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Abstract Currently, deacetylated chitin (chitosan)
nanoparticles (CNPs) are successfully utilized in
aquaculture practices. This trial demonstrates the effi-
cacy of CNPs in combating diazinon (DZN) toxicity
in African catfish, Clarias gariepinus, via monitoring
hepato-renal function, serum immune trait, hormonal
function, and hepato-renal antioxidant activity. Four
groups were allocated as follows: a control group, a
CNPs group (0.66 ml/L CNPs), a DZN exposed group
(0.598 ppm, 1/10 LC50), and a DZN + CNPs group
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(0.598 ppm DZN +0.66 ml/L CNPs), all for 30 days.
Exposure to 0.598 PPm DZN resulted in a severe
decline in the immune parameters (albumin, globu-
lin, immunoglobulins (IgG, IgM), and total proteins),
neurological indicator, acetylcholinesterase (AchE),
reproductive hormones (Testosterone (T.) and Lute-
inizing Hormone (LH)), and the superoxide dis-
mutase (SOD) and total antioxidant capacity (TAC)
readings in both hepatic and renal samples. Moreo-
ver, a clear increment in hepatic and renal indicators
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(AST, ALT, urea, and creatinine), lipid peroxida-
tion (LPO), and some reproductive indices including
follicle stimulating hormone (FSH) and serum 17-f
estradiol (E2) was clearly increased. Interestingly,
the dietary inclusion of CNPs markedly palliated the
toxicity by DZN with significant improvement in the
immune-reproductive indices, plus normalizing the
values of hepato-renal function and augmenting the
activity of antioxidant parameters. Thus, the present
study demonstrates the efficacy of CNPs in mitigat-
ing low-dose DZN toxicity, resulting in significant
improvements in physiological, biochemical, and
reproductive parameters. This highlights the promis-
ing potential of CNPs as a viable strategy for enhanc-
ing the health of C. gariepinus, thereby promoting the
sustainability of the aquaculture industry and safe-
guarding human health.

Keywords Chitosan nanoparticles - Diazinon
toxicity - Male Clarias gariepinus - Immune-
biochemical - Reproductive hormones

Introduction

Aquatic animals are exposed to pesticide pollution that
could get absorbed primarily via the gills and consti-
tutes a health hazard when the polluted fish enters the
human food chain (Vali et al. 2022). Diazinon (DZN)
is one of the organophosphate pesticides that can reach
aquatic ecosystems through unintentional spills, drifts,
leakage, overspills, and agricultural applications (Stara
et al. 2020). It has an appraised mild to high toxicity to
freshwater, brackish, and saltwater fishes (Flynn et al.
2020). Harmful effects include various critical hazards
and devastating mortalities to non-target species and
aquaculture ecosystem in correlation with the uprising
of pesticides usage in direct or indirect ways (Soliman
et al. 2023; Vali et al. 2022).

Diazinon is a toxic insecticide that procures its toxic
effect through its capability to hinder the nervous sys-
tems of fish via affecting acetylcholinesterase (AChE)
activity, and thus, disturbs the hormone release (Majhi
et al. 2023). Diazinon in aquatic animals also impairs
muscle control reducing physical strength, and causing
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spine deformities in larvae and juveniles (Sayed et al.
2023).

African Catfish (Clarias gariepinus) could bio-
indicate the occurrence of toxicity (Soliman et al.
2019). That is because, its particular eating habits,
exposure to various pollutants, and living habitat in
sediment aggravate bio-accumulation process (Khalil
et al. 2017).

Assessment of various immune response and stress
bio-indicators (hematological, biochemical, and phys-
iological) in response to nanoparticles (NPs) may
deliver a precise view of the health status, indicating
their overall performance (Abdel Rahman et al. 2022;
Kakakhel et al. 2022; Mahboub et al. 2024). Chitosan
NPs are cationic biopolymers that are reported to be
active and nontoxic (El-Naggar et al. 2021). They
are reported to boost growth performance, enhance
immune-antioxidant traits, and defeat microbial
infection in farmed fish (Abdel-Tawwab et al. 2019;
Yu et al. 2023). It has been reported that CNPs are
efficient in the removal of trace metals and chitosan
nanogel has a verified role against heavy metal tox-
icity (Seyedmohammadi et al. 2016). Chitosan nano-
particles have the ability to enhance drug permeabil-
ity, thus improving active pharmaceutical ingredients
and favoring the entrance of chitosan nanoparticles in
many applications. In addition, they own antioxidant
activity through scavenging free radicals (Elabd et al.
2023; Zoe et al. 2023).

Here in, the objective of the present experimen-
tal trial is to assess various biomarkers (immune-
biochemical, reproductive trait, and antioxidant
enzymes) to investigate the detrimental effects of
DZN exposure on African catfish with emphasis on
the ameliorating effect of chitosan nanoparticles
(CNPs) dietary incorporation.

Material and methods
Chemicals

Diazinon (DZN) was procured in the form of trans-
parent-brownish liquid (Ciba — Geigycorp, Greens-
boro, NC27419-8300). Kits for evaluating the bio-
chemical indicators (alanine aminotransferase (ALT),
aspartate aminotransferase (AST), cortisol, albumin,
total protein, superoxide dismutase (SOD), catalase
(CAT), reduced glutathione (GSH), lipid peroxidation
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(LPO), and total antioxidant capacity (TAC) were
procured from the Egyptian Bio-Diagnostic company
(Cairo, Egypt). In addition, kits for Ach E, Testoster-
one, Estradiol, FSH, and LH were acquired from the
Egyptian Gamma Trade company (Cairo, Egypt).

Chitosan nanoparticles (CSNPs) preparation

Chitosan with low-molecular weight and 93% dea-
cetylation was dissolved in 1 L acetic acid distilled
water and left for 30 min on a magnetic stirrer. Fol-
lowed by an addition of about 200 ml sodium trip-
olyphosphate at room temperature in drop by drop
manner, then magnetic stirring to the chitosan solu-
tion was performed for 45 min to acquire the chitosan
nanoparticles. The CSNPs can be kept at 2-8 °C
until additional analysis, following Zx et al. (2007).
The 0.66 ml/L. CNPs dose was selected according to
Hamed et al. (2021).

Fish acclimation

A total of 350 healthy male catfish, C. gariepinus
(300+5 g average weights, 42 +5 cm average length)
were used in this study. Fish were transported from
Abbassa Farm, Sharqia Government in large plas-
tic containers supplied with battery aerators as an
oxygen source. In the laboratory, fish were acclima-
tized in the 80 L glass aquaria for 2 weeks before
the experiments. Fish received daily a commercial
diet at a rate of 3% body weight, water temperature
was 26 °C+1 °C, pH was 7.2+0.2, dissolved oxy-
gen recorded 6.4+0.3 mg/L, alkalinity monitored
121 mg/L, and hardness was 151 mg/L calcium
carbonate.

Experimental layout

The DZN half-lethal concentration (LC50) was
selected according to Bakhshwan et al. (2009) as
5.98 ppm, and 1/10 LC50 of (DZN) was chosen for
this study. Semi-static system was used in this experi-
ment, at which the test solution was renewed after
every 48 h. For the sublethal exposure, after 2 weeks
of acclimation, four fish groups (each in triplicates)
were allocated as: control (group I), group treated
with 0.66 ml/L CSNPs (group II), group exposed
to 0.598 PPm (1/10 LC50 of DZN) (group III), and

group exposed to 0.598 PPm DZN+0.66 ml/L
CSNPs (group IV) for 30 days.

Blood sampling

After 30-day exposure time, six fish from each group
were anaesthetized with benzocaine (0.02%). Blood
was obtained from the fish caudal vessels, left to clot
at room temperature, then centrifuged for 15 min at
5000 % g and 4 °C to obtain sera for the assessment of
the biochemical parameters.

Investigation of biochemical parameters

The activities of serum aspartate aminotransferase
(AST, catalog No.; EK12276, Biotrend Co., Mary-
land, USA) and alanine aminotransferase (ALT, cata-
log No.; MBS038444, MyBioSource Co., California,
USA) in serum were detected following Reitman
and Frankel (1957). Cortisol was assayed follow-
ing active® cortisol RIA kit; serum albumin (Cata-
log No.; MAK125) and total protein (Catalog No.;
MBS9917835) were estimated following the proto-
cols reported by Palladino et al. (2019) and Doumas
et al. (1971). Globulin level in serum was estimated
by deducting the level of albumin from the total
value of protein in the same sample. The brain Ach
E activity (Catalog No.; MAK119; Sigma-Aldrich)
was determined spectrophotometrically following the
protocol of Knedel and Bottger (1967). All estimated
biomarkers were performed using a spectrophotom-
eter (Lambda EZ201; Perkin Elm, Beaconsfield, UK).

Reproductive hormones examination

The levels of LH and FSH in serum samples were ELISA
measured following the protocols of (Jt and P 1998).
Serum levels of both and17-f Estradiol E2 and testoster-
one T were ELISA measured based on (Bell 1995).

Immune response parameters

Nitroblue tetrazolium dye was used to evaluate the
whole blood sample respiratory burst (RB) activ-
ity following Abdel-Tawwab et al. (2018) and Solem
et al. (1995). Polyethylene glycol precipitation was
used to measure total immunoglobulin (IgM) through
subtraction of initial and final total protein following
procedures of Anderson et al. (1995).
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Estimation of antioxidant and lipid peroxidation
activities

Hepatic and renal tissue samples were homogenized
in cold (0.1 M pH 7.4) phosphate buffer using a Tef-
lon homogenizer. After filtration (1600 rpm, 4 °C, and
10 min), centrifugation was performed to the homoge-
nate; resulting supernatant was stored at—20 °C. The
level of superoxide dismutase (SOD) was estimated
according to the method illustrated by Nishikimi et al.
(1972). The reduced glutathione (GSH) levels were
detected using the method of Aebi (1984). LPO lev-
els were monitored following Mihara and Uchiyama
(1978). Total antioxidant capacity (TAC) was estimated
according to the method of Solem et al. (1995). Cata-
lase (CAT) level was measured following Aebi (1984).

Statistical analyses

Analysis of variance, one-way “ANOVA” (version 20;
SPSS, Richmond, VA, USA), and Duncan’s multiple
range tests were used to statistically analyze obtained
data with two factors of the effects of CPF toxicity and
the dietary PE. Means differences were estimated at a
probability level of 5% following Liu (2015).

Results
Biochemical assays

Liver enzymes (AST and ALT) and cortisol levels
were significantly (P <0.05) increased after expo-
sure to 1/10 LCs, diazinon, and 0.66 ml/LL CNPs
effectively ameliorated this elevation (Table 1). Kid-
ney biomarker enzymes (urea and creatinine) were
also significantly (P <0.05) elevated after 1/10 LCs,
diazinon exposure, and a significant (P <0.05) reduc-
tion was recoded in response to chitosan nanoparti-
cles (CNPs) (0.66 ml/L) incorporation (Table 1).
However, levels of AchE were markedly decreased
after exposure to 1/10 LCs, diazinon, and CNPs
incorporated diet significantly (P<0.05) amelio-
rated this affect by increasing AchE and returning to
the control level before toxicity exposure. In addi-
tion, proteins (albumin, globulin, and total proteins)
were significantly (P <0.05) decreased in response to
diazinon toxicity, and the incorporated group (0.66
ml/L. CNPs) significantly (P<0.05) elevated those
levels and returned them to levels quite similar to the
control group before diazinon exposure (Table 1).

Table 1 Biochemical parameters (means + SE) in male African catfish, C. gariepinus exposed to 1/10 LCj diazinon (DZN) and co-
administrated with chitosan nanoparticles (CNPs) (0.66 ml/L), respectively for 30 days

Groups 1st group 2nd group 3rd group 4th group
Parameters

WLAST 40.05+0.51° 41.01+£0.43¢ 62.07+0.57° 48.70+0.39
ALT wL 18.23+0.07° 18.71+0.14° 25.11+0.02° 16.01+0.18¢
Cortisol mg/dl 11.27+£0.12% 11.60+0.34% 18.91+0.06° 12.60+0.34°
Urea mg/dl 15.90+£0.34° 15.71+0.36° 23.10+0.03* 15.42+0.16"™
Creatinine mg/dl 0.69+0.03° 0.67 £0.05% 0.94+0.01? 0.70+0.04°
AchE /L 422.03+1.07% 420.97 +1.15 369.01 +2.60° 424.21+1.12°
Total proteins g/dl 7.43+£0.04° 7.18+0.03* 3.28+0.16° 6.95+0.07°
Albumin g/dl 2.46+0.19* 2.50+0.16 1.41+0.06° 2.39+0.05°
Globulin g/dl 4.97+0.14° 4.58+0.16° +0.04°1.87 4.56+0.20°

Means with different superscript letters in the same row for each parameter are significantly different (P <0.05)

1st group: Male catfish served as control group and fed on free basal diet

2nd group: Male catfish served as control group +(CNPs) (0.66 ml/L)
3rd group: Male catfish exposed to 1/10 LCy, diazinon for 30 days

4th group: Male catfish exposed to 1/10 LCj diazinon 4+ (CNPs) (0.66 ml/L) for 30 days

AST aspartate transaminase, ALT alanine aminotransferase, AchE acetylcholinesterase
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Reproductive profile

Before exposure to DZN, reproductive hormones did
not reveal any significant (P <0.05) difference than
the control group. While, after diazinon exposure
reproductive hormones (LH and T.) were significantly
(P <0.05) decreased, and chitosan nanoparticles (0.66
ml/L. CNPs) supplementation significantly (P <0.05)
ameliorated this action and elevated those levels
(Table 2).

However, FSH, and 17-p E2 hormones were sig-
nificantly (P <0.05) increased after diazinon toxic-
ity exposure, and the nano chitosan diet (0.66 ml/L
CNPs) significantly (P <0.05) reduced those levels
(Table 2).

Hepatic and renal antioxidant profile

Although, all renal antioxidants (LPO, CAT, SOD,
GSH, and TAC) did not reveal any significant differ-
ence before exposure to diazinon toxicity, LPO, CAT,
and SOD were significantly (P <0.05) increased after
exposure to diazinon toxicity, and chitosan nanoparti-
cles significantly (P <0.05) decreased those elevated
levels. However, GSH and TAC levels were signifi-
cantly (P <0.05) decreased after exposure to diazinon
toxicity, and chitosan nanoparticle diets significantly
(P <0.05) elevated their levels (Tables 3 and 4).
Similarly, hepatic antioxidants (LPO, CAT, SOD,
GSH, and TAC) showed a significant difference
only after exposure to diazinon toxicity. Exposure to
diazinon toxicity significantly (P <0.05) increased

LPO, CAT, and SOD activities, and chitosan nano-
particles significantly (P <0.05) decreased those ele-
vated levels. However, diazinon toxicity significantly
(P<0.05) decreased GSH and TAC levels, and chi-
tosan nanoparticles diets significantly (P <0.05) ele-
vated their levels (Tables 3 and 4).

Discussion

Aqua feed supplementation with various natural plant
treatments is being widely used recently for various
purposes involving growth enhancer, immune stimu-
lation, and ameliorating oxidative stress status (Elabd
et al. 2022; Hamed et al. 2022; Rashidian et al.
2022). Nevertheless, the enhancing actions of chi-
tosan nanoparticles to compete the diazinon toxicity
and improve the male C. gariepinus fertility are inad-
equate (Elabd et al. 2023; Goda et al. 2023; Hamed
et al. 2022; Mahboub et al. 2022; Mohamed et al.
2020). The negative effects of organophosphate pesti-
cides (OPs) including diazinon on aquatic ecosystems
appear to be due to the inappropriate handling and
distribution (Barathinivas et al. 2022; Diaz-Resendiz
et al. 2019; Mahi et al. 2022; Ravi et al. 2023). The
current study revealed that diazinon negatively
affected biochemical, antioxidant, and reproductive
profiles of male catfish, and those CNPs significantly
mitigated this effect positively.

Regarding the biochemical indicators, which are
considered important indicators for toxicity with OPs
that cause reduction of enzymatic activities in fishes

Table 2 Reproductive hormones (mean + SE) in male African catfish, C. gariepinus exposed to 1/10 LCj, diazinon (DZN) and co-
administrated with chitosan nanoparticles (CNPs) (0.66 ml/L), respectively for 30 days

Parameters LH (wL) FSH (wL) T. (g/ml) 17-B E2 (g/ml)
Groups

Lst group 0.81+0.05* 0.41+0.02° 76.53+0.42* 237.61+0.35°
2nd group 0.82+0.07* 0.42+0.05° 76.47+0.31* 238.42+0.25°
3rd group 0.54+0.02° 0.55+0.03" 50.02+0.07° 338.01+0.40°
4th group 0.79+0.09° 0.38+0.02° 70.99 +0.92° 241.16+0.13°

Means with different superscript letters in the same row for each parameter are significantly different (P <0.05)

1st group: Male catfish served as control group and fed on free basal diet

2nd group: Male catfish served as control group +(CNPs) (0.66 ml/L)
3rd group: Male catfish exposed to 1/10 LCy, diazinon for 30 days

4th group: Male catfish exposed to 1/10 LCj diazinon 4+ (CNPs) (0.66 ml/L) for 30 days

LH luteinizing hormone, FSH follicle stimulating hormone, T. testosterone, /7-f E2 17- estradiol
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Table 3 Effect of 1/10 LCy, of diazinon (DZN) exposure and CNPs (0.66 ml/L) on antioxidant profile in kidney tissues of male

African catfish, C. gariepinus for 30 days

Items LPO SOD CAT GSH TAC
(nmol/g) (Ug/mg) (Ug/mg) (U/g tissue) (Umol/mg)
Ist group 60.52+2.53° 27.26+2.14% 16.31+0.93° 36.05+1.06* 18.31+0.16*
2nd group 60.40+2.41° 27.34+2.11% 16.01+0.47¢ 37.09+1.14* 17.35+0.14*
3rd group 81.26+2.36% 36.01+0.92* 30.04+0.23* 20.02+0.09° 8.91+0.32¢
4th group 65.10+2.35° 29.05 + 1.49° 20.35+0.11° 33.32+1.22° 14.90+0.18°

Means with different superscript letters in the same row for each parameter are significantly different (P <0.05)

1st group: Male catfish served as control group and fed on free basal diet

2nd group: Male catfish served as control group + (CNPs) (0.66 ml/L)
3rd group: Male catfish exposed to 1/10 LCs, diazinon for 30 days

4th group: Male catfish exposed to 1/10 LCs, diazinon + (CNPs) (0.66 ml/L) for 30 days
LPO lipid peroxidation, SOD superoxide dismutase, CAT catalase, GSH reduced glutathione, TAC total antioxidant capacity

Table 4 Effect of 1/10 LCs of diazinon (DZN) exposure and CNPs (0.66 ml/L) on antioxidant profile in liver tissues of male Afri-

can catfish, C. gariepinus for 30 days

Ttems LPO GSH TAC SOD CAT
(nmol/g) (Ul/g tissue) (Umol/mg) (Ug/mg) (Ug/mg)

1st group 59.09+1.52¢ 36.61+1.30° 20.35+2.01* 33.49+2.04° 16.31+£0.25¢

2nd group 57.05+1.30° 35.32+1.24% 20.48 £2.04° 31.93+2.08° 16.97 +£0.38°

3rd group 74.03+2.53° 25.19+0.52° 9.97 +1.23° 42.04+0.21° 30.71+0.19*

4th group 62.10+2.44° 34.05+1.42% 16.38 +2.49° 30.00+2.50° 20.03 +0.46°

Means with different superscript letters in the same row for each parameter are significantly different (P <0.05)

1st group: Male catfish served as control group and fed on free basal diet

2nd group: Male catfish served as control group + (CNPs) (0.66 ml/L)
3rd group: Male catfish exposed to 1/10 LCy, diazinon for 30 days

4th group: Male catfish exposed to 1/10 LCj diazinon 4+ (CNPs) (0.66 ml/L) for 30 days
LPO lipid peroxidation, GSH reduced glutathione, TAC total antioxidant capacity, SOD superoxide dismutase, CAT catalase

(Chinnadurai et al. 2022; Glusczak et al. 2007), CNPs
significantly (P <0.05) reduced AST, ALT, urea, and
creatinine, and cortisol that were elevated in response
to 1/10 LCs, diazinon exposure. Similarly, AST and
ALT were significantly (P <0.05) increased in C.
gariepinus exposed to diazinon (Al-Otaibi et al. 2019)
and to polyvinyl chloride micro-particles (Iheanacho
and Odo 2020). Moreover, diazinon exposed rainbow
trout (Oncorhynchus mykiss) showed increased liver
enzymes activities (Banaee et al. 2023; Shabanzadeh
et al. 2023). Those elevated levels are suggested to be
because of the damage to liver that could lead to lib-
erate large quantities of these enzymes into the blood
and thus could be a sensitive indicator of cellular
damage (Al-Asgah et al. 2015; Al-Otaibi et al. 2019).

@ Springer

The ameliorating properties of the chitosan could be
attributed to their antioxidant properties and decreas-
ing the histological changes in liver tissue (Thilagar
and Samuthirapandian 2020). Thus, it is assumed
a promoting favorable rule of CNPs on mitigating
hepatic damage induced by diazinon toxicity.
Insecticides are known to decrease the acetylcho-
linesterase activity, causing decreased motility in the
fish (Vali et al. 2022). In the present study, AchE was
significantly decreased in response to diazinon tox-
icity, and the CNPs significantly normalized those
activities. In the same pattern, Zebrafish (Danio rerio)
exposed to different doses of deltamethrin showed a
suppression of acetylcholinesterase (Petrovici et al.
2020). That is because of the inhibitory effect of the
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organophosphate pesticide (diazinon) on the activity
of acetylcholinesterase, responsible for dissociation
of acetylcholine, a neurotransmitter included in nerve
signaling (Souza et al. 2023). Toxicity usually causes
hepatic damage that is manifested with a decrease in
total protein levels (Iheanacho et al. 2021; Theanacho
and Odo 2020).

In the present study, AchE, albumin, globulin, and
total proteins were significantly decreased in response
to diazinon toxicity, and the CNPs significantly nor-
malized those activities. Herein, exposure to diazinon
significantly decreased total protein, albumin, and
globulin levels in rainbow trout, and silymarin supple-
mentation significantly ameliorated those actions and
returned readings to the normal levels (Banaee et al.
2023). Those decreased levels are because diazinon
toxicity may affect the liver’s ability to produce or
maintain normal proteins levels resulting in reduced
levels in the bloodstream. These alterations could
adversely influence the overall well-being, imbalance
in fluid transport, and suppressed immune response
(Rashidian et al. 2020). Similarly, C. gariepinus
exposed to polyvinyl chloride micro-particles showed
a remarked decrease in total protein levels (Iheanacho
and Odo 2020). The CNPs normalizing activities are
because of their potential to improve the liver’s abil-
ity to produce essential proteins such as globulins and
albumin by decreasing the oxidative stress challenges
and destruction in the liver (Chien et al. 2016; Ngo
and Kim 2014). The current findings also revealed
elevated urea and creatinine levels which are waste
products produced from muscle metabolism and
released via blood through the kidneys indicating kid-
ney dysfunction (Banaee et al. 2023). The mitigating
properties of CNPs are because they can ameliorate
the oxidative stress conditions and act as a safeguard
toward the integrity of kidneys stopping waste prod-
ucts accumulations in the bloodstream (Abdelkhalek
et al. 2017; Chien et al. 2016; Elabd et al. 2023).

The reproductive hormones could be used as bio-
markers for gonadotoxicity (Petrovici et al. 2020). Cur-
rent findings showed that reproductive hormones LH
and T. significantly decreased, while FSH, and 17-f E2
hormones were significantly increased after diazinon
toxicity and the nano chitosan diets significantly
ameliorated those levels. Those effects are due to the
endocrine disruption properties of diazinon, through
impairing the production, discharge, and transport of
reproduction hormones and reproduction regulators,

thus causing metabolic disorders and oxidative stress
(Darvishi et al. 2022). Similarly, diazinon reduced
17B-Estradiol in serum of Lepomis macrochirus (Bugel
et al. 2011; Darvishi et al. 2022). The antagonizing
properties of chitosan could be attributed to its ability
to sustain fish growth, immune response, and antioxi-
dation (Thilagar and Samuthirapandian 2020).

Diazinon may cause oxidative damage through
reducing the metabolic pathways, involving different
tissues mitochondrial electron permeability and redox
enzymes (Shabanzadeh et al. 2023). In the present
study, diazinon exposure significantly elevated hepatic
and renal LPO, and TAC activities, plus hepatic SOD,
but diminished GSH and TAC levels. On the same
context, challenging the rainbow trout with diazinon
caused severe damage in kidneys and liver with
depression with alterations in the antioxidants activi-
ties, which were ameliorated with commercial asta-
xanthin (Shabanzadeh et al. 2023). Same findings
were reported with Banaee et al. (2023) and Ming
et al. (2020) for alterations in the antioxidant status in
response to diazinon toxicity. In addition, superoxide
dismutase, catalase, and glutathione peroxidase activi-
ties were found to decrease markedly in C. gariepinus
exposed to polyvinyl chloride micro-particles (Theana-
cho and Odo 2020). Chitosan was able to sustain the
antioxidative status caused by ROS and also to prevent
damages to liver and kidneys (Elabd et al. 2023; Thila-
gar and Samuthirapandian 2020).

Conclusion

The present study’s findings showed that dietary CNP
supplementation was effective in mitigating low-dose
DZN toxicity. This was manifested through the sig-
nificant improvements in physiological, biochemi-
cal, and reproductive parameters. This indicates the
potential of CNPs on enhancing the health of C.
gariepinus, thereby promoting the sustainability of
the aquaculture industry.

Author contribution Conceptualization: H.E., HH.M., H.S.H.,
AAA, EMY, AR, SH.O., SMS., SJD., ZH. Methodol-
ogy: HE., HHM,, HSH.,, AAA, SK, EMY, AR, SHO.,,
SM.S., SJ.D., ZH. Software and data curation: H.E., HH.M.,
H.S.H., AAA, EMY, SK, AR, SHO., SM.S., SJD., ZH.
Writing-Original draft preparation: H.E., H.S.H., HH.M., Writ-
ing- Reviewing and Editing: HH.M., H.E.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



32 Page 8 of 10

Fish Physiol Biochem (2024) 51:32

Funding This work was funded by Researches Supporting
Project number (RSP2025R36), King Saud University, Riyadh,
Saudi Arabia.

Data availability No datasets were generated or analysed
during the current study.

Declarations

Conflict of interest The authors declare no competing inter-
ests.

Institutional review board statement All experimental pro-
cedures with live fish were agreed by the animal welfare and
ethical review committee of the Faculty of Veterinary Medicine,
Sadat City University, Egypt (VUSC-035-1-23). All experi-
mental procedures were performed in compliance with the ethi-
cal guidelines approved by the National Institutes of Health for
Use and Treatment of Laboratory Animals.

References

Abdel Rahman AN, Shakweer MS, Algharib SA, Abdelaty Al,
Kamel S, Ismail TA, Daoush WM, Ismail SH, Mahboub
HH (2022) Silica nanoparticles acute toxicity alters ethol-
ogy, neuro-stress indices, and physiological status of Afri-
can catfish (Clarias gariepinus). Aquac Rep 23:101034.
https://doi.org/10.1016/j.aqrep.2022.101034

Abdelkhalek NKM, Eissa IAM, Ahmed E, Kilany OE, El-Adl
M, Dawood MAO, Hassan AM, Abdel-Daim MM (2017)
Protective role of dietary Spirulina platensis against
diazinon-induced oxidative damage in Nile tilapia; Oreo-
chromis niloticus. Environ Toxicol Pharmacol 54:99-104.
https://doi.org/10.1016/j.etap.2017.07.002

Abdel-Tawwab M, Samir F, Abd El-Naby AS, Monier MN
(2018) Antioxidative and immunostimulatory effect of
dietary cinnamon nanoparticles on the performance of
Nile tilapia, Oreochromis niloticus (L.) and its suscepti-
bility to hypoxia stress and Aeromonas hydrophila infec-
tion. Fish Shellfish Immunol 74:19-25. https://doi.org/10.
1016/j.£51.2017.12.033

Abdel-Tawwab M, Razek NA, Abdel-Rahman AM (2019)
Immunostimulatory effect of dietary chitosan nanopar-
ticles on the performance of Nile tilapia, Oreochromis
niloticus (L.). Fish Shellfish Immunol 88:254-258. https://
doi.org/10.1016/}.£s1.2019.02.063

Aebi H (1984) [13] Catalase in vitro, in: Methods in enzymology,
oxygen radicals in biological systems. Academic Press, pp.
121-126. https://doi.org/10.1016/S0076-6879(84)05016-3

Al-Asgah NA, Abdel-Warith A-WA, Younis E-SM, Allam
HY (2015) Haematological and biochemical parameters
and tissue accumulations of cadmium in Oreochromis
niloticus exposed to various concentrations of cadmium
chloride. Saudi J Biol Sci 22:543-550. https://doi.org/10.
1016/j.sjbs.2015.01.002

Al-Otaibi AM, Al-Balawi HFA, Ahmad Z, Suliman EM (2019)
Toxicity bioassay and sub-lethal effects of diazinon on

@ Springer

blood profile and histology of liver, gills and kidney of
catfish, Clarias gariepinus. Braz J Biol Rev Brasleira Biol
79:326-336. https://doi.org/10.1590/1519-6984.185408

Anderson DP, Siwicki AK, Rumsey GL (1995) Injection or
immersion delivery of selected immunostimulants to trout
demonstrate enhancement of nonspecific defense mecha-
nisms and protective immunity. Asian Aquac 11:413-426

Bakhshwan S, Hamed H, Marzouk M, Hanna M (2009) Some
investigations on the clinical and biochemical alterations
associated with dizinon toxicity in Clarias gariepinus.
Egypt J Aquat Biol Fish 13:173-197. https://doi.org/10.
21608/ejabt.2009.2039

Banaee M, Impellitteri F, Multisanti CR, Sureda A, Arfuso F,
Piccione G, Faggio C (2023) Evaluating silymarin extract as
a potent antioxidant supplement in diazinon-exposed rain-
bow trout: oxidative stress and biochemical parameter analy-
sis. Toxics 11:737. https://doi.org/10.3390/toxics 11090737

Barathinivas A, Ramya S, Neethirajan K, Jayakumararaj R,
Pothiraj C, Balaji P, Faggio C (2022) Ecotoxicological
effects of pesticides on hematological parameters and oxi-
dative enzymes in freshwater catfish. Mystus Keletius Sus-
tainability 14:9529. https://doi.org/10.3390/sul4159529

Bell CA (1995) Clinical guide to laboratory tests. 3rd edition.
Norbert W. Tietz, ed. Transfusion (Paris) 35:972-972.
https://doi.org/10.1111/j.1537-2995.1995.tb03571.x

Bugel SM, White LA, Cooper KR (2011) Decreased vitello-
genin inducibility and 17f-estradiol levels correlated with
reduced egg production in killifish (Fundulus heteroclitus)
from Newark Bay. NJ Aquat Toxicol 105:1-12. https://
doi.org/10.1016/j.aquatox.2011.03.013

Chien R-C, Yen M-T, Mau J-L (2016) Antimicrobial and anti-
tumor activities of chitosan from shiitake stipes, compared
to commercial chitosan from crab shells. Carbohydr Polym
138:259-264. https://doi.org/10.1016/j.carbpol.2015.11.061

Chinnadurai K, Prema P, Veeramanikandan V, Kumar KR,
Nguyen V-H, Marraiki N, Zaghloul NSS, Balaji P (2022)
Toxicity evaluation and oxidative stress response of fuma-
ronitrile, a persistent organic pollutant (POP) of industrial
waste water on tilapia fish (Oreochromis mossambicus).
Environ Res 204:112030. https://doi.org/10.1016/j.envres.
2021.112030

Darvishi M, Safari R, Hoseinifar SH, Shabani A, Dadar M,
Jarayedi Z, Paolucci M (2022) Sublethal doses of diazinon
affected reproductive, immune, and oxidative status in
female zebrafish (Danio rerio). Aquac Rep 22:100944.
https://doi.org/10.1016/j.aqrep.2021.100944

Diaz-Resendiz KIJG, Ortiz-Lazareno PC, Covantes-Rosales
CE, Trujillo-Lepe AM, Toledo-Ibarra GA, Ventura-
Ramén GH, Girén-Pérez MI (2019) Effect of diazinon,
an organophosphate pesticide, on signal transduction and
death induction in mononuclear cells of Nile tilapia fish
(Oreochromis niloticus). Fish Shellfish Immunol 89:12—
17. https://doi.org/10.1016/j.£51.2019.03.036

Doumas BT, Ard Watson W, Biggs HG (1971) Albumin stand-
ards and the measurement of serum albumin with brom-
cresol green. Clin Chim Acta 31:87-96. https://doi.org/10.
1016/0009-8981(71)90365-2

Elabd H, Faggio C, Mahboub HH, Emam MA, Kamel S, El
Kammar R, Abdelnaeim NS, Shaheen A, Tresnakova N,
Matter A (2022) Mucuna pruriens seeds extract boosts
growth, immunity, testicular histology, and expression of

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Fish Physiol Biochem (2024) 51:32

Page 90of 10 32

immune-related genes of mono-sex Nile tilapia (Oreo-
chromis niloticus). Fish Shellfish Immunol 127:672-680.
https://doi.org/10.1016/j.£s1.2022.06.055

Elabd H, Mahboub HH, Salem SM, Abdelwahab AM,
Alwutayd KM, Shaalan M, Ismail SH, Abdelfattah AM,
Khalid A, Mansour AT, Hamed HS (2023) Nano-cur-
cumin/chitosan modulates growth, biochemical, immune,
and antioxidative profiles, and the expression of related
genes in Nile tilapia, Oreochromis niloticus. Fishes
8(7):333. https://doi.org/10.3390/fishes8070333

El-Naggar M, Salaah S, El-Shabaka H, El-Rahman FA, Khalil
M, Suloma A (2021) Efficacy of dietary chitosan and
chitosan nanoparticles supplementation on health status
of Nile tilapia, Oreochromis niloticus (L.). Aquac Rep
19:100628. https://doi.org/10.1016/j.aqrep.2021.100628

Flynn K, Johnson R, Lothenbach D, Swintek J, Whiteman F,
Etterson M (2020) The effects of combinations of lim-
ited ration and diazinon exposure on acetylcholinesterase
activity, growth and reproduction in Oryzias latipes, the
Japanese medaka. J Appl Toxicol 40:535-547. https://doi.
org/10.1002/jat.3925

Glusczak L, dos Santos Miron D, Moraes BS, Simdes RR,
Schetinger MRC, Morsch VM, Loro VL (2007) Acute
effects of glyphosate herbicide on metabolic and enzymatic
parameters of silver catfish (Rhamdia quelen). Comp Bio-
chem Physiol Part C: Toxicol Pharmacol 146(4):519-524.
https://doi.org/10.1016/j.cbpc.2007.06.004

Goda MN, Shaheen AAM, Hamed HS (2023) Potential role
of dietary parsley and/or parsley nanoparticles against
zinc oxide nanoparticles toxicity induced physiological,
and histological alterations in Nile tilapia. Oreochromis
Niloticus Aquac Rep 28:101425. https://doi.org/10.1016/j.
aqrep.2022.101425

Hamed HS, Ali RM, Shaheen AA, Hussein NM (2021) Chi-
tosan nanoparticles alleviated endocrine disruption, oxida-
tive damage, and genotoxicity of Bisphenol-A-intoxicated
female African catfish. Comp Biochem Physiol Part C
Toxicol Pharmacol 248:109104. https://doi.org/10.1016/j.
cbpc.2021.109104

Hamed HS, Amen RM, Elelemi AH, Mahboub HH, Elabd H,
Abdelfattah AM, Moniem HA, El-Beltagy MA, Alkafafy
M, Yassin EMM, Ismail AK (2022) Effect of dietary Mor-
inga oleifera leaves nanoparticles on growth performance,
physiological, immunological responses, and liver anti-
oxidant biomarkers in Nile tilapia (Oreochromis niloticus)
against zinc oxide nanoparticles toxicity. Fishes 7:360.
https://doi.org/10.3390/fishes7060360

Iheanacho SC, Odo GE (2020) Dietary exposure to polyvi-
nyl chloride microparticles induced oxidative stress and
hepatic damage in Clarias gariepinus (Burchell, 1822).
Environ Sci Pollut Res 27:21159-21173. https://doi.org/
10.1007/s11356-020-08611-9

Iheanacho SC, Adeolu Al, Nwose R, Ekpenyong J, Offu P,
Amadi-Eke A, Theanacho AC, Ogunji J (2021) Genotox-
icity, oxidative stress and lysozyme induction in Clarias
gariepinus chronically exposed to water-soluble fraction
of burnt tire ash. Ecotoxicology 30:1983-1996. https://
doi.org/10.1007/510646-021-02474-7

JtD, P S (1998) Effects of sex steroids on gonadotropin (FSH and
LH) regulation in coho salmon (Oncorhynchus kisutch). J.
Mol. Endocrinol. 21. https://doi.org/10.1677/jme.0.0210291

Kakakhel M, Bibi N, Mahboub H, Wu F, Sajjad W, Din S,
Hefny A, Wang W (2022) Influence of biosynthesized
nanoparticles exposure on mortality, residual deposi-
tion, and intestinal bacterial dysbiosis in Cyprinus car-
pio. Comp Biochem Physiol Part C Toxicol Pharmacol
263:109473. https://doi.org/10.1016/j.cbpc.2022.109473

Khalil MT, Gad NS, Ahmed NAM, Mostafa SSE-D (2017)
Antioxidant defense system alternations in fish as a bio-
indicator of environmental pollution. Egypt J Aquat Biol
Fish 21:11-28. https://doi.org/10.21608/ejabf.2017.3536

Knedel M, Bottger R (1967) Eine kinetische Methode zur
Bestimmung der Aktivitit der Pseudocholinesterase
(Acylcholin-acylhydrolase 3.1.1.8.). Klin Wochenschr
45:325-327. https://doi.org/10.1007/BF01747115

Liu J (2015) Choosing and Using Statistics. https://doi.org/10.
13140/RG.2.1.3829.0005

Mahboub HH, Elsheshtawy HM, Sheraiba NI, Fahmy EM,
Masoud SR, Mohamed EAA, Abdelnaeim NS, Mohamed
DI, Ismail TA, Ahmed SAA (2022) Dietary black cumin
(Nigella sativa) improved hemato-biochemical, oxida-
tive stress, gene expression, and immunological response
of Nile tilapia (Oreochromis niloticus) infected by Burk-
holderia cepacia. Aquac Rep 22:100943. https://doi.org/
10.1016/j.aqrep.2021.100943

Mahboub HH, Eltanahy A, Omran A, Mansour AT, Safhi FA,
Alwutayd KM, Khamis T, Husseiny WA, Ismail SH,
Yousefi M, Abdel Rahman AN (2024) Chitosan nanogel
aqueous treatment improved blood biochemicals, anti-
oxidant capacity, immune response, immune-related gene
expression and infection resistance of Nile tilapia. Comp
Biochem Physiol B Biochem Mol Biol 269:110876.
https://doi.org/10.1016/j.cbpb.2023.110876

Mahi TF, Chowdhury G, Hossain MA, Baishnab AK, Schnei-
der P, Igbal MM (2022) Assessment of lead (Pb) toxicity
in juvenile Nile tilapia, Oreochromis niloticus—growth,
behaviour, erythrocytes abnormalities, and histological
alterations in vital organs. Toxics 10:793. https://doi.org/
10.3390/toxics 10120793

Majhi SS, Singh SK, Biswas P, Debbarma R, Parhi J, Khatei
A, Mangang YA, Waikhom G, Patel AB (2023) Stocking
density affects immune and stress-related gene expression
of Butter catfish (Ompok bimaculatus) fry in biofloc land-
scapes. Fish Shellfish Immunol Rep 5:100112. https://doi.
org/10.1016/j.fsirep.2023.100112

Ming J, Ye J, Zhang Y, Xu Q, Yang X, Shao X, Qiang J, Xu P
(2020) Optimal dietary curcumin improved growth per-
formance, and modulated innate immunity, antioxidant
capacity and related genes expression of NF-kB and
Nrf2 signaling pathways in grass carp (Ctenopharyngo-
don idella) after infection with Aeromonas hydrophila.
Fish Shellfish Immunol 97:540-553. https://doi.org/10.
1016/j.£s1.2019.12.074

Mohamed AA-R, El-Houseiny W, El-Murr AE, Ebraheim
LLM, Ahmed Al, El-Hakim YMA (2020) Effect of
hexavalent chromium exposure on the liver and kidney
tissues related to the expression of CYP450 and GST
genes of Oreochromis niloticus fish: role of curcumin
supplemented diet. Ecotoxicol Environ Saf 188:109890.
https://doi.org/10.1016/j.ecoenv.2019.109890

Ngo D-H, Kim S-K (2014) Chapter two - Antioxidant effects
of chitin, chitosan, and their derivatives, in: Kim, S.-K.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



32 Page 10 of 10

Fish Physiol Biochem (2024) 51:32

(Ed.), Advances in food and nutrition research, marine
carbohydrates: fundamentals and applications, Part B.
Academic Press, pp. 15-31. https://doi.org/10.1016/
B978-0-12-800268-1.00002-0

Nishikimi M, Appaji Rao N, Yagi K (1972) The occurrence
of superoxide anion in the reaction of reduced phena-
zine methosulfate and molecular oxygen. Biochem Bio-
phys Res Commun 46:849-854. https://doi.org/10.1016/
S0006-291X(72)80218-3

Palladino P, Brittoli A, Pascale E, Minunni M, Scarano
S (2019) Colorimetric determination of total protein
content in serum based on the polydopamine/protein
adsorption competition on microplates. Talanta 198:15—
22. https://doi.org/10.1016/j.talanta.2019.01.095

Petrovici A, Strungaru S-A, Nicoara M, Robea MA, Solcan
C, Faggio C (2020) Toxicity of deltamethrin to zebrafish
gonads revealed by cellular biomarkers. J Mar Sci Eng
8:73. https://doi.org/10.3390/jmse8020073

Rashidian G, Bahrami Gorji S, Farsani MN, Proki¢ MD, Faggio
C (2020) The oak (Quercus brantii) acorn as a growth pro-
motor for rainbow trout (Oncorhynchus mykiss): growth
performance, body composition, liver enzymes activity
and blood biochemical parameters. Nat Prod Res 34:2413—
2423 https://doi.org/10.1080/14786419.2018.1538994

Rashidian G, Mahboub HH, Fahim A, Hefny AA, Proki¢ MD,
Rainis S, Boldaji JT, Faggio C (2022) Mooseer (Allium
hirtifolium) boosts growth, general health status, and
resistance of rainbow trout (Oncorhynchus mykiss) against
Streptococcus iniae infection. Fish Shellfish Immunol
120:360-368. https://doi.org/10.1016/.£51.2021.12.012

Ravi R, Athisuyambulingam M, Kanagaraj S, Tresnakova N,
Impellitteri F, Viswambaran G, Faggio C (2023) Impact
of Chlorpyrifos on Cytopathological Indices in Man-
grove Crab, Episesarma tetragonum (Fabricius). Vet Sci
10:53. https://doi.org/10.3390/vetscil0010053

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

Sayed AE-DH, Hamed M, El-Sayed AAA, Nunes B, Soli-
man HAM (2023) The mitigating effect of Spirulina
(Arthrospira platensis) on the hemotoxicity of gibber-
ellic acid on juvenile tilapia (Oreochromis niloticus).
Environ Sci Pollut Res 30:25701-25711. https://doi.org/
10.1007/s11356-022-23844-6

Seyedmohammadi J, Motavassel M, Maddahi MH,
Nikmanesh S (2016) Application of nanochitosan and
chitosan particles for adsorption of Zn(II) ions pollutant
from aqueous solution to protect environment. Model
Earth Syst Environ 2:165. https://doi.org/10.1007/
s40808-016-0219-2

Shabanzadeh S, Vatandoust S, Hosseinifard SM, Sheikhzadeh
N, Shahbazfar AA (2023) Dietary astaxanthin (Lucantin®
Pink) mitigated oxidative stress induced by diazinon in
rainbow trout (Oncorhynchus mykiss). Vet Res Forum Int
QJ 14:97. https://doi.org/10.30466/vrf.2021.533582.3209

@ Springer

Solem ST, Jgrgensen JB, Robertsen B (1995) Stimulation
of respiratory burst and phagocytic activity in Atlantic
salmon (Salmo salar L.) macrophages by lipopolysaccha-
ride. Fish Shellfish Immunol 5:475-491. https://doi.org/
10.1016/S1050-4648(95)80049-2

Soliman HAM, Hamed M, Lee J-S, Sayed AE-DH (2019) Pro-
tective effects of a novel pyrazolecarboxamide derivative
against lead nitrate induced oxidative stress and DNA
damage in Clarias gariepinus. Environ Pollut 247:678—
684. https://doi.org/10.1016/j.envpol.2019.01.074

Soliman HA, Salaah SM, Hamed M, Sayed AEDH (2023) Tox-
icity of co-exposure of microplastics and lead in African
catfish (Clarias gariepinus). Front Vet Sci 10:1279382

Souza JADCR, Souza T, Quintans ILADCR, Farias D (2023)
Network toxicology and molecular docking to investigate
the non-AChE mechanisms of organophosphate-induced
neurodevelopmental toxicity. Toxics 11(8):710. https://
doi.org/10.3390/toxics 11080710

Stara A, Pagano M, Capillo G, Fabrello J, Sandova M, Vaz-
zana I, Zuskova E, Velisek J, Matozzo V, Faggio C (2020)
Assessing the effects of neonicotinoid insecticide on the
bivalve mollusc Mytilus galloprovincialis. Sci Total Environ
700:134914. https://doi.org/10.1016/j.scitotenv.2019.134914

Tang ZX, Qian JQ, Shi LE (2007) Preparation of chitosan
nanoparticles as carrier for immobilized enzyme. Appl
Biochem Biotechnol 136:77-96. https://doi.org/10.1007/
BF02685940

Thilagar G, Samuthirapandian R (2020) Chitosan from crusta-
cean shell waste and its protective role against lead toxic-
ity in Oreochromis mossambicus. Toxicol Rep 7:296-303.
https://doi.org/10.1016/j.toxrep.2020.02.006

Vali S, Majidiyan N, Azadikhah D, Varcheh M, Tresnakova N,
Faggio C (2022) Effects of diazinon on the survival, blood
parameters, gills, and liver of grass carp (Ctenopharyn-
godon idella Valenciennes, 1844; Teleostei: Cyprinidae).
Water 14:1357. https://doi.org/10.3390/w 14091357

Yu W, Yang Y, Chen H, Zhou Q, Zhang Y, Huang X, Huang
Z, Li T, Zhou C, Ma Z, Wu Q, Lin H (2023) Effects of
dietary chitosan on the growth, health status and disease
resistance of golden pompano (Trachinotus ovatus). Car-
bohydr Polym 300:120237. https://doi.org/10.1016/j.carbp
01.2022.120237

Zoe LH, David SR, Rajabalaya R (2023) Chitosan nanoparticle
toxicity: a comprehensive literature review of in vivo and
in vitro assessments for medical applications. Toxicol Rep
11:83-106. https://doi.org/10.1016/j.toxrep.2023.06.012

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

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).
Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”),
for small-scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are
maintained. By accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use
(“Terms”). For these purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or
a personal subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or
a personal subscription (to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the
Creative Commons license used will apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data
internally within ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking,
analysis and reporting. We will not otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of
companies unless we have your permission as detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that
Users may not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to
circumvent access control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil
liability, or is otherwise unlawful,

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by
Springer Nature in writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer
Nature journal content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates
revenue, royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain.
Springer Nature journal content cannot be used for inter-library loans and librarians may not upload Springer Nature journal
content on a large scale into their, or any other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any
information or content on this website and may remove it or features or functionality at our sole discretion, at any time with or
without notice. Springer Nature may revoke this licence to you at any time and remove access to any copies of the Springer Nature
journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express
or implied with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or
warranties imposed by law, including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be
licensed from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other
manner not expressly permitted by these Terms, please contact Springer Nature at

onlineservice@springernature.com



mailto:onlineservice@springernature.com

