Table 1 Effects of individual and co-exposure of CuSO4 and CuO-NPs on plasma enzyme activity of O. niloticus 
	Parameter
	4-d


	21-d

	ALT activity (U/L)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	  18.21±0.48 a

  20.49±0.93 a

  31.15±0.74 b 

  34.28±0.53 b                 
	18.44±0.77 a

27.07±0.68 b

34.66±0.56 c

44.72±0.39 d

	

	AST activity (U/L)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	136±4.5 a
127±6.1 a

141±5.4 a
173±3.3 b
	128±5.6 a

169±3.9 b

197±6.1 c

213±5.2 c

	


	ALP activity (U/L)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	25.34±0.51 a
24.89±0.47 a

24.60±0.39 a
31.93±0.41 b
	24.79±0.63 a

33.21±0.70 b

34.59±0.66 b

36.05±0.39 b

	

	LDH activity (U/L)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	422±12 a
431±22 a

417±27 a
552±19 b
	429±18 a

558±11 b

573±23 b

581±17 b

	


Data are expressed as mean±standard error (n=6). Small letters (a, b, c and d) illustrate the differences between groups at the same time (p<0.05, SNK test). Cu-Mix: CuSO4+CuO-NPs

Table 2 Effects of individual and co-exposure of CuSO4 and CuO-NPs on plasma metabolite level of O. niloticus 
	Parameter
	4-d


	21-d

	Cortisol level (ng/dL)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	4.67±0.17 a

6.86±0.13 b

7.04±0.21 b
7.29±0.16 b
	4.78±0.11 a

6.16±0.22 b
6.20±0.19 b
6.77±0.34 b

	

	Glucose level (mg/dL)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	51.44±0.63 a

81.88±0.74 b

84.25±0.52 b
95.73±0.81 b
	53.61±0.71 a

75.18±0.46 b

76.09±0.84 b
98.57±0.84 c

	


	Cholesterol level (mg/dL)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	211±3.51 a

217±2.12 a

208±3.05 a
223±2.42 a
	205±4.63 a

221±5.27 a

214±2.71 a 

230±4.30 a 

	

	Total Protein level (g/dL)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	4.30±0.11 a

4.28±0.13 a

4.31±0.07 a
4.34±0.08 a
	4.33±0.08 a

3.40±0.06 b

3.28±0.15 b
3.17±0.10 b

	

	BUN level (mg/dL)                          

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	0.015±0.002 a

0.015±0.001 a

0.016±0.002 a
0.017±0.003 a
	0.014±0.002 ax

0.023±0.003 by
0.027±0.003 by

0.038±0.004 cy

	

	Creatinine level (mg/dL)

Control

0.05 mg/L CuSO4

0.05 mg/L CuO-NPs

0.05 mg/L Cu-Mix
	0.022±0.003 a

0.022±0.002 a

0.024±0.002 a
0.025±0.003 a
	0.023±0.002 a

0.035±0.002 b

0.038±0.003 b
0.057±0.002 c


Data are expressed as mean±standard error (n=6). Small letters (a, b, c and d) illustrate the differences between groups at the same time (p<0.05, SNK test). Cu-Mix: CuSO4+CuO-NPs

Table 3 Effects of individual and co-exposure of CuSO4 and CuO-NPs on tissue oxidative stress parameters of O. niloticus 

	      
	Liver
	
	
	Gill
	

	Parameter
	4-d
	21-d
	
	4-d
	21-d

	CAT activity (U/mg)
	
	
	
	
	

	Control
	470±13 a
	461±15 a
	
	165±6.8 a
	172±3.8 a

	0.05 mg/L CuSO4
	481±16 a
	285±20 b
	
	171±5.5 a
	129±4.4 b

	0.05 mg/L CuO-NPs
	493±21 a
	247±16 b
	
	166±4.7 a
	122±2.9 b

	0.05 mg/L Cu-Mix
	497±18 a
	241±21 b
	
	164±2.3 a
	  98±1.7 c



	SOD activity (U/mg)
	
	
	
	
	

	Control
	27.40±0.62 a
	27.98±0.43 a
	
	21.70±0.51 a
	21.95±0.44 a

	0.05 mg/L CuSO4
	27.89±0.54 a
	16.65±0.34 b
	
	20.97±0.34 a
	14.13±0.26 b

	0.05 mg/L CuO-NPs
	26.71±0.78 a
	16.24±0.59 b
	
	22.06±0.65 a
	13.60±0.51 b

	0.05 mg/L Cu-Mix
	28.22±0.83 a
	13.83±0.27 c
	
	21.14±0.49 a
	13.19±0.74 b



	GPX activity (U/mg)
	
	
	
	
	

	Control
	0.51±0.02 a
	0.52±0.04 a
	
	0.31±0.03 a
	0.30±0.02 a

	0.05 mg/L CuSO4
	0.36±0.04 b
	0.50±0.04 a
	
	0.30±0.03 a
	0.34±0.04 a

	0.05 mg/L CuO-NPs
	0.31±0.03 b
	0.48±0.05 a
	
	0.33±0.02 a
	0.31±0.02 a

	0.05 mg/L Cu-Mix
	0.29±0.04 b
	0.47±0.03 a
	
	0.31±0.03 a
	0.35±0.04 a



	GR activity (U/mg)
	
	
	
	
	

	Control
	0.081±0.003 a
	0.085±0.004 a
	
	0.035±0.002 a
	0.034±0.003 a

	0.05 mg/L CuSO4
	0.104±0.004 b
	0.064±0.005 b
	
	0.045±0.003 b
	0.033±0.002 a

	0.05 mg/L CuO-NPs
	0.108±0.003 b
	0.063±0.003 b
	
	0.047±0.002 b
	0.030±0.005 a

	0.05 mg/L Cu-Mix
	0.133±0.002 c
	0.058±0.004 b
	
	0.051±0.004 b
	0.029±0.003 a



	GST activity (U/mg)
	
	
	
	
	

	Control
	29.18±0.84 a
	31.41±0.64 a
	
	14.76±0.57 a
	15.28±0.63 a

	0.05 mg/L CuSO4
	37.14±0.69 b
	24.49±0.33 b
	
	18.61±0.73 b
	14.91±0.49 a

	0.05 mg/L CuO-NPs
	44.85±0.51 c
	23.55±0.48 b
	
	18.89±0.89 b
	15.13±0.54 a

	0.05 mg/L Cu-Mix
	47.29±0.77 c
	17.91±0.21 c
	
	23.04±0.61 c
	14.77±0.42 a



	GSH level (µmol/mg)
	
	
	
	
	

	Control
	2.61±0.14 a
	2.72±0.18 a
	
	1.49±0.05 a
	1.54±0.04 a

	0.05 mg/L CuSO4
	3.40±0.23 b
	2.08±0.15 b
	
	1.85±0.04 b
	1.23±0.03 b

	0.05 mg/L CuO-NPs
	3.52±0.19 b
	1.65±0.22 c
	
	1.96±0.05 b
	1.22±0.03 b

	0.05 mg/L Cu-Mix
	4.16±0.17 c
	1.51±0.13 c
	
	1.99±0.06 b
	1.17±0.02 c



	MDA level (nmol/mg)
	
	
	
	
	

	Control
	2.11±0.03 a
	2.04±0.03 a
	
	1.73±0.02 a
	1.74±0.03 a

	0.05 mg/L CuSO4
	2.06±0.02 a
	2.89±0.04 b
	
	1.75±0.03 a
	2.13±0.02 b

	0.05 mg/L CuO-NPs
	2.07±0.04 a
	2.97±0.03 b
	
	1.72±0.02 a
	2.22±0.04 b

	0.05 mg/L Cu-Mix
	2.05±0.03 a
	3.58±0.02 c
	
	1.71±0.03 a
	2.32±0.03 b


Data are expressed as mean±standard error (n=6). Small letters (a, b, c and d) illustrate the differences between groups at the same time (p<0.05, SNK test). Cu-Mix: CuSO4+CuO-NPs
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