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Introduction
Fish was used as a bioindicators for the detection pollution of the 

aquatic environment [1]. Fish occupies the top of food chain and is the 
main source of protein without fats to keep people fit. Heavy metals 
transfer by water through fish causing diseases for consumers [2]. 
Nile tilapia is the most important and promising aquaculture fish species 
in Egypt, representing more than 80% of total tilapias production [3]. 
Egypt ranked the second in cultured tilapia's production directly after 
China [4]. Now, Oreochromis niloticus is the main cultured fish species 
in Egypt [5]. Tilapia species are a very important group of cultured fish 
for many causes as fast growth, adaptation with the least quality of water 
and salinity [6], Handling, food conversion, disease resistance and good 
consumer taste [7].

Bio-accumulation of heavy metals in aquatic organisms led to 
a strong threat to health [8]. Heavy metals from industries disturb 
the aquatic environment [9]. Laboratory and field studies illustrated 
that accumulation of heavy metals in tissues should depends on 
concentrations of metals, period of exposure and some environmental 
factors such as temperature of water, dissolved oxygen concentration, 
hydrogen ion concentration, hardness, salinity, alkalinity and dissolved 
organic carbon [10]. Cadmium is absorbed directly by organisms from 
water and accumulate in tissues of liver, stomach and gills of fish causing 
pathological changes [11].

Glyphosate, [N-(phosphoromethyl) glycine], is an herbicide used in 
agriculture to eliminate the growth of grasses, sedges and woodyshrubs 
[12]. It is used to eliminate aquatic weeds which, spread in the water of 
fish ponds, lakes and canals [13]. It is considered the most developed 
herbicide all over the world [14]. Glyphosate only has low toxic effect 
on aquatic organisms but commercial Roundup® has a more toxic effect 
due to the addition of polyoxyethylene amine (POEA) to its formulation 

[15]. POEA is responsible for ROS generation in freshwater fish Channa 
punctatus [16]. Glyphosate spreads in aquatic environment due to the 
crops along the water bodies. Thus, fish is considered as a bio-indicators 
for contamination with herbicide [17]. 

Oxidative stress means the difference between level of ROS 
“Reactive Oxygen Species” and the defensive ability of living organisms 
[18]. Antioxidants are chemical compounds contain monohydroxy and 
polyhydroxy phenol. They perform slow down the lipid peroxidation 
[19]. Herbicides led to damage the membrane lipids peroxidation 
causing injury and death of the cell [20]. Oxidation of polyunsaturated 
fatty acids is an important physiological process in cellular maturity 
called lipid peroxidation [21]. And lipid mobilization [22]. Xenobiotics 
caused cellular membrane damage as lipid peroxidation (LPO) [23]. 
Thus, LPO is considered as a bioindicator of oxidative damage of cellular 
components and ROS production cause oxidative damage for lipids and 
proteins [24]. Catalase is the most active antioxidant defence enzymes 
due to its easily combination with SOD and other H2O2 producers. So, 
activity of CAT was analyzed in liver tissues of fish either by gel activity 
staining method or spectrophotometric biochemical method [25]. The 
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Abstract
The present study was undertaken to evaluate the effects of cadmium chloride and commercial formulation 

of glyphosate (Roundup®) on oxidative stress biomarkers in the Nile tilapia, Oreochromis niloticus through three 
exposure periods with different concentrations of LC50. The 96h-LC50 were determined for CdCl2 (132 mg/l), 
glyphosate (9.63 mg/l), CdCl2 in mixture (41.30 mg/l) and glyphosate in mixture (2.75 mg/l), respectively. The fish 
was exposed to these concentrations separately and mixed for 4 days as well as two sublethal concentrations 
(1/4 and 1/10 LC50) for 8 days and 45 days, respectively. Gills and liver cells of the exposed fish were taken after 
4, 8 and 45 days to investigate the variation in activity of lipid peroxidation malonaldehyde (MDA) and antioxidant 
enzymes of catalase (CAT), superoxide dismutase (SOD), glutathione-S-transferase (GST) and reduced glutathione 
(GSH). Where, in gills activity levels of SOD decreased after 4, 8 days in all treatments due to high concentration 
of pollutants but increased after 45 days in glyphosate and cadmium due to low oxidative stress and decreased in 
mixture. Also, in the liver activity of SOD decreased in glyphosate and cadmium and increased in mixture in periods 
4, 8 days but, increased in 45 days in glyphosate and mixture and decreased in cadmium due to its toxicity. The 
activity of CAT decreased in gills and liver after 4 days but increased after 8, 45 days due to low concentration of 
contaminants. The activity of GST increased in gills and liver after 4, 8 days but decreased in liver after 45 days. The 
activity of GSH reduced in gills and liver in all treatments after all periods due to strong oxidative stress. MDA level 
increased as a marker of oxidative in gills and liver in all treatments after all periods. 
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activity of CAT high in almost all tissues, when compared with controls 
[26].

Superoxide dismutase is responsible for the dismutation of the 
superoxide anion radical to H2O2. Exposition of liver to pesticides 
or heavy metals led to inhibition activity of these enzymes [27]. 
Glutathione-S-transferase (GST) is an important enzyme to reduce 
glutathione and protect the cell against the effects of xenobiotics 
[28]. Xenobiotics, such as glyphosate induce redox cycling causing 
oxidative damage [29]. GST acts as catalytic agent in biotransformation 
process by conjugation of metabolites, as xenobiotic metabolites. 
Then, lipoperoxidation products with GSH convert toxic compound 
into other with low toxicity. Reduced glutathione (GSH) is considered 
as Non-enzymatic antioxidant in the cell and is a cofactor for the 
mechanism of GST and GPx [30]. Similarly, Shalaby et al., [31] showed 
that the biochemical changes in Nile tilapia after exposure glyphosate 
herbicide. The present study to evaluate the effects of CdCl2, glyphosate 
and their mixture on antioxidants as biomarkers in the Nile tilapia.

Materials and Methods 
Determination of lethal concentration LC50 through experi-
ments

The freshwater fish Nile tilapia (Oreochromis niloticus) fingerlings 
were collected from a local farm of “Central Laboratory for Aquaculture 
Research”, Abo-Hammad, Sharkia, Egypt. The weight and the length 
were measured and scored of 32.0 ± 3.0g and 13.0 ± 2.0cm, respectively. 
Acclimatized fish were distributed in small aquaria to determine the 
96h-LC50 by OECD [32] and calculated by Weil [33]. The 96h-LC50 
were determined for CdCl2 (132 mg/l), glyphosate (9.63 mg/l), CdCl2 in 
mixture (41.30 mg/l) and glyphosate in mixture (2.75 mg/l), respectively 
were used in the first experiment. Second experiment used 1/4LC50 in 
8 days and 1/10LC50 was used in 45 days through the third experiment. 
Three replicates were used for each experiment, as well as control. 

The physicochemical parameters of experimental water

The physicochemical parameters of the water used during the 
experiment were: temperature 24-27°C, pH 7.81–7.89, nitrite 0.081–
0.242 mg/l, orthophosphate 0.042–0.17 mg/l, total ammonia 0.2–0.4 
mg/l, dissolved oxygen concentration ranged from 7.3 to 7.8 mg/l, 
while total hardness ranged from 190 to 206 mg/l and total alkalinity 
ranged from 75 to 165 mg/l as CaCO3. But the concentration of heavy 
metal in water was measured by atomic absorption apparatus such as 
Cu, Cd, Zn, Mn, Pb and Fe were 0.027 mg/l, 0.00 mg/l, 0.111 mg/l, 0.083 
mg/l, 0.00 mg/l and 1.775 mg/l respectively. Where these results ​​were 
within permissible limits.

Determination of oxidative parameters activity

Samples preparation: Fish homogenized with Teflon tissues. 
Homogenizing tissues on ice ensure that tissue remains cold. Fish 
sample liver and gills were homogenized in 10vol. (w/v) of ice cold 
50mM potassium–phosphate buffer (homogenization buffer pH 7.4) 
with a stable number of strokes and centrifuged at 10000 rpm for 20 
min. at 4°C to obtain the supernatant for oxidative stress markers (SOD; 
MDA; GSH; GST and CAT). 

Catalase activity in tissues: Catalase activity (CAT) in liver 
and gills tissues was determined according to the method of Aebi 
[34] in which the disappearance of hydrogen peroxide is followed 
spectrophotometrically at 240 nm where, the enzyme catalyzes the 
decomposition of H2O2 into water and oxygen. 

Superoxide dismutase activity in tissue: Superoxidedismutase 
(SOD) was determined according to the method of Marklund SL and 
Marklund G [35]. The method depends on the spontaneous auto-
oxidation of pyrogallol at alkaline pH, and the production of superoxide 
anion radical O2-. This enhances auto-oxidation of pyrogallol. Auto-
oxidation is manifested by an increase in absorbance at 420 nm. The 
presence of SOD in the reaction medium leads to the removal of O2-. 

Determination of reduced glutathione: Reduced glutathione 
(GSH) was determined according to the method described by Beutler 
et al. [36] depends on the fact that both protein and non-protein SH-
group (mainly GSH) react with Ellman's reagent [5, 5'-dithiobis (2 
nitrobenzoic acid)] (DTNB) to form a stable yellow color of 5-mercapto-
2-nitrobenzoic acid, which can be measured calorimetrically at 412nm.

Determination of glutathione S-transferase activity: The 
glutathione S-transferase activity was assayed spectrophotometrically 
using the method of Habig et al. [37] which is based on the measure 
of yellow color developed as a result of the conjugation of 1-choloro-2, 
4-dinitrobenzen; (CDNB) with GSH at 340nm. 

Determination of lipid peroxidation (MDA): Lipid peroxidation 
was assayed by the colorimetric method adopted by Ohkawa  et al. [38]. 
This method defends on the reaction of lipid peroxides in liver and 
gill tissues with thiobarbituric acid at the optimum pH (3.5) at 95°C 
heating for 60 min. the produced red pigment then, estimated by the 
absorbance at 532 nm.

Statistical analysis

The experimental data were processed with SPSS 15.0 statistical 
software. One-way ANOVA (analysis of variance) was performed to 
estimate the differences between control and exposure fish to glyphosate 
or cadmium chloride and mixture. All data are presented as Mean ± 
S.E. (standard error of the mean). Statistically significant difference was 
set as p<0.05 [39].

Results and Discussion
Aquatic contamination by pesticides and heavy metals led to 

hazard effects on the growth, survival, reproduction of aquatic animals 
and cause mortality of fish in streams, lakes and ponds all over the 
world. Production of ROS can cause oxidative damage [40]. ROS 
can attack lipids, proteins and DNA in living cells led to disturbance 
in physiological cell processes [41,42]. So, data presented in Table 1 
indicate that the effect of 96 h-LC50 of glyphosate, CdCl2 and mixture 
treatments on the activity of antioxidant enzymes due to oxidative 
stress on gills and liver of Oreochromis niloticus after 4 days. 

Data of oxidative parameters for gills at short time of exposure 4 days 
with high concentration 96h-LC50 showed significantly reduced activity 
of SOD and CAT in mixture treatment followed by glyphosate and 
CdCl2, respectively. High reduction activity of mixture treatment due to 
occurrence antagonistic effect between CdCl2 and glyphosate causing 
high oxidative stress. Reduction activity of glyphosate and CdCl2 due to 
short time exposure. Activity increased of GST in glyphosate treatment 
due to substance of POEA which added to glyphosate which causing 
oxidative stress but, nearly no significance in treatment of cadmium 
and mixture due to low oxidative stress. Also, no significance activity of 
GSH in all treatments due to short time of exposure. Activity of MDA 
significantly increased in glyphosate treatment followed by mixture and 
CdCl2 due to high oxidative stress where, oxidative stress of glyphosate 
due to high toxicity of emulsifier surfactant substance loaded but, in 
the case of mixture due to occurrence synergistic effect between CdCl2 
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Tissues
                                                    Exposure period (96 hrs) 4 days with LC50

Oxidative stress 
treatments

Enzymatic & non-enzymatic antioxidants (Mean ± S.E)
SOD CAT GST GSH MDA

Gills

Control 74.34 ± 1.95b,d  22.88 ± 0.58b,c,d              18.06 ± 0.22b 87.50 ± 0.94 61.08 ± 0.29b,c,d

Glyphosate 58.54 ± 1.66a,c

     21% ↓
15.79 ± 0.28a,c

     31% ↓
22.912 ± 1.91a,c,d

      27% ↑
87.5 ± 0.94
    0.04% ↑

105.5 ± 2.21a,c,d

       73% ↑

Cadmium 68.10 ± 3.59b, d

    8%↓
19.66 ± 0.89a,b,d

       14% ↓
18.518 ± 0.63b

     2% ↑
87.03 ± 0.52

    0.5% ↓
77.47 ± 1.69a,b,d

       27% ↑

Mixture 55.99 ± 0.62a,c

     25%↓
15.43 ± 1.12a,c

     32% ↓
17.59 ± 1.29b

    3% ↓
86.02 ± 0.79

     2% ↓
84.94 ± 3.47a,b,c

      39% ↑

Liver

Control 72.46 ± 1.73b,c 65.91 ± 4.24d
48.37 ± 3.11b,c,d  95.55 ± 0.23b,c,d 55.22 ± 2.48b,c,d

Glyphosate 52.47 ± 1.43a,c,d

      27% ↓
63.25 ± 1.88d

      4% ↓
81.48 ± 2.22a,c,d

     67% ↑
93.33 ± 0.38a,c

     2% ↓
71.65 ± 6.42a,c,d

      30% ↑

Cadmium 45.50 ± 2.46a,b,d

     37% ↓
58.54 ± 1.35

     11% ↓
104.5 ± 5.58a,b,d

      114% ↑
91.85 ± 0.41a,b.d

     4% ↓
92.58 ± 3.04a,b

     68% ↑

Mixture 73.03 ± 1.97b,c

     1% ↑
55.04 ± 1.12a,b

      16% ↓
62.19 ± 1.49a,b,c

      28% ↑
93.43 ± 0.10a,c

     2% ↓
86.51 ± 2.67a,b

      57% ↑
Means ± S.E with the same letters in the same column are not significantly different (p>0.05).
The arrows indicate an increase in activity % ↑ or decrease in activity % ↓ compared to control.
(a, b, c, d: Significance comparing with control, glyphosate, cadmium and mixture respectively).

Table 1: Mean ± S.E of antioxidative parameters (SOD, CAT, GST, GSH and MDA) in gills and liver tissues of Nile tilapia after 4 days exposure to applied pollutants.

and glyphosate herbicide also, activity of cadmium increased due to its 
high toxicity.

But, data of oxidative parameters for liver after short time of 
exposure 4 days with high concentration 96h-LC50 showed significantly 
reduced activity of SOD, CAT and GSH in CdCl2 treatment followed by 
glyphosate and mixture, respectively. Where, reduction activity due to 
short time of exposure and liver cells take long time to store toxicants. 
Activity of GST and MDA significantly increased in CdCl2 treatment 
followed by glyphosate and mixture where, elevated activity due to high 
concentration of pollutants which represent LC50. 

Many studies through exposure period of 4 days to pollutants gave 
similar results to the result of this study such as inhibition activity of 
GST was observed in goldfish exposed for 96 hrs to Roundup® [43]. 
Also, significant reduction in serum GSH, increase in SOD, MDA of 
Nile tilapia via exposure period 96h-LC50 concentration [44]. Gills of 
Labeo rohita exposed to 33.6, 67.1, and 100.6 mg/l of cadmium chloride 
at 96 hrs led to oxidative stress where activity of LPO increased in all 
treated groups but in case of catalase decreased [45]. CAT activity has 
been inhibited in fish species exposed to pesticides such as deltamethrin 
[23].

Although the activity of CAT increase in liver occurred in response 
to increased levels of ROS [46]. The increasing of catalase and lipid 
peroxidation activity in gills by using 116μg/L of Roundup® but the 
decreasing of superoxide dismutase activity in liver after 3 days of 
exposure of Anguilla anguilla fish [47].

Also, CAT and SOD activity increased significantly in muscle and 
brain tissues after exposure to different concentrations of Cd for 96 hrs 
compared with control [48]. After 96 hrs of exposure of Oreochromis 
mossambicus to endosulfan activities of CAT, SOD and GST in gill and 
liver cells showed significant increase in activity of all the three enzymes 
[49]. Also, exposed liver, kidney and gill cells of Oreochromis niloticus 
to 1/2 and 1/3 median lethal concentration (96 hrs-LC50) of di-n-butyl 
phthalate (DBP) through the period of 4 days showed that significant 
increase in activity of MDA and inhibition of SOD activity and GSH 
level in the group that was exposed to higher concentration of DBP 
[50].

So, data presented in Table 2 indicate that the effect of 1/4LC50 of 
glyphosate, CdCl2 and mixture treatment on the activity of antioxidant 
enzymes is due to oxidative stress on gills and liver of Oreochromis 
niloticus after 8 days. Data of oxidative parameters for gills at moderate 
time of exposure 8 days with little high concentration 1/4LC50 showed 
significantly reduced activity of SOD in CdCl2 treatment followed by 
glyphosate and mixture, respectively. High reduction activity of SOD 
in CdCl2 treatment is because that gills don’t keep sufficient amount 
of CdCl2 which can cause oxidative stress. Reduction activity of CAT 
of glyphosate treatment is due oxidative stress was not very strong 
but, activity of CAT increased in treatment of mixture and CdCl2 is 
due to strong oxidative stress. Activity of GST and GSH nearly was 
not significant otherwise, activity of GST significantly increased in 
mixture treatment due to presence of synergistic effect between CdCl2 
and glyphosate which caused strong oxidative stress. Also, the little 
increasing of activity of GST in CdCl2 was because of cadmium is non-
essential element causes oxidative stress. Also, elevated activity of MDA 
in all treatments is due to quite long exposure period. 

But data of oxidative parameters for liver at moderate time of 
exposure 8 days with rather high concentration 1/4LC50 showed 
significantly reduced activity of SOD, CAT and GSH in CdCl2 treatment 
followed by glyphosate and mixture, respectively. Where, reduction 
activity causing by the time of exposure considered short and oxidative 
stress altered gene expression of these antioxidant enzymes. But SOD 
activity significantly increased in mixture treatment is due to the 
synergistic effect between CdCl2 and glyphosate which caused strong 
oxidative stress. Activity of GST and MDA significantly increased in 
glyphosate treatment followed by CdCl2 and mixture. Where, elevated 
activity due to high concentration of pollutants which represent 1/4LC50 
and moderate exposure period.

Also, many studies illustrated that Oxidative stress in exposed gills 
of Nile tilapia to two types of glyphosate formulations through 3, 7, 14 
days show increase activity of MDA but activity of SOD, CAT, GSH 
and GST decrease but in liver show increase activity of MDA and CAT 
but SOD, GSH and GST decrease [51]. Fish species which exposed to 
cadmium show variation of GSH activity due to the exposure period 
and the type of pollutant. Also, increasing and decreasing in GSH 
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activity have been observed, depending on field and experimental 
conditions [52,53]. Thus, SOD and CAT levels changed in all tissues of 
fresh water fish Grass Carp, Ctenopharyngodon Idella after the exposed 
period 10 and 15 days with 1/10th (96 hrs of LC50) of chlorantraniliprole. 
Superoxide dismutase (SOD) and Catalase (CAT) levels changed in all 
tissues, when compared to control groups at sublethal concentration 
[54]. Glutathione reductase was significantly increased in liver cells 
of juvenile brown trout exposed to glyphosate and Roundup for 14 
days [55]. Oxidative stress specially SODS and CAT in liver tissues of 
Nile tilapia exposed to CdCl2 for 15 days showed activity significantly 
increased [56]. The results of actual study differ from some studies where 
SOD activity significantly increased in gills and liver. CAT activity is 
little in liver and there was not any alteration in gills. MDA activity had 
no alterations in gills and reduced in liver compared to control of Nile 
tilapia exposed to parabens after 12 days [57]. Oxidative stress showed 
activity reduction of SOD and CAT but significant increasing of MDA 
in liver tissues of Nile tilapia which exposed to pendimethalin after 
28 days [58]. So, data presented in Table 3 indicate that the effect of 

1/10LC50 of glyphosate, CdCl2 and mixture treatment on the activity of 
antioxidant enzymes is due to oxidative stress on gills and liver tissues 
of Oreochromis niloticus after 45 days. Data of oxidative parameters for 
gills at long time of exposure 45 days with low concentration 1/10LC50 
showed significantly increased activity of SOD in CdCl2 more than 
glyphosate treatment because of high toxicity of cadmium but happened 
very simple reduction activity in mixture treatment where, occurrence 
start of antagonistic effect between of CdCl2 and glyphosate treatment. 
Significantly increased activity of CAT and MDA in glyphosate followed 
by mixture and CdCl2 treatment due to the long of exposure period 
and took place high synergistic effect between CdCl2 and glyphosate 
herbicide. Activity increased of GST in CdCl2 is due to its high toxicity 
and in glyphosate due to its formulation. But, reduction activity of GST 
in mixture treatment is due to occurrence of antagonistic effect between 
CdCl2 and glyphosate. Reduction activity of GSH in glyphosate, CdCl2 
and mixture treatment nearly with equal portions causing by the low 
concentration of pollutants.

Tissues
Exposure period (192 hrs) 8 days with 1/4LC50

Oxidative stress 
treatments

Enzymatic & non-enzymatic antioxidants Mean ± S.E)
SOD CAT GST GSH MDA

Gills

Control 74.34 ± 1.95b,c,d

      22.88 ± 0.58b,c,d    18.06 ± 0.22d  87.50 ± 0.94b 61.08 ± 0.29b,c,d

    

Glyphosate 59.92 ± 2.58a,c

      19% ↓
12.02 ± 0.83a,c,d

       47% ↓
18.05 ± 0.44d

     0.05% ↓
84.91 ± 0.36a,c,d

        3% ↓
78.32 ± 2.82a,d

       28% ↑

Cadmium 49.81 ± 1.89a,b,d

       33% ↓
28.70 ± 2.27a,b,d

       25% ↑
19.44 ± 0.37d

       8% ↑
87.51 ± 0.18b

     0.01% ↑
77.57 ± 1.64a,d

      27% ↑

Mixture 63.59 ± 1.31a,c

       14% ↓
38.86 ± 2.92a,b,c

       70% ↑
21.67 ± 0.77a,b,c

       20% ↑
87.41 ± 0.56b

     0.01% ↓
71.20 ± 1.10a,b,c

       16% ↑

Liver

Control 72.46 ± 1.73d  
   65.91 ± 4.24c,d     48.372 ± 3.1b,c,d     95.55 ± 0.23b,c,d 55.22 ± 2.48b,c,d

    

Glyphosate 71.57 ± 1.37d

         1% ↓
72.67 ± 1.41c,d

       10% ↑
72.68 ± 1.93a,c,d

        49% ↑
90.37 ± 0.99a

        5% ↓
92.02 ± 1.68a,d

     67% ↑

Cadmium 72.09 ± 1.33d

     0.5% ↓
51.21 ± 2.29a,b

       22% ↓
65.74 ± 0.87a,b,d

        35% ↑
88.70 ± 0.13a

      7% ↓
88.67 ± 2.41a,d

      60% ↑

Mixture 84.18 ± 1.45a,b,c

      16% ↑
55.69 ± 1.97a,b

        15% ↓
59.33 ± 1.31a,b,c

       22% ↑
88.79 ± 0.56a

       7% ↓
76.05 ± 1.71a,b,c

      38% ↑

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

Table 2: Mean ± S.E of antioxidative parameters (SOD, CAT, GST, GSH and MDA) in gills and liver tissues of Nile tilapia after 8 days exposure to applied pollutants.   

Tissues
Exposure period 45 days with 1/10LC50

Oxidative stress 
treatments

Enzymatic & Non-Enzymatic Antioxidants (Mean ± S.E)
SOD CAT GST GSH MDA

Gills

Control 74.34 ± 1.95c   22.88 ± 0.58b,c,d 18.06 ± 0.22b,c,d    87.50±0.94b,c,d    61.08 ± 0.29b,c,d

  

Glyphosate 77.21 ± 4.59 
      4% ↑

43.73 ± 1.38a,c,d

      91% ↑
26.12 ± 2.31a,c,d

      45% ↑
73.05 ± 1.73a

      16% ↓
77.06 ± 2.37a

      26% ↑

Cadmium 85.76 ± 1.56a,d

      15% ↑
36.89 ± 0.86a,b

      61% ↑
39.53 ± 2.16a,b,d

      119% ↑
69.60 ± 1.08a

       20% ↓
73.16 ± 3.50a

     20% ↑

Mixture 73.52 ± 3.22c

      1% ↓
38.05 ± 0.81a,b

       66% ↑
10.74 ± 1.10a,b,c

        40% ↓
69.83 ± 1.69a

      20% ↓
80.07 ± 6.08a

      31% ↑

Liver

Control 72.46 ± 1.73b,c    65.91 ± 4.24 48.372 ± 3.1b,c    95.55 ± 0.23b,c,d 55.22 ± 2.48d

Glyphosate 102.9 ± 1.06a,c,d

       42% ↑
71.97±  1.60c,d

        9% ↑
30.49 ± 1.05a,d

     37% ↓
78.91 ± 1.95a,c,d

      17% ↓
63.41 ± 0.44d

     15% ↑

Cadmium 47.45 ± 2.20a,b,d

        34% ↓
59.04 ± 2.02b

       10% ↓
27.39 ± 1.59a,d

       44% ↓
69.25 ± 1.79a,b,d

     27% ↓
62.90 ± 5.11d

     14% ↑

Mixture 75.62 ± 1.92b,c

       4% ↑
58.62 ± 2.56b

      11% ↓
43.57 ± 1.51b,c

      10% ↓
63.87 ± 0.89a,b,c

       33% ↓
76.61 ± 2.59a,b,c

      39% ↑
Means ± S.E with the same letters in the same column are not significantly different (p>0.05).
The arrows indicate an increase in activity % ↑ or decrease in activity % ↓ compared to control.
(a, b, c, d: Significance comparing with control, glyphosate, cadmium and mixture respectively).

Table 3: Mean ± S.E of antioxidative parameters (SOD, CAT, GST, GSH and MDA) in gills and liver tissues of Nile tilapia after 45 days exposure to applied pollutants.
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But, data of oxidative parameters for liver at long time of exposure 
45 days with high concentration 1/10LC50 showed significantly reduced 
activity of SOD in CdCl2 treatment where, liver performing storage 
of Cd element causing oxidative stress led to reduced activity. But, 
increased activity of SOD in glyphosate treatment is because of POEA 
formulation causing high oxidative stress and in mixture treatment 
is due to start of synergistic effect between CdCl2 and glyphosate 
herbicide. Significantly reduced activity of CAT, GST and GSH in all 
treatments is due to liver could store sufficient amount of pollutants 
causing strong oxidative stress cause reduction of activity. But simple 
significantly increased of CAT in glyphosate treatment due to long 
exposure period and low oxidative stress. Activity increased of MDA in 
mixture followed by glyphosate and cadmium due to low concentration 
of pollutants. 

These results are similar to Rathnamma and Nagaraju [59] 
where, increasing the exposure period and toxicant concentration of 
chlorantraniliprole led to increase in SOD and CAT in all tissues of 
exposed freshwater fish Ctenopharyngodon Idella compared to control 
fish. In addition to the activity of GST decreased in liver of Nile tilapia 
exposed to glyphosate-based herbicide formulation of POEA which act 
as an oxidizing agent inhibiting activity of GST [60]. Oxidative stress 
on gills and liver of Nile tilapia exposed to cadmium (5 mg/liter water) 
through periods of 7, 21, 42 days showed that there are no significant 
changes of reduced glutathione in liver cells at 7 days of exposure and 
increased at 21 and 42 days but in gills, GSH levels no significantly at 
all periods. GST significantly increased in liver cells at 7, 21and 42 days 
but in gills, there was no significantly at all periods, also CAT activity in 
liver was no significant at 7 and 21 days of exposure period compared 
with the control. However, CAT activity increased significantly at 
42 days of exposure period but in gills, were no significantly at all 
experimental periods. MDA activity in liver was significantly increased 
at all experimental periods but in gills, was significantly increased 
at 42 days only [61]. Exposed liver cells of Oreochromis niloticus to 
diclofenac (DCF) for 30 days showed activity of CAT inhibited, GSH 
level decreased and the increase in the activities of SOD and GST 
[62]. Results of actual study are different from other studies where 
serum malondialdehyde (MDA) activity was significantly reduced 
while activity of glutathione reductase significantly increased and no 
significant for CAT, SOD activity compared to control of Nile tilapia 
after 56 days [63]. N-acetyl cysteine (NAC) caused decreasing activity 
of MDA in liver, increasing activity of GST in plasma and activity of 
SOD increased in liver of Oreochromis niloticus after 8 weeks [64].

Conclusion
From the results it can be concluded that the activities and 

expression levels of antioxidant enzymes and oxidative stress can be 
used as biomarkers to evaluate the influence of CdCl2, glyphosate and 
their mixture on the biochemical pathway and enzymatic function in 
Nile tilapia that can be used for biological monitoring of environmental 
contamination.
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