M, Khalil SR, Abd El-Aziz RM, Zaglool AW,
Moselhy AAA, Abou-Zeid SM (2022) Effect of parsley essential
oil on digestive enzymes, intestinal morphometry, blood chem-
istry and stress-related genes in liver of Nile tilapia fish exposed
to Bifenthrin. Aquaculture 546:737322. https://doi.org/10.1016/j.
aquaculture.2021.737322

Fawcett J, Scott J (1960) The determination of urea and ammonia in
biological fluids. J Clin Pathol 13:156-159. https://doi.org/10.
1136/jcp.13.2.156

Firat O, Tutus R (2020) Comparative acute toxicity assessment of
organophosphate and avermectin insecticides on a freshwater fish
Oreochromis niloticus. Bull Environ Contam Toxicol 105:582—
587. https://doi.org/10.1007/s00128-020-02990-y

Fouad EA, Abu Elnaga ASM, Kandil MM (2019) Antibacterial efficacy
of Moringa oleifera leaf extract against pyogenic bacteria iso-
lated from a dromedary camel (Camelus dromedarius) abscess.
Vet world 12: 802—-808. https://doi.org/10.14202/vetworld.2019.
802-808

Friedwald WT (1972) Estimation of the concentration of low density
lipoprotein cholesterol in plasma without use of the preparative
ultracentrifuge. Clin Chem 18:499-502

Galal AAA, Reda RM, Abdel-Rahman Mohamed A (2018) Influences
of Chlorella vulgaris dietary supplementation on growth per-
formance, hematology, immune response and disease resistance
in Oreochromis niloticus exposed to sub-lethal concentrations
of penoxsulam herbicide. Fish Shellfish Immunol 77:445-456.
https://doi.org/10.1016/j.£51.2018.04.011

@ Springer

Ganatra T, Joshi U, Bhalodia P, Desai T, Tirgar P (2012) A panoramic
view on pharmacognostic, pharmacological, nutritional, thera-
peutic and prophylactic values of Moringa oleifera lam. Int Res
J Pharm 3:1-7

Gonzilez Canga A, Sahagin Prieto AM, José Diez Liébana M, Mar-
tinez NF, Vega MS, Vieitez JJG (2009) The pharmacokinetics
and metabolism of ivermectin in domestic animal species. Vet J
179:25-37. https://doi.org/10.1016/j.tvjl.2007.07.011

Gounden V, Bhatt H, Jialal I (2022) Renal function tests. StatPearls
Publishing, Treasure Island (FL)

Gur C, Kandemir O, Kandemir FM (2022) Investigation of the effects
of hesperidin administration on abamectin-induced testicular
toxicity in rats through oxidative stress, endoplasmic reticulum
stress, inflammation, apoptosis, autophagy, and JAK2/STAT3
pathways. Environ Toxicol 37:401-412. https://doi.org/10.1002/
t0x.23406

Habig WH, Pabst MJ, Jakoby WBIJobC, (1974) Glutathione S-trans-
ferases: the first enzymatic step in mercapturic acid formation.
J Biol Chem 249:7130-7139. https://doi.org/10.1016/S0021-
9258(19)42083-8

Hamed HS, El-Sayed YS (2019) Antioxidant activities of Moringa
oleifera leaf extract against pendimethalin-induced oxidative
stress and genotoxicity in Nile tilapia, Oreochromis niloticus
(L.). Fish Physiol Biochem 45:71-82. https://doi.org/10.1007/
$10695-018-0535-8

Havsteen BH (2002) The biochemistry and medical significance of the
flavonoids. Pharmacol Ther 96:67-202. https://doi.org/10.1016/
S0163-7258(02)00298-X

Hedayati A, Vajargah MF, Yalsuyi AM, Abarghoei S, Hajiahmadyan
M (2014) Acute toxicity test of pesticide abamectin on common
carp (Cyprinus carpio). J Coast Life Med 2:841-844. https://doi.
org/10.12980/JCLM.2.201414J44

Hegazi AG, Megeed KNA, Hassan SE, Abdelaziz MM, Toaleb NI,
Shanawany EEE, Aboelsoued D (2018) Comparative ovicidal
activity of Moringa oleifera leaf extracts on Fasciola gigantica
eggs. Vet world 11:215-220. https://doi.org/10.14202/vetworld.
2018.215-220

Hong Y, Huang Y, Yang X, Zhang J, Li L, Huang Q, Huang ZJAT
(2020a) Abamectin at environmentally-realistic concentrations
cause oxidative stress and genotoxic damage in juvenile fish
(Schizothorax prenanti). Aquat Toxicol 225:105528. https://doi.
org/10.1016/j.aquatox.2020.105528

Hong Y, Yin H, Huang Y, Huang Q, Yang XJE (2020b) Immune
response to abamectin-induced oxidative stress in Chinese mit-
ten crab Eriocheir sinensis. Ecotoxicol Environ Saf 188:109889.
https://doi.org/10.1016/j.ecoenv.2019.109889

Hsu D-Z, Hsu C-H, Huang B-M, Liu M-Y (2001) Abamectin effects on
aspartate aminotransferase and nitric oxide in rats. Toxicology
165:189-193. https://doi.org/10.1016/S0300-483X(01)00434-6

Ibrahim RE, El-Houseiny W, Behairy A, Mansour MF, Abd-Elhakim
YM (2019) Ameliorative effects of Moringa oleifera seeds and
leaves on chlorpyrifos-induced growth retardation, immune
suppression, oxidative stress, and DNA damage in Oreochromis
niloticus. Aquaculture 505:225-234. https://doi.org/10.1016/j.
aquaculture.2019.02.050

Jenci¢ V, Cerne M, Erzen NK, Kobal S, Cerkvenik-Flajs V
(2006) Abamectin effects on rainbow trout (Oncorhynchus
mykiss). Ecotoxicology 15:249-257. https://doi.org/10.1007/
$10646-006-0056-6

Karthivashan G, Kura AU, Arulselvan P, Isa NM, Fakurazi S (2016)
The modulatory effect of Moringa oleifera leaf extract on endog-
enous antioxidant systems and inflammatory markers in an aceta-
minophen-induced nephrotoxic mice model. PeerJ 4:¢2127

Kaurinovic B, Vastag D (2019) Flavonoids and Phenolic Acids as
Potential Natural Antioxidants. Antioxidants. https://doi.org/
10.5772/intechopen.83731


https://doi.org/10.3389/fvets.2022.918933
https://doi.org/10.1007/s11250-022-03344-y
https://doi.org/10.1016/j.tiv.2010.03.001
https://doi.org/10.1016/j.tiv.2010.03.001
https://doi.org/10.3389/fonc.2019.00541
https://doi.org/10.3389/fonc.2019.00541
https://doi.org/10.21608/EAJBSZ.2021.220560
https://doi.org/10.21608/EAJBSZ.2021.220560
https://doi.org/10.1016/j.ecoenv.2021.112205
https://doi.org/10.1016/j.ecoenv.2021.112205
https://doi.org/10.1016/j.aquaculture.2021.737322
https://doi.org/10.1016/j.aquaculture.2021.737322
https://doi.org/10.1136/jcp.13.2.156
https://doi.org/10.1136/jcp.13.2.156
https://doi.org/10.1007/s00128-020-02990-y
https://doi.org/10.14202/vetworld.2019.802-808
https://doi.org/10.14202/vetworld.2019.802-808
https://doi.org/10.1016/j.fsi.2018.04.011
https://doi.org/10.1016/j.tvjl.2007.07.011
https://doi.org/10.1002/tox.23406
https://doi.org/10.1002/tox.23406
https://doi.org/10.1016/S0021-9258(19)42083-8
https://doi.org/10.1016/S0021-9258(19)42083-8
https://doi.org/10.1007/s10695-018-0535-8
https://doi.org/10.1007/s10695-018-0535-8
https://doi.org/10.1016/S0163-7258(02)00298-X
https://doi.org/10.1016/S0163-7258(02)00298-X
https://doi.org/10.12980/JCLM.2.201414J44
https://doi.org/10.12980/JCLM.2.201414J44
https://doi.org/10.14202/vetworld.2018.215-220
https://doi.org/10.14202/vetworld.2018.215-220
https://doi.org/10.1016/j.aquatox.2020.105528
https://doi.org/10.1016/j.aquatox.2020.105528
https://doi.org/10.1016/j.ecoenv.2019.109889
https://doi.org/10.1016/S0300-483X(01)00434-6
https://doi.org/10.1016/j.aquaculture.2019.02.050
https://doi.org/10.1016/j.aquaculture.2019.02.050
https://doi.org/10.1007/s10646-006-0056-6
https://doi.org/10.1007/s10646-006-0056-6
https://doi.org/10.5772/intechopen.83731
https://doi.org/10.5772/intechopen.83731

Environmental Science and Pollution Research (2023) 30:58569-58587

58585

Khalil SR, Reda RM, Awad A (2017) Efficacy of Spirulina platensis
diet supplements on disease resistance and immune-related gene
expression in Cyprinus carpio L. exposed to herbicide atrazine.
Fish Shellfish Immunol 67:119-128. https://doi.org/10.1016/j.
f51.2017.05.065

Kolar L, Kozuh ErZen N, Hogerwerf L, van Gestel CAM (2008) Toxic-
ity of abamectin and doramectin to soil invertebrates. Environ
Pollut 151:182-189. https://doi.org/10.1016/j.envpol.2007.02.
011

Kulkarni S, Roper SM, Stoll JM (2021) Chapter 8 - hepatic and gas-
trointestinal disorders. In: Dietzen D, Bennett M, Wong E , Hay-
mond S (Editors), Biochemical and Molecular Basis of Pediatric
Disease (Fifth Edition). Academic Press, pp. 229-266. https://
doi.org/10.1016/B978-0-12-817962-8.00030-5

Kushwaha S, Anerao I, Rajput S, Bhagriya P, Roy H (2020) Evalua-
tion of abamectin induced hepatotoxicity in Oreochromis mos-
sambicus. Cogent Biology 6:1761277. https://doi.org/10.1080/
23312025.2020.1761277

Leone A, Spada A, Battezzati A, Schiraldi A, Aristil J, Bertoli S
(2015) Cultivation, genetic, ethnopharmacology, phytochemis-
try and pharmacology of Moringa oleifera leaves: an overview.
Int J Mol Sci 16:12791-12835. https://doi.org/10.3390/ijms1
60612791

LiJ, He D, Wang B, Zhang L, Li K, Xie Q, Zheng L (2017) Synthesis
of hydroxycinnamic acid derivatives as mitochondria-targeted
antioxidants and cytotoxic agents. Acta Pharm Sin B 7:106—
115. https://doi.org/10.1016/j.apsb.2016.05.002

Lushchak VI, Matviishyn TM, Husak VV, Storey JM, Storey KB
(2018) Pesticide toxicity: a mechanistic approach. EXCLI J
17:1101-1136. https://doi.org/10.17179/excli2018-1710

Magdy BW, Mohamed FEs, Amin AS, Rana SS (2016) Ameliorative
effect of antioxidants (vitamins C and E) against abamectin tox-
icity in liver, kidney and testis of male albino rats. J Basic Appl
Zool 77:69-82. https://doi.org/10.1016/j.jobaz.2016.10.002

Mahmoud HK, Reda FM, Alagawany M, Farag MR (2021) The stress
of abamectin toxicity reduced water quality, growth performance,
immunity and antioxidant capacity of Oreochromis niloticus fish:
modulatory role of Simmondsia chinensis extract as a dietary
supplement. Aquaculture 534:736247. https://doi.org/10.1016/].
aquaculture.2020.736247

Mahmoud HK, Farag MR, Reda FM, Alagawany M, Abdel-Latif HMR
(2022) Dietary supplementation with Moringa oleifera leaves
extract reduces the impacts of sub-lethal fipronil in Nile tilapia.
Oreochromis Niloticus Sci Rep 12:21748. https://doi.org/10.
1038/s41598-022-25611-6

Mansour AT, Mahboub HH, Amen RM, El-Beltagy MA, Ramah A,
Abdelfattah AM, El-Beltagi HS, Shalaby TA, Ghazzawy HS,
Ramadan KMJA (2022) Ameliorative effect of quercetin against
abamectin-induced hemato-biochemical alterations and hepato-
renal oxidative damage in Nile tilapia. Oreochromis Niloticus
Animals 12:3429. https://doi.org/10.3390/ani12233429

Mansour SA-K, Gamet-Payrastre L (2016) Ameliorative effect of
vitamin E to mouse dams and their pups following exposure of
mothers to chlorpyrifos during gestation and lactation periods.
Toxicol Ind Health 32:1179-1196. https://doi.org/10.1177/07482
33714548207

Marklund S, Marklund GJE (1974) Involvement of the superoxide
anion radical in the autoxidation of pyrogallol and a conveni-
ent assay for superoxide dismutase. Eur J Biochem 47:469-474

Mobeen A, Khan QM, Ishrat I, Awan FR, Mansoor S (2022) Tox-
icity assessment of emamectin benzoate and its commercially
available formulations in Pakistan by in vivo and in vitro assays.
Food Chem Toxicol 165:113139. https://doi.org/10.1016/j.fct.
2022.113139

Mounes HAM, Gamila AMK, Helmy RMA, Al-Zahaby MA (2020)
Ameliorative effects of Spirulina platensis and Ulva sp. on

biochemical aspects and residues of lambda-cyhalothrin in the
water of Nile tilapia (Oreochromis niloticus). Egypt Acad J
Biolog Sci (B-Zoology) 12:215-226 https://doi.org/10.21608/
eajbsz.2020.140649

Moyo B, Oyedemi S, Masika PJ, Muchenje V (2012) Polyphenolic con-
tent and antioxidant properties of Moringa oleifera leaf extracts
and enzymatic activity of liver from goats supplemented with
Moringa oleifera leaves/sunflower seed cake. Meat Sci 91:441—
447. https://doi.org/10.1016/j.meatsci.2012.02.029

Muangnoi C, Chingsuwanrote P, Praengamthanachoti P, Svasti S, Tun-
tipopipat S (2012) Moringa oleifera pod inhibits inflammatory
mediator production by lipopolysaccharide-stimulated RAW
264.7 Murine Macrophage Cell Lines. Inflammation 35:445-
455. https://doi.org/10.1007/s10753-011-9334-4

Mukherjee D, Guha D, Kumar V, Chakrabarty S (1991) Impairment
of steroidogenesis and reproduction in sexually mature Cyprinus
carpio by phenol sulfide under laboratory conditions. Aquat Tox-
icol 21:29-39. https://doi.org/10.1016/0166-445X(91)90004-S

Nakata H, Nakayama SMM, Kataba A, Toyomaki H, Doya R, Bey-
ene Yohannes Y, Ikenaka Y, Ishizuka M (2022) Does Moringa
Oleifera affect element accumulation patterns and lead toxicity
in Sprague-Dawley rats? J Funct Foods 97:105242. https://doi.
org/10.1016/j.j{£.2022.105242

Nasr HM, El-Demerdash FM, El-Nagar WA (2016) Neuro and renal
toxicity induced by chlorpyrifos and abamectin in rats. Envi-
ron Sci Pollut Res 23:1852-1859. https://doi.org/10.1007/
s11356-015-5448-9

Norhan NA-S, Zakariah MI, Karim NU, Daud HM, Melad AAN,
Yusoff NAH, Hassan M (2022) Paraquat-induced histopatho-
logical changes on the gills, kidney and liver tissues of Anabas
testudineus (bloch 1792). J Sustain Sci Manag 17:165-174

Novelli A, Vieira BH, Cordeiro D, Cappelini LTD, Vieira EM, Espin-
dola ELG (2012) Lethal effects of abamectin on the aquatic
organisms Daphnia similis, Chironomus xanthus and Danio
rerio. Chemosphere 86:36—40. https://doi.org/10.1016/j.chemo
sphere.2011.08.047

Novelli A, Vieira BH, Braun AS, Mendes LB, Daam MA, Espindola
ELG (2016) Impact of runoft water from an experimental agri-
cultural field applied with Vertimec® 18EC (abamectin) on the
survival, growth and gill morphology of zebrafish juveniles.
Chemosphere 144:1408-1414. https://doi.org/10.1016/j.chemo
sphere.2015.10.004

NRC (2011) National Research Council. Academy Press, DC, USA,
Nutrient requirements of fish and shrimp. National

OECD (1992) “Organization for Economic Cooperation and Develop-
ment” Fish, prolonged toxicity test: 14 day study. Guideline 204.
Paris, France. https://doi.org/10.1787/9789264069985-en

Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem
95:351-358. https://doi.org/10.1016/0003-2697(79)90738-3

Omar AE, Al-Khalaifah HS, Mohamed WAM, Gharib HSA, Osman
A, Al-Gabri NA, Amer SA (2020) Effects of phenolic-rich onion
(Allium cepa L.) extract on the growth performance, behavior,
intestinal histology, amino acid digestibility, antioxidant activ-
ity, and the immune status of broiler chickens. Front Vet Sci 7.
https://doi.org/10.3389/fvets.2020.582612

Ordofiez AAL, Gomez JD, Vattuone MA, Isla MI (2006) Antioxidant
activities of Sechium edule (Jacq.) Swartz extracts. Food Chem
97:452-458. https://doi.org/10.1016/j.foodchem.2005.05.024

Osman A, Elsobki AEAM (2019) Insecticidal activity and chemical
composition of Moringa oleifera extract against the leguminous
aphid, Aphis craccivora Koch on broad bean plants. J Plant Prot
Pathol 10:567-571. https://doi.org/10.21608/jppp.2019.77958

@verli @, Pottinger TG, Carrick TR, @verli E, Winberg S (2001) Brain
monoaminergic activity in rainbow trout selected for high and

@ Springer


https://doi.org/10.1016/j.fsi.2017.05.065
https://doi.org/10.1016/j.fsi.2017.05.065
https://doi.org/10.1016/j.envpol.2007.02.011
https://doi.org/10.1016/j.envpol.2007.02.011
https://doi.org/10.1016/B978-0-12-817962-8.00030-5
https://doi.org/10.1016/B978-0-12-817962-8.00030-5
https://doi.org/10.1080/23312025.2020.1761277
https://doi.org/10.1080/23312025.2020.1761277
https://doi.org/10.3390/ijms160612791
https://doi.org/10.3390/ijms160612791
https://doi.org/10.1016/j.apsb.2016.05.002
https://doi.org/10.17179/excli2018-1710
https://doi.org/10.1016/j.jobaz.2016.10.002
https://doi.org/10.1016/j.aquaculture.2020.736247
https://doi.org/10.1016/j.aquaculture.2020.736247
https://doi.org/10.1038/s41598-022-25611-6
https://doi.org/10.1038/s41598-022-25611-6
https://doi.org/10.3390/ani12233429
https://doi.org/10.1177/0748233714548207
https://doi.org/10.1177/0748233714548207
https://doi.org/10.1016/j.fct.2022.113139
https://doi.org/10.1016/j.fct.2022.113139
https://doi.org/10.21608/eajbsz.2020.140649
https://doi.org/10.21608/eajbsz.2020.140649
https://doi.org/10.1016/j.meatsci.2012.02.029
https://doi.org/10.1007/s10753-011-9334-4
https://doi.org/10.1016/0166-445X(91)90004-S
https://doi.org/10.1016/j.jff.2022.105242
https://doi.org/10.1016/j.jff.2022.105242
https://doi.org/10.1007/s11356-015-5448-9
https://doi.org/10.1007/s11356-015-5448-9
https://doi.org/10.1016/j.chemosphere.2011.08.047
https://doi.org/10.1016/j.chemosphere.2011.08.047
https://doi.org/10.1016/j.chemosphere.2015.10.004
https://doi.org/10.1016/j.chemosphere.2015.10.004
https://doi.org/10.1787/9789264069985-en
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.3389/fvets.2020.582612
https://doi.org/10.1016/j.foodchem.2005.05.024
https://doi.org/10.21608/jppp.2019.77958

58586

Environmental Science and Pollution Research (2023) 30:58569-58587

low stress responsiveness. Brain Behav Evol 57:214-224. https://
doi.org/10.1159/000047238

Oyedara OO, Agbedahunsi JM, Adeyemi FM, Juédrez-Saldivar A,
Fadare OA, Adetunji CO, Rivera G (2021) Computational
screening of phytochemicals from three medicinal plants as
inhibitors of transmembrane protease serine 2 implicated in
SARS-CoV-2 infection. Phytomedicine Plus 1:100135. https://
doi.org/10.1016/j.phyplu.2021.100135

Oyedepo T, Babarinde S, Ajayeoba T (2013) Evaluation of anti-hyper-
lipidemic effect of aqueous leaves extract of Moringa oleifera
in alloxan induced diabetic rats. Int J Biochem Res Rev 3:162

Paraiba LC, Castro VLSSd, Maia AdHN (2009) Insecticide distribu-
tion model in human tissues viewing worker’s health monitoring
programs. Braz Arch Biol Technol 52:875-881. https://doi.org/
10.1590/S1516-89132009000400011

Pari L, Karthikesan K (2007) Protective role of caffeic acid against
alcohol-induced biochemical changes in rats. Fundam Clin
Pharmacol 21:355-361. https://doi.org/10.1111/j.1472-8206.
2007.00505.x

Patriche T, Patriche N, Bocioc E, Coada MT (2011) Serum biochemi-
cal parameters of farmed carp (Cyprinus carpio). Aquac Aquar
Conserv Legis 4:137-140

Qiang J, He J, Yang H, Wang H, Kpundeh MD, Xu P, Zhu ZX (2014)
Temperature modulates hepatic carbohydrate metabolic enzyme
activity and gene expression in juvenile GIFT tilapia (Oreo-
chromis niloticus) fed a carbohydrate-enriched diet. J Therm
Biol 40:25-31. https://doi.org/10.1016/j.jtherbio.2013.12.003

Radwan MA, Gad AF (2022) Insights into the ecotoxicological per-
turbations induced by the biocide abamectin in the white snail,
Theba pisana. J Environ Sci Health B 57:201-210 https://doi.
org/10.1080/03601234.2022.2044708

Rani R, Sharma P, Kumar R, Hajam YA (2022) Chapter 3 - effects
of heavy metals and pesticides on fish. In: Dar GH, Bhat RA,
Qadri H, Al-Ghamdy KM , Hakeem KR (Editors), Bacterial Fish
Diseases. Academic Press, pp. 59-86. https://doi.org/10.1016/
B978-0-323-85624-9.00016-6

Reda RM, Selim KM (2015) Evaluation of Bacillus amylolique-
faciens on the growth performance, intestinal morphology,
hematology and body composition of Nile tilapia, Oreochromis
niloticus. Aquac Int 23:203-217. https://doi.org/10.1007/
$10499-014-9809-z

Reda RM, Mahmoud R, Selim KM, El-Araby IE (2016) Effects of
dietary acidifiers on growth, hematology, immune response and
disease resistance of Nile tilapia, Oreochromis niloticus. Fish
Shellfish Immunol 50:255-262. https://doi.org/10.1016/j.fsi.
2016.01.040

Reitman S, Frankel S (1957) A colorimetric method for the determina-
tion of serum glutamic oxalacetic and glutamic pyruvic transami-
nases. Am J Clin Pathol 28:56—63. https://doi.org/10.1093/ajcp/
28.1.56

Rezende FP, Pascoal LM, Vianna RA, Lanna EATJRC (2017) Seda-
tion of Nile tilapia with essential oils: tea tree, clove, eucalyptus,
and mint oils. Rev Caatinga 30:479-486. https://doi.org/10.1590/
1983-21252017v30n223rc

Rohmah MK, Salahdin OD, Gupta R, Muzammil K, Qasim MT, Al-
qaim ZH, Abbas NF, Jawad MA, Yasin G, Mustafa YF, Heidary
A, Abarghouei S (2022) Modulatory role of dietary curcumin and
resveratrol on growth performance, serum immunity responses,
mucus enzymes activity, antioxidant capacity and serum and
mucus biochemicals in the common carp, Cyprinus carpio
exposed to abamectin. Fish Shellfish Immunol 129:221-230.
https://doi.org/10.1016/j.£51.2022.08.042

Roy AV (1970) Rapid method for determining alkaline phosphatase
activity in serum with thymolphthalein monophosphate. Clin
Chem 16:431-436. https://doi.org/10.1093/clinchem/16.5.431

@ Springer

Salehi B, Fokou PVT, Sharifi-Rad M, Zucca P, Pezzani R, Martins N,
Sharifi-Rad J (2019) The therapeutic potential of naringenin: a
review of clinical trials. Pharmaceuticals (Basel, Switzerland)
12(1):11. https://doi.org/10.3390/ph12010011

Salman M, Abbas RZ, Mehmood K, Hussain R, Shah S, Faheem M,
Zaheer T, Abbas A, Morales B, Aneva I, Martinez JL (2022)
Assessment of avermectins-induced toxicity in animals. Pharma-
ceuticals 15:332. https://doi.org/10.3390/ph15030332

Sankhalkar S, Vernekar V (2016) Quantitative and qualitative analysis
of phenolic and flavonoid content in Moringa oleifera Lam and
Ocimum tenuiflorum L. Pharmacogn Res 8:16-21. https://doi.
org/10.4103/0974-8490.171095

Santos KPEd, Ferreira Silva I, Mano-Sousa BJ, Duarte-Almeida JM,
Castro WVd, Azambuja Ribeiro RIMd, Santos HB, Thomé RG
(2023) Abamectin promotes behavior changes and liver injury in
zebrafish. Chemosphere 311:136941. https://doi.org/10.1016/].
chemosphere.2022.136941

Selim KM, Reda RM (2015) Beta-glucans and mannan oligosac-
charides enhance growth and immunity in Nile tilapia. N Am J
Aquac 77:22-30. https://doi.org/10.1080/15222055.2014.951812

Selvakumar F, Natarajan P (2008) Hepato-protective activity of Mor-
inga oleifera Lam leaves in carbon tetrachloride induced hepato-
toxicity in albino rats. Pharmacogn Mag 4:97-98

Sharma V, Paliwal R (2012) Chemo protective role of Moringa oleifera
and its isolated saponin against DMBA induced tissue damage
in male mice: a histopathological analysis. Int J] Drug Dev Res
4:215-228

Siest G, Hennny J, Schiele F, Young D (1985) Kinetic determination of
creatinine. Interpretation of Clin Lab Tests: 220-234

Singh HS, Reddy TV (1990) Effect of copper sulfate on hematology,
blood chemistry, and hepato-somatic index of an Indian catfish,
Heteropneustes fossilis (Bloch), and its recovery. Ecotoxicol
Environ Saf 20:30-35. https://doi.org/10.1016/0147-6513(90)
90043-5

Singleton VL, Orthofer R, Lamuela-Raventés RM (1999) [14] Analysis
of total phenols and other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent, Methods in Enzymology.
Academic Press, pp. 152—178. https://doi.org/10.1016/S0076-
6879(99)99017-1

Soror EI, El Asely AM, Abdel Gawad EA, Radwan HA, Abbass AA
(2021) Recuperative effects of honey bee pollen, ginger (Zingiber
officinale), and Moringa oleifera in Nile tilapia (Oreochromis
niloticus L) after sub-lethal exposure to dimethoate. Aquaculture
530:735886. https://doi.org/10.1016/j.aquaculture.2020.735886

Soumaoro I, Pitala W, Gnandi K, Kokou T (2021) Health risk assess-
ment of heavy metal accumulation in broiler chickens and heavy
metal removal in drinking water using Moringa oleifera seeds in
Lomé, Togo. J Health Pollut 11. https://doi.org/10.5696/2156-
9614-11.31.210911

Sreelatha S, Padma PR (2009) Antioxidant activity and total phe-
nolic content of Moringa oleifera leaves in two stages of matu-
rity. Plant Foods Hum Nutr 64:303. https://doi.org/10.1007/
s11130-009-0141-0

Standen BT, Peggs DL, Rawling MD, Foey A, Davies SJ, Santos GA,
Merrifield DL (2016) Dietary administration of a commercial
mixed-species probiotic improves growth performance and mod-
ulates the intestinal immunity of tilapia, Oreochromis niloticus.
Fish Shellfish Immunol 49:427-435. https://doi.org/10.1016/j.
fs1.2015.11.037

Thiripurasundar M, Sathya K, Uma A, Srinivasan M, Rajasekar P
(2014) A comparative study on the toxicity of ivermectin in zebra
fish and catla fish models. Indo Am J Pharm Res 4:3683-3688

Toppo R, Roy BK, Gora RH, Baxla SL, Kumar P (2015) Hepatopro-
tective activity of Moringa oleifera against cadmium toxicity
in rats. Vet world 8:537-540. https://doi.org/10.14202/vetworld.
2015.537-540


https://doi.org/10.1159/000047238
https://doi.org/10.1159/000047238
https://doi.org/10.1016/j.phyplu.2021.100135
https://doi.org/10.1016/j.phyplu.2021.100135
https://doi.org/10.1590/S1516-89132009000400011
https://doi.org/10.1590/S1516-89132009000400011
https://doi.org/10.1111/j.1472-8206.2007.00505.x
https://doi.org/10.1111/j.1472-8206.2007.00505.x
https://doi.org/10.1016/j.jtherbio.2013.12.003
https://doi.org/10.1080/03601234.2022.2044708
https://doi.org/10.1080/03601234.2022.2044708
https://doi.org/10.1016/B978-0-323-85624-9.00016-6
https://doi.org/10.1016/B978-0-323-85624-9.00016-6
https://doi.org/10.1007/s10499-014-9809-z
https://doi.org/10.1007/s10499-014-9809-z
https://doi.org/10.1016/j.fsi.2016.01.040
https://doi.org/10.1016/j.fsi.2016.01.040
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1590/1983-21252017v30n223rc
https://doi.org/10.1590/1983-21252017v30n223rc
https://doi.org/10.1016/j.fsi.2022.08.042
https://doi.org/10.1093/clinchem/16.5.431
https://doi.org/10.3390/ph12010011
https://doi.org/10.3390/ph15030332
https://doi.org/10.4103/0974-8490.171095
https://doi.org/10.4103/0974-8490.171095
https://doi.org/10.1016/j.chemosphere.2022.136941
https://doi.org/10.1016/j.chemosphere.2022.136941
https://doi.org/10.1080/15222055.2014.951812
https://doi.org/10.1016/0147-6513(90)90043-5
https://doi.org/10.1016/0147-6513(90)90043-5
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.aquaculture.2020.735886
https://doi.org/10.5696/2156-9614-11.31.210911
https://doi.org/10.5696/2156-9614-11.31.210911
https://doi.org/10.1007/s11130-009-0141-0
https://doi.org/10.1007/s11130-009-0141-0
https://doi.org/10.1016/j.fsi.2015.11.037
https://doi.org/10.1016/j.fsi.2015.11.037
https://doi.org/10.14202/vetworld.2015.537-540
https://doi.org/10.14202/vetworld.2015.537-540

Environmental Science and Pollution Research (2023) 30:58569-58587

58587

Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A
(2018) Flavonoids and other phenolic compounds from medici-
nal plants for pharmaceutical and medical aspects: an overview.
Medicines 5:93. https://doi.org/10.3390/medicines5030093

Vaglio A, Landriscina C (1999) Changes in liver enzyme activity in
the teleost Sparus aurata in response to cadmium intoxication.
Ecotoxicol Environ Saf 43:111-116. https://doi.org/10.1006/
eesa.1999.1778

Vajargah MF, Mohsenpour R, Yalsuyi AM, Galangash MM, Faggio
C (2021) Evaluation of histopathological effect of roach (Ruti-
lus rutilus caspicus) in exposure to sub-lethal concentrations of
abamectin. Water Air Soil Pollut 232:188. https://doi.org/10.
1007/s11270-021-05128-w

van der Oost R, Beyer J, Vermeulen NPE (2003) Fish bioaccumula-
tion and biomarkers in environmental risk assessment: a review.
Environ Toxicol Pharmacol 13:57-149. https://doi.org/10.1016/
S1382-6689(02)00126-6

Walmsley RN, White GH (1994) A guide to diagnostic clinical chem-
istry, 3rd edn. Blackwell Science. Retrieved March 27 2023 from
http://www.tandfonline.com/toc/rwhi20/

Wang F, Chen J, Cheng H, Tang Z, Zhang G, Niu Z, Pang S, Wang X,
Lee FS-C (2011) Multi-residue method for the confirmation of
four avermectin residues in food products of animal origin by
ultra-performance liquid chromatography—tandem mass spec-
trometry. Food Addit Contam Part A 28:627-639 https://doi.
org/10.1080/19440049.2011.563367

Xiong Y, Riaz Rajoka MS, Zhang M, He Z (2022) Isolation and iden-
tification of two new compounds from the seeds of Moringa

oleifera and their antiviral and anti-inflammatory activities. Nat
Prod Res 36:974-983. https://doi.org/10.1080/14786419.2020.
1851218

Yilmaz S, Ergiin S (2018) Trans-cinnamic acid application for rainbow
trout (Oncorhynchus mykiss): 1. Effects on haematological, serum
biochemical, non-specific immune and head kidney gene expres-
sion responses. Fish Shellfish Immunol 78:140-157. https://doi.
org/10.1016/1.£51.2018.04.034

Yoon YJ, Kim ES, Hwang YS, Choi CY (2004) Avermectin: biochemi-
cal and molecular basis of its biosynthesis and regulation. Appl
Microbiol Biotechnol 63:626—634. https://doi.org/10.1007/
$00253-003-1491-4

Yuan JS, Reed A, Chen F, Stewart CN (2006) Statistical analysis of
real-time PCR data. BMC Bioinformatics 7:85. https://doi.org/
10.1186/1471-2105-7-85

Zhao X, Wang J, Deng Y, Liao L, Zhou M, Peng C, Li Y (2021)
Quercetin as a protective agent for liver diseases: a comprehen-
sive descriptive review of the molecular mechanism. Phytother
Res 35:4727—-4747. https://doi.org/10.1002/ptr. 7104

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3390/medicines5030093
https://doi.org/10.1006/eesa.1999.1778
https://doi.org/10.1006/eesa.1999.1778
https://doi.org/10.1007/s11270-021-05128-w
https://doi.org/10.1007/s11270-021-05128-w
https://doi.org/10.1016/S1382-6689(02)00126-6
https://doi.org/10.1016/S1382-6689(02)00126-6
http://www.tandfonline.com/toc/rwhi20/
https://doi.org/10.1080/19440049.2011.563367
https://doi.org/10.1080/19440049.2011.563367
https://doi.org/10.1080/14786419.2020.1851218
https://doi.org/10.1080/14786419.2020.1851218
https://doi.org/10.1016/j.fsi.2018.04.034
https://doi.org/10.1016/j.fsi.2018.04.034
https://doi.org/10.1007/s00253-003-1491-4
https://doi.org/10.1007/s00253-003-1491-4
https://doi.org/10.1186/1471-2105-7-85
https://doi.org/10.1186/1471-2105-7-85
https://doi.org/10.1002/ptr.7104

	The potential effect of Moringa oleifera ethanolic leaf extract against oxidative stress, immune response disruption induced by abamectin exposure in Oreochromis niloticus
	Abstract
	Introduction
	Materials and methods
	Moringa leaf ethanolic extract (MOE) preparation and characterization
	Pesticide
	Diet preparation and experimental design
	Biochemical analysis in serum
	Evaluation of immunological parameters
	Oxidative stress and antioxidant enzyme assays
	Analysis of TGF-β, TNF-α, IL-1β, and IL-10β mRNA gene expression
	Residue analysis in tissues
	Statistical analysis

	Results
	Characterization of MOE
	Clinical symptoms and post-mortem findings
	Biochemical parameters
	Immunological parameters
	Antioxidant capacity
	Relative expression of immune-related genes
	Residue levels of fish tissue

	Discussion
	Conclusion
	References


