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ARTICLE INFO ABSTRACT
Article History: Copper sulfate and jasper herbicide are heavily used in the aquatic
Received: March 18, 2021 environment to kill algae, bacteria, Mollusca, and unwanted plants. Therefore,
Accepted: April 13, 2021 this study was carried out to evaluate the effect of the chronic toxicity of those
Online: April 26, 2021 compounds, separately and mixed, on some biomarkers in the Nile

tilapia, Oreochromis niloticus. Results showed that a 33.50 mg/1 found of the
96h-LCsq of copper sulfate decreased in the mixture to record 11.70 mg/l.
While in the case of a 3.80 mg/1 found of jasper, it marked a decreasing record
of 2.20 mg/l in the mixture. Afterward, fish were exposed to the sublethal
concentrations (1/10 of the 96h-LC50) separately and in a mixture for 28 days
to detect the changes in biomarkers. Whereas the rest of the fish were
transferred to water free of those chemicals for 30 days to study the recovery.
Superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT),
and malondialdehyde (MDA) decreased in all treatments. The SOD and MDA
didn't recover in fish exposed to the mixture. The GPX and CAT exceeded the
control during the recovery. Alanine transaminase (ALT) and alkaline
phosphatase (ALP) elevated in all treatments on the 4" day, and declined on
the 28" of exposure, and didn't recover. Acetyl-cholinesterase (AChE)
decreased in all treated groups and still impacted in fish exposed previously to
the mixture during recovery. Uric acid increased in all treated groups and
recovered in fish exposed alone to jasper. Creatinine increased in all groups
and recovered in those treated with copper sulfate and jasper separately.
Albumin decreased in all treated groups during all periods and didn't recover.
In general, the mixture of copper sulfate and jasper herbicide is more toxic
for O. niloticus and the recovery state is difficult to occur for fish previously
treated with the mixture.
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Tilapia species are worldly considered the second most important and widely grown
group of farmed fish after carps. Egypt is the 2™ largest producer of the farmed Nile tilapia
after China, presenting more than 80% of total tilapia production (El-Sayed, 2013). The
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Nile tilapia is an omnivorous fish that feeds on detritus, phytoplankton and zooplankton.
Consequently, if it was reared in polluted water, it can accumulatein its tissues high
concentrations of heavy metals and metabolites of organic pesticides, causing a health
hazard for both fish and human.

The heavy use of pesticides and other chemicals in the environment can expose fish,
including tilapia, to a diverse set of complex mixtures of these substances. The mixture of
toxicity can be predicted by the summation of their individual component toxicities, but
sometimes in some mixtures interactions can occur, altering the toxicity to a more or less
than expected compared to their components (Kelly et al., 2016).

Copper sulfate is an inorganic compound used as bactericide, fungicide, molluscicide
and algaecide. Its harmful effect on fish depends on fish species and water. The more
hardness and alkalinity water is, the less the danger of copper sulfate to fish. Thus, if there
is a need to apply copper sulfate, then a test of the water should come first. Copper sulfate
causes rapid die-off of algae and other plants, leading to an increase of the organic matter,
ammonia and oxygen depletion in water which results in fish mortality. Most algaecides and
many aquatic herbicides contain copper-based compounds (Wagner et al., 2017). It is noted
that, copper at low concentrations, is a minor nutrient for plants and animals, but at higher
concentrations, ionic copper herbicides are considered toxic to fish and other non-targeted
organisms (Mastin & Rodgers, 2000).

In addition, jasper 520 EC herbicide is an organic compound with an active constituent
of 520 g/l haloxyfop-R-methyl ester. It controls grasses in many crops. It is not allowed to
be used in aquatic environments except in specific discrete areas, where there is a
biosecurity emergency and where no alternative herbicide is available for specific water
weed eradication (EPA, 2012).

The mixtures of environmental pollutants in aquatic ecosystems may exert severe
damage for the aquatic organisms due to their capability to induce oxidative stress in those
aquatic organisms, including fish (Lopez-Lopez et al., 2011).

Remarkably, heavy metals and pesticides can induce oxidative stress by generating free
radicals (Desai & Bhilave, 2018). The evaluation of biochemical systems involved in
detoxification of reactive oxygen can be useful as biomarkers of aquatic contamination in
resident indicator species (Frenzilli et al., 2004). Borkovic™ et al. (2005) recorded that
antioxidants have been proposed as biomarkers of contaminants inducing oxidative stress in
fish as their induction reflects a response to pollutants. Reactive oxygen species (ROS), may
adversely affect organisms. However, increased ROS levels can cause a significant damage
to cell structures (Ahmed et al., 2004).

ROS and other free radicals are continually detoxified and removed in cells by an
antioxidant defense system comprising both antioxidant enzymes, including superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX). The antioxidant
enzyme; superoxide dismutase (SOD), plays a key role in the defense of all aerobic
organisms against toxic oxygen species, which are generated under oxygen stress (Stajner
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et al., 2003). Furthermore, Desai and Bhilave (2018) stated that superoxide dismutase
(SOD) and catalase (CAT) play important roles in protecting the cell against the potentially
toxic effects of environmental pollutants. Moreover, lipid peroxidation is a well-established
mechanism of cellular injury in animals, and is used as an indicator of oxidative stress in
cells. Additionally, malondialdehyde is widely used as an indicator of lipid peroxidation
(Esterbauer et al., 1991).In fact, increased levels of lipid peroxidation products have been
associated with a variety of chronic diseases in both humans and other vertebrates (Allen-
Gil & Martynov, 1995).

Many pollutants inhibit acetyl-cholinesterase (AChE) activity, causing an accumulation
on the nerve synapses that leads to subsequent disruption of neural transmission in both
central and peripheral nervous systems (Anam & Maitra, 1995). Choudhury (2018) listed
several studies about the devastating effects of pesticides in various biochemical parameters
like ALT, ALP, uric acid, creatinine and albumin, which led to disturbances in various fish
organs especially the liver and the kidney.

In this essence, this study aimed to evaluate the effect of copper sulfate and jasper
herbicide, which are widely used separately and mixed in Egypt environment on some
biomarkers of Nile tilapia “O. niloticus” cultured there.

MATERIALS AND METHODS

2.1.  Fish
Apparently healthy Nile tilapia “Oreochromis niloticus” with average weight
20.5£1.5 g were collected from the fish farm of Central Laboratory for Aquaculture

Research (CLAR), Abbassa, Abo-Hammad, Shargia, Egypt. The collected fish were

transported immediately into the indoor tanks in the wet lab of the Biology and Ecology

Department and acclimated to the laboratory conditions for 2 weeks.

2.2. Pollutants

i. Inorganic Compound: Copper sulfate (CuSO,4.5H,0): It was purchased from Sigma
(Egyptian International Center for Import, Cairo, Egypt).

ii. Organic Compound: Commercial, Jasper 520 Herbicide. Active constituent is 520 g/I
haloxyfop-R-methyl ester. It was purchased from the pesticide market in Zagazig
city, Shargia, Egypt.

2.3.  Experimental design
2.3.1. Determination of the 96h-LCs

Eight groups of fish, each in 3 replicates were distributed among 60L capacity glass
aquaria filled with dechlorinated and aerated tap water, with 8 fish/aquarium and were
exposed to 8 different concentrations of copper sulfate alone. A similar method was done
with the commercial form of jasper herbicide alone. After that, the same sequence was
repeated with different mixtures of copper sulfate and jasper herbicide. All laboratory
conditions were maintained constant. Fish deaths and abnormal behavior were recorded
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daily for 4 days. Then, the values of the 96-h LCs, were calculated for each treatment
according to Behreus and Karbeur (1953). The 96h-LCs, of copper sulfate was found 33.5
mg/l and decreased in the mixture to 11.70 mg/l. Whereas the 96h-LCs, of jasper alone was
found 3.8 mg/l and decreased to 2.2 mg/l in the mixture.

2.3.2. Experimental procedures

The other Nile tilapia “O.niloticus ” were divided into 4 treatment groups, each in 3-
replicates, each replicate with 10 fish in 100-L capacity glass aquarium. The 1% group (T1)
was kept as control (0.0). The 2™ group (T2) was exposed to /19 96h-LCs, (3.35 mg/l) of
copper sulfate. The 3™ group (T3) was exposed to /1o 96h-LCso (0.38 mg/l) of jasper
herbicide. The 4™ group (T4) was exposed to /1o of the 96h-LCs; of copper sulfate and
jasper herbicide in a mixture (1.17& 0.22 mg/l, respectively).

The experimental treatment groups

Copper sulfate Jasper herbicide
Treatment groups
(mg/1) (mg/1)
T1 (Control) 0.0 0.0
T2 (Copper sulfate) 3.35 0.0
T3 (Jasper herbicide) 0.0 0.38
T4 (Mixture) 1.17 0.22

All aquaria were supplied with compressed air via air-stones from air pumps. Well-
aerated water was provided from a storage fiberglass tank. The ambient temperature ranged
from 26 to 29°C. Dead fish once observed at any aquarium were removed. Fish were
offered 35% protein diet at a rate of 2% of live body weight daily, divided into 2 equal
meals; 5 days a week for 4 weeks. A three quarter of the aquarium's water was siphoned
daily along with fish excreta, and replaced with an equal volume of water, maintaining the
same pollutant concentration per each treatment group.

2.3.3. Analysis of water physico-chemical parameters

Water analyses were monitored weekly during the experimental period. Dissolved
oxygen and temperature were measured on site with a YSI model 58 oxygen meter (Yellow
Spring Instrument Co., Yellow Springs, Ohio, USA). The pH was measured using a pH-
meter (Digital Mini-pH Meter, model 55, Fisher Scientific, USA). The unionized ammonia
was measured using DREL/2 HACH kits (HACH Co., Loveland, Co., USA). Total
alkalinity and total hardness were measured by titration as described by Boyd (1984). In all
groups, dissolved oxygen concentrations ranged from 5.8 to 6.8 mg L. The range of the
ambient water temperature was 27-29 °C. The pH range was 7.6-8.5, and the unionized
ammonia concentration was (<0.30 mg L) less than the critical level (Boyd, 1990).Total
hardness and total alkalinity were 160-200 mg L' and 140-170 mg L' as CaCOs,
respectively.
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2.3.4. Biochemical analyses

Fish were anaesthetized by MS-222, and blood samples were collected from the
caudal veins on the 4™ and 28" day of exposure. Then, they were centrifuged to obtain the
plasma, which was kept in deep freezer till analyses.

Superoxide dismutase (SOD) activity was determined by the method of Flohé and
Otting (1984). Glutathione peroxidase (GPX) activity was determined by the method of
Flohé and Gunzler (1984). Catalase (CAT) activity was determined according to the
technique described by Beutler (1975). Malondialdehyde (MDA) was determined
according to Ohkawa et al. (1979).

Alanine transferase (ALT) was determined according to Reitman and Frankel (1957).
Alkaline phosphatase (ALP) was determined according to the method of Bergmeyer
(1974). Acetyl-cholinesterase (AChE) activity was measured as described by Ellman et al.
(1961). Uric acid was determined according to Barham and Trinder (1972). Creatinine
was determined according to Henry (1964). Determination of plasma albumin was done
according to the method described by Doumas et al. (1971).

2.4, Recovery experiment

At the end of the exposure period (28 days), the rest 10 fish of each treated group were
transferred to dechlorinated and oxygenated water; completely free of copper sulfate and
jasper herbicide for 30 days. the same analyses were achieved at the end of this period.

2.5.  Statistical analysis

Statistical analyses were carried out using statistical SPSS package version 19 for
windows. A one-way analysis of variance (ANOVA) followed by a Duncan’s post Hoc test
were performed to identify any significant differences between the treatments (p<0.05). All
results were given in a mean + standard error of the mean.

RESULTS

In the present study, the 96h-LCsy of copper sulfate for the Nile tilapia “O. niloticus”
was found 33.5 mg/l when applied alone, while in the mixture with jasper, this value
decreased to 11.7 mg/l. Moreover, the 96h-LCs, of jasper was found 3.80 mg/l when
applied alone, and decreased to 2.20 mg/l when applied in a mixture with copper sulfate
(Fig. 1). Afterwards, this study was concerned to determin the impact of sublethal (/1 -
96h-LCsp) concentration of copper sulfate and jasper in separate and in mixture on plasma
biomarkers of the Nile tilapia “O. niloticus” after 4 and 28 days of exposure, and define the
recovery status after transferring fish to water free of these toxicants for 30 days.
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Fig. 1: The 96h-LCs, (mg/l) of copper sulfate and jasper for
the Nile tilapia “O. niloticus ” separately and in a mixture.

In Table (1), the SOD activity decreased recording the lowest value in the fish exposed
to the mixture (2.50+0.05 & 2.14+0.01u/ml) for 4 and 28 days, respectively (P<0.05). The
recovery was noticed in fish groups treated previously with copper sulfate or jasper in
separate, but in that treated with the mixture, fish were still impacted (Fig. 2, a). In
addition, the GPX recorded the same trend; reaching the lowest value in fish treated with
the mixture (65.00+1.15 & 66.00+0.58 u/l, on the 4™ and 28" day of exposure, respectively)
in comparison with the control group (P<0.05). It increased

Table 1: Effect of chronic exposure of the Nile tilapia "O. niloticus" to copper sulfate and jasper
Herbicide, separately and mixed, on plasma SOD, GPX, CAT and MDA.

Periods Treatments SOD GPX CAT MDA
(u/ml) (u/l) (u/l) (nmol/ml)
T1 3.87+0.07% 93.00+1.15° 158.00+0.58" 16.99+0.08"
T2 2.55+0.01 B¢ 65.33+1.45" 129.00+2.31° 13.30+0.41¢
4™ Day T3 2.85+0.02° 65.67+0.67" 100.33+4.91" 13.17+0.19°
T4 2.50+0.03° 65.00+1.15" 91.33+0.88 11.87+0.13°
T1 3.87+0.06" 91.00+1.00° 156.00+1.53° 16.95+0.10*
T2 2.74+0.365¢ 76.67+2.19F 137.00+0.58F 11.67+0.19°
28" Days T3 2.39+0.03°° 74.00+1.15° 120.00+0.58° 11.13+0.01F
T4 2.14+0.01° 66.00+0.58" 105.67+0.88" 10.87+0.03F
T1 3.92+0.03* 90.67+1.86° 155.67+1.86° 17.01+0.07*
Recovery T2 3.75+0.02* 108.00+4.16° 174.33+1.20° 17.14+0.10*
T3 3.75+0.04* 116.00+2.08° 195.67+2.16° 16.35+0.18"
T4 2.51+0.025¢ 148.67+3.18" 232.67+3.53" 13.17+0.15¢

Means + SE with the same letters in the same column are not significantly different (P<0.05).
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Fig. 2: Recovery of plasma SOD, GPX, CAT and MDA of the Nile tilapia “O. niloticus ” previously
exposed to copper sulfate and jasper herbicide separately and in a mixture.

significantly during the recovery in all fish groups and the effect of the mixture was the
highest (Fig. 2, b). The same results were observed in the case of CAT, which decreased to
the lowest values on the 4™ and 28" day of exposure (91.33+0.88 &105.67+0.088 u/l,
respectively) in comparison with the control, (P<0.05). In the recovery, the values of CAT
exceeded those in the control (232.67+ 3.53u/l); in fish treated previously with the mixture
(Fig. 2, c). The MDA levels decreased significantly in all treated fish groups, reaching a
highly significant reduction in fish group exposed to the mixture of copper sulfate and
jasper herbicide for 4 and 28 days, and recorded 11.67+0.19 and 10.87+0.03 nmol/ml,
respectively, (P<0.05). The recovery occurred in fish groups exposed to copper sulfate and
jasper herbicide in separate, while in those previously exposed to the mixture recovery was
still impacted (Fig. 2, d).

Data in Table (2), showed a significant increase in plasma ALT and ALP activities in all
treated groups on the 4™ day of exposure, while the highest effect was detected in the fish
group exposed to the mixture (40.93+0.42 &139.67+1.20 u/l, respectively). After that, ALT
and ALP decreased significantly on the 28" day recording 13.50+0.50 and 42.00+0.58 u/l,
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respectively in the fish group exposed to the mixture (P<0.05). The recovery status didn't
occur completely in all groups, and the highest effect was recorded in the fish exposed to
the mixture (Fig. 3, a).

Table 2: Effect of chronic exposure of the Nile tilapia "O. niloticus" to copper sulfate and jasper
Herbicide, separately and in a mixture, on plasma ALT, ALP and AChE.

. ALT ALP AChE
Periods Treatments (/) (/) (uM)
T1 22.03+0.12° 72.67+0.33° 11.07+0.094
T2 32.70+0.21°8 96.67+10.20 ® 8.67+0.12 °
4" Day T3 27.37+0.22 ¢ 77.67+1.20 © 8.57+0.18°
T4 40.93+0.42" 139.67+1.20* 6.93+0.09°
T1 21.83+0.15° 74.00+0.58° 10.96+0.08"®
T2 18.93+0.145" 39.330.88" 7.60+0.12F
28™ Days T3 16.77+0.28° 39.001.15 7.27+0.03°
T4 13.50+0.50" 42.00+0.58°" 6.20+0.06"
T1 21.83+0.19° 73.33+0.33° 10.89+0.02"®
Recovery T2 20.13+0.58F 55.67+0.88° 10.83+0.07°®
T3 19.77+0.245 63.00+1.15F 10.73+0.12°
T4 13.73+0.30" 44.33+0.88° 8.97+0.12°

Means + S.E with the same letters in the same column are not significantly different (p<0.05).

Moreover, acetyl-cholinesterase (AChE) was inhibited in all treated groups through the
different periods of exposure (P<0.05). It recovered in fish groups exposed previously to the
copper sulfate and jasper herbicide in separate, but was still impacted in those exposed to
the mixture (Fig. 3, b).
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Fig. 3: Recovery of plasma ALT, ALP and AChE in the Nile tilapia “O. niloticus”, previously
exposed to copper sulfate and jasper herbicide separately and in a mixture.
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Plasma uric acid and creatinine levels increased significantly (P<0.05) in all treated
groups and through the different exposure periods (Table 3). Additionally, the recovery of
the uric acid level was obtained in fish group treated with jasper herbicide alone
(2.75£0.01mg/dl). While, the creatinine was recovered in fish groups treated with copper
sulfate and jasper in separate, and was still highly impacted in fish exposed previously to
the mixture (1.27+ 0.01 mg/dl) (Fig. 4, a). Plasma albumin in fish exposed to copper sulfate
and jasper herbicide in separate or in mixture, decreased significantly (P<0. 05), and did not
recover, recording the lowest values in fish treated with the mixture (Table 3 & Fig. 4, b).

Table 3: Effect of chronic exposure of the Nile tilapia "O. niloticus" to copper sulfate and jasper
Herbicide, separately and in a mixture, on plasma uric acid, creatine and albumin.

Periods Treatments Uric acid Creatinine Albumin
(mg/dI) (mg/dI) (g/dI)
T1 2.74+0.03° 0.93+0.02° 3.27+0.0%
T2 3.47+0.04* 1.15+0.02° 2.93+0.018
4™ Day T3 3.47+0.01° 1.45+0.02% 2.63+0.01°¢
T4 3.43+0.02"® 1.25+0.02"8 2.21+0.01°
T1 2.68+0.02¢ 0.93+0.01° 3.33+0.01*
T2 3.53+0.074 1.25+0.02"8 2.10+0.07F
28" Days T3 3.13+0.03° 1.27+0.01° 2.28+0.02°
T4 3.23+0.077® 1.43+0.02* 2.05+0.02°F
T1 2.69+0.03¢ 0.93+0.02° 3.32+0.01*
Recover T2 3.21+0.33"® 0.90+0.02°F 3.01+0.06"°
y T3 2.75+0.01°¢ 0.87+0.01F 2.95+0.028
T4 3.53+0.01* 1.27+0.018 1.64+0.07"
Means + SE with the same letters in the same column are not significantly different (p<0.05).
4, a- Uric acid and creatinine 4, b- Albumine
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Fig. 4: Recovery of plasma, uric acid, creatinine and albumin of the Nile tilapia “O. niloticus”,
previously exposed to copper sulfate and jasper herbicide separately and in a mixture.
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DISCUSSION

Pollution forms a major threat to the life of all organisms and well-being of millions of
people worldwide. The most important toxic compounds of aquatic habitats are pesticides
and heavy metals (Khoshnood, 2017). Thus, the exposure of fish to these chemicals is
responsible for the great loss of a good source of animal proteins, because fish play the
major ecological role in the aquatic food chain; it acts as a key carrier of energy (Abed El-
Azizetal., 1997).

Most studies have considered solely the toxicity of chemicals in isolation, whereas in
the environment, organisms are exposed to a large number of different chemicals
simultaneously. The assumption of a mixture of toxicity, based on the individual component
data, can lead to a significant under/over estimation of the potential risk that a mixture may
present (Kelly et al., 2016).

Experimentally, the LCsp is used to classify the toxicity of any chemical as nontoxic
(LCsp > 100 mg/l), highly toxic (0.1>1 mg/l), moderately toxic (1>10 mg/l) and slightly
toxic (10>100 mg/l) (Choudhury, 2018). Accordingly, copper sulfate is considered slightly
toxic, while jasper herbicide is moderately toxic. In the present study, the 96h-LCs, of
copper sulfate (CuSO4.5H,0) and jasper herbicide decreased when applied in a mixture.
This means that when toxicity increases, the hazardous effects on fish will be increased.
Kelly et al. (2016) stated that, fish and their environment are exposed to a wide variety of
substances, and there is an increasing concern about the potential adverse effects of the
interactions between those substances when present simultaneously in a mixture. This is due
to the fact that some chemicals have a synergistic effect and would act jointly in a way that
the overall level of toxicity increases more than the effects of each component in the
mixture if applied singly. Kanu (2019) found that, the mixture of copper hydroxide and
glyphosate herbicide was slightly more toxic to C. gariepinus fingerlings than each
pesticide acting alone. The 96 h LCsg value of the pesticide mixture was lower than those of
the pesticide alone. It is likely that there was synergistic interaction between glyphosate and
copper hydroxide, which may have influenced the toxicity of relatively non-toxic copper
hydroxide fungicide. Kortenkamp et al. (2009) recorded that, the risk of individual
chemicals is less than the risk of a mixture of chemicals, thus understanding the effects of a
pesticide mixture is critical to the ecological risk assessment of pesticides.

Like any organism, fish have a defense mechanism by which they can prevent oxidative
stress. These defense mechanisms include antioxidant enzymes like; superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX). SOD transforms superoxide
anions into hydrogen peroxide, CAT decomposes hydrogen peroxide to molecular oxygen
and water, while GPX reduces both hydrogen peroxide and lipid hydro-peroxides
(Kopecka-Pilarczyk & Correia, 2009). The level of antioxidant enzymes have been
extensively used as an early warning indicator of pollution (Lin et al., 2001).

In this study, levels of these antioxidants in plasma decreased due to the toxicity of
copper sulfate and jasper separately and in mixtures. These findings agree with those of
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Nahas et al. (2016) and Abd-Allah et al. (2019).The decrease in these three antioxidants in
plasma may be attributed to the inhibition in their syntheses. Min and Ju-Chan (2008)
observed similar results and suggested that the O, radicals or their transformation to H,0,
may cause oxidation of cysteine in the enzyme which results in a decrease of SOD activity.
Moreover, excess production of ROS may inhibit the SOD activity (Manduzio et al., 2004;
Min & Ju-Chan, 2008). The inhibition of catalase activity may be due to the binding of
toxicants-SH groups of enzymes, increased H,O, and/or superoxide radical (Ruas et al.,
2008). In addition, they may move towards the injured tissues to protect them against
oxidation stress as previously found by Hemalatha et al. (2016), Abhijit and Poopal
(2016), Naz (2017) and Desai and Bhilave (2018) who recorded an increase of SOD,
CAT and GPX in different tissue organs of fish exposed to pesticides or inorganic
compounds. In the present study, the mixture of the two pollutants together has the highest
significant effect on fish than the single; this means that copper sulfate and jasper herbicide
have a synergistic effect when made jointly.

Malondialdehyde (MDA) measurement is used as the index of lipid peroxidation
(LPO) and provides a relative measure of the potential pollutants to cause oxidative injury
(Vlahogianni et al., 2007). The present investigation showed a general significant decrease
in plasma MDA levels in all treated groups on the 4™ and 28" day of exposure. Pollutants
stress cause oxidative injury due to lipid peroxidation and enzyme inactivation as previously
mentioned by (Valko et al., 2004). Also, the decrease in MDA may be due to disturbances
in the physiological state of fish and changes in energy demands due to the environmental
stress.

Measurement of transaminase (ALT) and alkaline phosphatase (ALP) activities in
blood plasma of fish can be used as a diagnostic tool in fish toxicology to identify their
general health status and target organs affected by toxicants as an indicator for pesticide
toxicity (Agrahari, 2007). The toxicity of the copper sulfate and jasper herbicide increased
the hepatic enzymes (ALT & ALP) activities after the 4™ day of exposure, and decreased
significantly after the 28™ day. The results of ALT and ALP indicate degenerative changes
and hypo-function of the liver as the toxicants effects on the hepatocytes in which cellular
enzymes are released into the blood through the 4™ day of exposure. After that, the
synthesis of these enzymes was inhibited due to liver damage leading to a decrease in
enzyme levels in the plasma. Farkas et al. (2004) attributed the disturbances in the ALT
and ALP enzymes to a variety of conditions, including hepatopancreatic injury that reflect
potential damage to parenchymal cells, muscle, intestinal and hepatic injury.

Notably, AChE is responsible for the rapid hydrolytic degradation of the
neurotransmitter acetylcholine into the inactive products of choline and acetic acid. The role
of AChE in cholinergic transmission is to regulate the nervous transmission by reducing the
concentration of acetylcholine in the junctions. If AChE is inactivated by any toxicant,
acetylcholine concentration will elevate in the junctions leading to continuous stimulation
of the muscle or nerve fiber resulting in tetany, paralysis or even death (Bocquene &
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Galgani, 1998). Insecticides are strong inhibitors of acetyl-cholinesterase. Furthermore,
inorganic chemicals like copper compounds show an inhibitory effect on the AChE activity
of common prawn, sole, and the dragonet (Olson & Christensen, 1980). Murat et al.,
(2006) and Eman et al. (2018) found that AChE activity was lowered due to the effect of
heavy metals and pesticides. The same trend was found in the present study, AChE was
inhibited due to the effect of sublethal concentrations of copper sulfate and jasper separately
and in a mixture through different periods of exposure.

The increase in renal parameters (uric acid & creatinine) may result from oxidative
damage (Prusty et al., 2011). These results agree with those of Sharafeldin et al. (2015),
who attributed the elevation of uric acid and creatinine to the disturbances in the kidney and
the necrosis of endothelial cells and renal homeopathic tissue. The reduction of total plasma
albumin could be attributed to the impairment of its synthesis in the damaged liver and/or
escaping from the impaired kidney. Similar results were recorded after exposing C.
gariepinus to the deltamethrin (Amin & Hashem, 2012).

After transferring the fish to the water completely free of copper sulfate and jasper, fish
try to regain their normal physiological state by returning the antioxidants, SOD and MDA
back to the normal.Unfortunately, this failed in fish previously exposed to the mixture. The
CAT and GPX increased compared to the control in all groups; this may be done to correct
the healthy status of the fish. The ALT, ALP AChE, uric acid, creatinine and albumin levels
were in a fish attempt to return normal. In contrast, the effect of the mixture of copper
sulfate and jasper herbicide was still noticed and may still be impacted for a long time
resulting in severe problems.

CONCLUSION

According to the evaluated 96h-LCs, it can be concluded that the toxicity of copper
sulfate and jasper herbicide in their mixture is higher than in separate. The activities and
expression levels of antioxidant enzymes and oxidative stress can be used as biomarkers to
evaluate the influence of copper sulfate, jasper herbicide and their mixture on the
biochemical pathway and enzymatic function in the Nile tilapia. Thus, this can be used for
biological monitoring of environmental contamination. Fish can regain their health status
and overcome the stress if transferred to clean water in a proper time, except those exposed
to a mixture of contaminants.
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