	Groups
	Liver weight 
	Kidneys weight  

	
	Absolute (g)
	Relative weight (g/100 g)
	Absolute weight (g)
	Relative weight (g/100 g)

	I
	7.82± 0.54
	3.04 ±  .07
	1.79± 0.20
	      0.68  ± 0.03ab

	II
	6.62± 0.35
	2.79  ± 0.18
	1.67± 0.08
	0.70  ± 0.02ab

	III
	5.92± 0.32
	2.81  ± 0.15
	1.56± 0.10
	0.70  ±  0.02ab

	IV
	6.77 ± 0.33
	2.89  ± 0.13
	1.82± 0.04
	0.77  ±  0.01ab

	V
	6.44 ± 0.38
	3.18  ± 0.11
	1.64 ± 0.05
	0.81 ±  0.04b

	VI
	7.15 ± 0.42
	2.62  ± 0.07
	1.80± 0.09
	0.66 ±  0.02a

	VII
	6.18± 0.29
	2.92  ± 0.04
	1.53± 0.05
	0.72 ±  0.02ab

	VIII
	7.91 ± 0.37
	3.18  ± 0.14
	1.87 ± 0.12
	0.75 ±  0.04ab

	IX
	6.90 ± 0.43
	3.07 ± 0.24
	1.66 ± 0.05
	0.73 ±  0.02ab


· Table 1:  Effect of α-tocopherol on absolute and relative weight of liver and kidneys in copper and flubendiamide alone and combined- treated rats.
· I: control group, II: vehicle control (corn oil), III: copper-treated with 33 mg/kg, IV: flubendiamide- treated (200 mg/kg), V: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg), VI: α-tocopherol treated group (100 mg/kg), VII: group treated with copper (33 mg/kg) +  α-tocopherol (100 mg/kg), VIII: group treated with flubendiamide (200 mg/kg) + α-tocopherol (100 mg/kg) and IX: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg) +  α-tocopherol (100 mg/kg.
· Values (mean ± SEM; n=6) bearing different superscripts in the same column differed significantly (P<0.05)



	Groups
	Total protein
(g/dl)
	Albumin
(g/dl)
	Globulin (g/dl)
	Total
bilirubin* (mg/dl)
	Direct
bilirubin* (mg/dl)
	AST (U/L)
	ALT (U/L)
	AST/ALT
ratio

	I
	8.08 ±
0.14a
	4.71 ±
0.16a
	3.36 ±
0.15a
	0.41 ± 0.01a
	0.15± 0.02a
	83.61 ±
3.43a
	45.34 ±
1.93a
	1.84 : 1

	II
	8.08 ±
0.64a
	5.06 ±
0.19a
	3.02 ±
0.64a
	0.46 ± 0.03a
	0.12 ± 0.00a
	92.94 ±
3.28ab
	32.72 ±
0.70a
	2.84 : 1

	III
	8.31 ±
0.83a
	4.87 ±
0.44a
	3.44±
0.64a
	0.49 ± 0.03a

	0.21 ± 0.05a

	131.29 ±
2.57d

	41.20 ±
2.04a
	3.18 : 1

	IV
	8.05 ±
0.61a
	4.77 ±
0.22a
	3.29 ±
0.66a
	0.73 ± 0.10b

	0.49± 0.18b

	105.51 ±
2.22bc

	46.10±
5.14a
	2.28 : 1

	V
	8.19 ±
0.52a
	6.16 ±
0.48a
	2.03 ±
0.71a

	0.46 ± 0.02a
	0.17 ± 0.01a
	112.71 ±
2.38c

	38.54±
0.84a
	2.92 : 1

	VI
	9.05±
0.62a
	5.20 ±
0.26a
	3.85 ±
0.52a
	0.48 ± 0.02a
	0.15 ± 0.01a
	79.89±
2.34a
	44.33 ±
1.86a
	1.80 : 1

	VII
	8.74±
0.67a
	5.01±
0.42a
	3.74 ±
0.55a
	0.48 ± 0.02a
	0.18± 0.06a
	102.77±
2.78bc

	43.75 ±
1.93a
	2.34 : 1

	VIII
	8.18 ±
0.61a
	4.76 ±
0.26
	3.43 ±
0.60a
	0.47± 0.06a
	0.19 ± 0.05a
	104.75 ±
5.94bc

	35.32 ±
0.89a
	2.96 : 1

	IX
	9.08 ±
0.49a
	5.41 ±
0.46a
	3.67 ±
0.03a
	0.36 ±0.06a
	0.16± 0.02a
	102.83 ±
4.15bc

	41.84±
1.05a
	2.47 : 1


Table 2: Effect of α-tocopherol on hepatic parameters in copper and flubendiamide alone and combined- treated rats.
I: control group, II: vehicle control (corn oil), III: copper-treated with 33 mg/kg, IV: flubendiamide- treated (200 mg/kg), V: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg), VI: α-tocopherol treated group (100 mg/kg), VII: group treated with copper (33 mg/kg) +  α-tocopherol (100 mg/kg), VIII: group treated with flubendiamide (200 mg/kg) + α-tocopherol (100 mg/kg) and IX: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg) +  α-tocopherol (100 mg/kg. 
· Data (Mean ± SE; N=6) bearing different superscripts in the same column differed significantly (P<0.05)
*Values are Mean ± SE of five animals only.



	Groups
	BUN 
(mg/dl)
	Creatinine
(mg/dl)
	Uric acid
 (mg/dl)

	I
	54.99 ± 1.69ab
	0.55 ± 0.03a
	1.27 ± 0.03a

	II
	55.15 ± 1.92ab
	0.66± 0.03abc
	1.63± 0.06b

	III
	60.99 ±  1.87bc
	1.08 ± 0.08e

	2.05 ± 0.05c


	IV
	82.01 ± 2.47e

	0.92± 0.04d

	1.62 ± 0.06b


	V
	67.11 ±  1.43cd

	0.83 ± 0.03cd

	1.79± 0.05b


	VI
	47.74 ±2.13a
	0.65 ± 0.02ab
	1.38 ± 0.03a

	VII
	55.25± 1.69ab
	0.80± 0.03bcd

	1.21± 0.02a

	VIII
	54.85± 1.58ab
	0.63± 0.01ab

	1.68± 0.07b


	IX
	69.54 ± 1.66d
	0.66± 0.02abc

	1.61± 0.06b























Table 3: Effect of α-tocopherol on kidneys functions parameters in copper and flubendiamide alone and combined- treated rats.
I: control group, II: vehicle control (corn oil), III: copper-treated with 33 mg/kg, IV: flubendiamide- treated (200 mg/kg), V: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg), VI: α-tocopherol treated group (100 mg/kg), VII: group treated with copper (33 mg/kg) +  α-tocopherol (100 mg/kg), VIII: group treated with flubendiamide (200 mg/kg) + α-tocopherol (100 mg/kg) and IX: group treated with copper (33 mg/kg) + flubendiamide (200 mg/kg) +  α-tocopherol (100 mg/kg. 
· Data (Mean ± SE; N=5) bearing different superscripts in the same column differed significantly (P<0.05)


	S.No.
	Biochemical parameters
	
	Interactive index value
	

	1. 
	Total Plasma proteins
	+Ve
	0.99
	Additive

	2. 
	Albumin
	+Ve
	1.12
	Potentiation

	3. 
	Globulin
	-Ve
	0.80
	Potentiation

	4. 
	Total Bilirubin
	+Ve
	0.71
	Antagonism

	5. 
	Direct bilirubin
	+Ve
	0.45
	Antagonism

	6. 
	AST
	+Ve
	0.83
	Antagonism

	7. 
	ALT
	-Ve
	0.96
	Potentiation

	8. 
	Uric acid
	+Ve
	0.83
	Antagonism

	9. 
	Creatinine
	+Ve
	0.69
	Antagonism

	10. 
	BUN
	+Ve
	0.85
	Antagonism

	
	Oxidative stress biomarkers

	
	Liver

	11. 
	LPO
	+Ve
	0.92
	Antagonism

	12. 
	GSH
	-Ve
	1.08
	Antagonism

	13. 
	SOD
	-Ve
	0.90
	Potentiation

	14. 
	GST
	-Ve
	0.94
	Potentiation

	15. 
	GPx
	+Ve
	0.88
	Antagonism

	16. 
	Catalase
	+Ve
	1.11
	Potentiation

	17. 
	Total protein
	-Ve
	1.06
	Antagonism

	
	Kidneys

	18. 
	LPO
	+Ve
	1.02
	Potentiation

	19. 
	GSH
	-Ve
	0.82
	Potentiation

	20. 
	SOD
	-Ve
	1.011
	Potentiation

	21. 
	GST
	+Ve
	1.16
	Potentiation

	22. 
	GPx
	-Ve
	0.78
	Potentiation

	23. 
	Catalase
	+Ve
	0.99
	Additive

	24. 
	Total protein
	-Ve
	1.23
	Antagonism

	
	Drug metabolizing enzymes (DME)

	25. 
	CYP450
	+Ve
	0.92
	Antagonism

	26. 
	CYPb5
	+Ve
	1.05
	Potentiation

	27. 
	ANDM
	-Ve
	1.02
	Antagonism

	28. 
	APH
	-Ve
	1.22
	Antagonism

	29. 
	Protein
	-Ve
	1.05
	Antagonism

	30. 
	GST
	-Ve
	1.05
	Antagonism

	31. 
	UGT
	-Ve
	1.33
	Antagonism


Table 4: Effect oral exposure of copper, flubendiamide and their combination on interactive index values of biochemical parameters, oxidative stress biomarker and drug metabolizing enzymes activities, values generated expressed by numerically.


	Treatment
	% Non-viable Thymocytes 

	Control
	4.47±0.82

	DMSO (Vehicle control) (50 μl)
	7.11±1.06

	Flubendiamide -1.0 μM 
	11.23±0.67

	Flubendiamide -2.5 μM
	17.01±1.00

	Flubendiamide -5.0  μM
	21.05±1.49

	Flubendiamide -7.5 μM
	26.30±1.03

	Flubendiamide -10 μM
	33.15±1.70

	Flubendiamide -15 μM
	35.01±1.07

	Flubendiamide -20 μM
	38.62±0.25

	Flubendiamide -40 μM
	41.35±0.76

	Flubendiamide -60 μM
	65.45±2.94

	Flubendiamide -80 μM
	74.35±1.65

	Copper- 1.0  μM
	10.12 ±0.59

	Copper -2.5 μM
	29.29±1.70

	Copper -5.0  μM
	31.02±1.95

	Copper -7.5 μM
	28.08±1.30

	Copper -10 μM
	34.72±1.22

	Copper-15 μM
	36.99±1.32

	Copper -20 μM
	42.34±1.21

	Copper- 40 μM
	51.37±1.09

	Copper -60 μM
	59.47±1.96

	Copper -80 μM
	79.29±2.03




Table 5: Effect of different concentrations (1-80 μM) of flubendiamide and copper on viability of rat thymocytes following in vitro exposure for 12 h.
 Data presented is Mean ±SE of three observations in each set


	Treatment
	Micronuclei (%)*
	Comets
/100 cells

	Control
	1.10±0.05a
	4.06

	DMSO (Vehicle control)
	1.80±0.05ab
	5.00

	Dexamethasone
	4.63±0.20e
	29.57

	Flubendiamide
	3.63±0.14d
	23.52

	Flubendiamide (40 μM) + Resveratrol  (5µM)
	3.30±0.05cd
	13.49

	Flubendiamide (40 μM) + Resveratrol  (10µM)
	3.06±0.14cd
	8.71

	Flubendiamide  (40 μM) + Catechin  (10µM)
	3.30±0.15cd
	9.31

	Flubendiamide (40 μM) + Catechin  (20µM)
	1.26±0.12ab
	7.47

	Flubendiamide  (40 μM) + Curcumin  (5µM)
	4.56±0.17e
	11.86

	Flubendiamide (μM) + Curcumin  (10µM)
	3.33±0.08cd
	6.01

	Flubendiamide (40 μM) +  α-tocopherol  (5µM)
	3.00±0.05cd
	13.52

	Flubendiamide  (40 μM) + α-tocopherol (10µM)
	2.76±0.14c
	10.11

	Flubendiamide (40 μM) +  α- tocopherol (20µM)
	1.80±0.05b
	8.33

	Copper (40µM)
	17.1±1.09cd
	28.57

	Copper 40 μM) + Resveratrol  (5µM)
	1.80±0.20ab
	12.87

	Copper  (40 μM) + Resveratrol  (10µM)
	1.67±0.08ab
	10.12

	Copper (40 μM) + Catechin  (10µM)
	1.63±0.21ab
	10.55

	Copper (40 μM) + Catechin  (20µM)
	1.30±0.11a
	10.22

	Copper   (40 μM) + Curcumin  (5µM)
	1.06±0.23a
	11.59

	Copper  (μM) + Curcumin  (10µM)
	0.86±0.14a
	8.59

	Copper  (40 μM) +  α-tocopherol  (5µM)
	3.80±0.20c
	12.96

	Copper   (40 μM) + α-tocopherol (10µM)
	3.13±0.34bc
	   10.52

	Copper (40 μM) +  α- tocopherol (20µM)
	1.40±0.15ab
	6.79



Table 6: In vitro effect of different natural antioxidants on percentage of micronuclei-induction and comets formation in rat thymocytes following their in vitro exposure to 40 μM flubendiamide or copper for 12 h.

*Data presented is mean ±SE of three observations in each set in micronuclei-induction assay.
*Different superscripts in the columns indicate significant differences (p<0.05) between the control and different xenobiotics alone treated groups and also between the xenobiotics alone and those treated concurrently with different antioxidants. 

