Supplementary Material 1: Ames test Results

	Plate Incorporation (Without Metabolic Activation)

	Test Article 
	Concentration 
(µg/plate) 
	
	
	Revertants/Plate (Mean±SD) 
	

	 

DMSO 
	 

0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	32 ± 6 
	105 ± 2 
	9 ± 5 
	5 ± 3 
	248 ± 14 

	NTMZ 
	5 
	36 ± 6 
	88 ± 16 
	13 ± 2 
	7 ± 1 
	266 ± 16 

	NTMZ 
	16 
	40 ± 8 
	91 ± 13 
	13 ± 6 
	9 ± 4 
	252 ± 20 

	NTMZ 
	50 
	33 ± 12 
	87 ± 3 
	10 ± 2 
	7 ± 3 
	277 ± 29 

	NTMZ 
	160 
	35 ± 5 
	99 ± 4 
	9 ± 3 
	8 ± 4 
	252 ± 23 

	NTMZ 
	500 
	34 ± 10 
	98 ± 7 
	13 ± 7 
	10 ± 8 
	230 ± 11 

	NTMZ 
	1600 
	34 ± 5 
	90 ± 6 
	10 ± 3 
	5 ± 2 
	199 ± 14 

	NTMZ 
	5000 
	34 ± 4 
	87 ± 16 
	13 ± 7 
	6 ± 2 
	125 ± 18 

	2-Nitrofluorene (2NF) 
	5 
	954 ± 76 
	NT 
	NT 
	NT 
	NT 

	Sodium azide (NaN3) 
	2 
	NT 
	1329 ± 25 
	          893 ± 19 
	NT 
	NT 

	9-Aminoacridine (AAC) 
	50 
	NT 
	NT 
	NT 
	773 ± 191 
	NT 

	Mitomycin C (MMC) 
	0.2 
	NT 
	NT 
	NT 
	NT 
	1114 ± 48 


NT 	Not tested 
Table 1: Mean number of revertants/plate after direct plate incorporation without S-9, NTMZ


	Plate Incorporation (with Metabolic Activation _ Aroclor)
	

	Test Article
	Concentration 
(µg/plate) 
	
	
	Revertants/Plate (Mean±SD) 
	

	


DMSO
	 


0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	46 ± 3 
	116 ± 6 
	10 ± 3 
	13 ± 1
	279 ± 14 

	NTMZ
	5 
	49 ± 13 
	115 ± 4 
	14 ± 2 
	12 ± 1
	278 ± 16 

	NTMZ
	16 
	50 ± 15 
	131 ± 15 
	12 ± 3 
	13 ± 2
	307 ± 11 

	NTMZ
	50 
	51 ± 3 
	117 ± 3 
	17 ± 2 
	13 ± 2
	326 ± 10 

	NTMZ
	160 
	51 ± 5 
	134 ± 3 
	23 ± 5 
	7 ± 3
	315 ± 20 

	NTMZ
	500 
	43 ± 8 
	139 ± 9 
	34 ± 6 
	10 ± 5
	278 ± 31 

	NTMZ
	1600 
	45 ± 7 
	153 ± 13 B M 
	50 ± 3 
	12 ± 3
	233 ± 48 

	NTMZ
	5000 
	51 ± 10 
	156 ± 33 
	39 ± 8 
	11 ± 4
	113 ± 29 

	Benzo[a]pyrene (B[a]P) 
	10 
	376 ± 49 
	NT 
	NT 
	NT
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	2818 ± 121 
	287 ± 12 
	352 ± 11
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT 
	NT
	2365 ± 141 


B: 	Bubbles or splits in the agar 
M: 	Plate counted manually 
NT 	Not tested 
Table 2: Mean number of revertants/plate after direct plate incorporation with Aroclor +S-9, NTMZ




	Plate Incorporation (With Metabolic Activation _ Phenobarbital)
	

	Test Article 
	Concentration 
(µg/plate) 
	
	
	Revertants/Plate (Mean±SD) 
	

	 

DMSO 
	 

0 
	TA98 
	TA100 
	TA1535
	TA1537 
	TA102 

	
	
	54 ± 10 
	109 ± 13 
	10 ± 5 B M
	16 ± 4 
	260 ± 5 

	NTMZ 
	5 
	39 ± 6 
	119 ± 10 
	15 ± 3
	14 ± 2 
	256 ± 14 

	NTMZ 
	16 
	52 ± 0 
	115 ± 14 
	12 ± 5
	18 ± 4 
	271 ± 15 

	NTMZ 
	50 
	39 ± 2 
	118 ± 21 
	21 ± 6
	15 ± 3 
	247 ± 11 

	NTMZ 
	160 
	41 ± 14 
	134 ± 7 
	23 ± 3
	15 ± 3 
	284 ± 15 

	NTMZ 
	500 
	40 ± 2 
	158 ± 12 
	47 ± 5
	18 ± 5 
	250 ± 14 

	NTMZ 
	1600 
	44 ± 10 
	214 ± 21 
	55 ± 8
	14 ± 4 
	261 ± 6 

	NTMZ 
	5000 
	36 ± 8 
	302 ± 13 
	63 ± 13
	14 ± 1 
	190 ± 24 

	Benzo[a]pyrene (B[a]P) 
	10 
	277 ± 54 
	NT 
	NT
	NT 
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	3712 ± 38 
	207 ± 21
	286 ± 15 
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT
	NT 
	1867 ± 201 


B: 	Bubbles or splits in the agar 
M: 	Plate counted manually 
NT 	Not tested 
Table 3: Mean number of revertants/plate after direct plate incorporation with Phenobarbital +S-9, NTMZ






	Plate Incorporation (Without Metabolic Activation)

	Test Article 
	Concentration 
(µg/plate) 
	
	
	Revertants/Plate (Mean±SD) 
	

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535                  TA1537
	    TA102
	

	
	
	
34 ± 8 
	
92 ± 15 
	
8 ± 4 
	
6 ± 2 
	
202 ± 8 

	1,4-dinitrosopiperazine (DNPZ) 
	5 
	29 ± 10 
	86 ± 7 
	10 ± 8 
	9 ± 4 
	203 ± 19 

	1,4-dinitrosopiperazine (DNPZ) 
	16 
	32 ± 8 
	88 ± 15 
	12 ± 4 
	8 ± 2 
	210 ± 6 

	1,4-dinitrosopiperazine (DNPZ) 
	50 
	24 ± 3 
	88 ± 9 
	8 ± 7 
	4 ± 2 
	203 ± 24 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	40 ± 1 
	90 ± 7 
	8 ± 4 
	9 ± 6 
	212 ± 7 

	1,4-dinitrosopiperazine (DNPZ) 
	500 
	36 ± 6 
	89 ± 3 
	11 ± 2 
	5 ± 2 
	188 ± 6 

	1,4-dinitrosopiperazine (DNPZ) 
	1600 
	32 ± 2 
	87 ± 6 
	6 ± 1 
	3 ± 2 
	185 ± 20 

	1,4-dinitrosopiperazine (DNPZ) 
	5000 
	35 ± 1 
	86 ± 11 
	  10 ± 1 
	5 ± 1 
	169 ± 9 

	2-Nitrofluorene (2NF) 
	5 
	1024 ± 136 
	NT 
	      NT 
	   NT 
	NT 

	Sodium azide (NaN3) 
	2 
	NT 
	1058 ± 43 
	762 ± 18 
	   NT 
	NT 

	9-Aminoacridine (AAC) 
	50 
	NT 
	NT 
	      NT 
	459 ± 196 
	NT 

	Mitomycin C (MMC) 
	0.2 
	NT 
	NT 
	      NT 
	   NT 
	790 ± 28 


NT : Not Tested
Table 4: Mean number of revertants/plate after direct plate incorporation without S-9, DNPZ



	 
Plate Incorporation (With Metabolic activation _ Aroclor)
	
	

	Test Article 
	Concentration 
(µg/plate) 
	

Revertants/Plate (Mean±SD)
	
	

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	
44 ± 3 
	
118 ± 11 
	
13 ± 5 
	
11 ± 4 
	
248 ± 21 

	1,4-dinitrosopiperazine (DNPZ) 
	5 
	43 ± 9 
	110 ± 2 
	20 ± 7 
	15 ± 3 
	270 ± 17 

	1,4-dinitrosopiperazine (DNPZ) 
	16 
	45 ± 6 
	104 ± 11 
	15 ± 4 
	11 ± 3 
	269 ± 28 

	1,4-dinitrosopiperazine (DNPZ) 
	50 
	54 ± 3 
	104 ± 11 
	14 ± 5 
	11 ± 5 
	280 ± 11 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	44 ± 8 
	124 ± 15 
	19 ± 4 
	9 ± 1 
	284 ± 21 

	1,4-dinitrosopiperazine (DNPZ) 
	500 
	48 ± 6 
	119 ± 12 
	25 ± 11 
	6 ± 2 
	277 ± 9 

	1,4-dinitrosopiperazine (DNPZ) 
	1600 
	39 ± 5 
	140 ± 16 
	63 ± 16 
	7 ± 4 
	269 ± 13 

	1,4-dinitrosopiperazine (DNPZ) 
	5000 
	43 ± 13 
	194 ± 20 
	138 ± 10 
	7 ± 2 
	236 ± 32 

	Benzo[a]pyrene (B[a]P) 
	10 
	336 ± 61 
	NT 
	NT 
	NT 
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	2384 ± 245 
	193 ± 30 
	332 ± 16 
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT 
	NT 
	1693 ± 726 


NT : Not Tested
Table 5: Mean number of revertants/plate after direct plate incorporation with Aroclor +S-9, DNPZ

	Plate Incorporation (With Activation_Phenobarbital)
	
	

	Test Article 
	Concentration 
(µg/plate) 
	Revertants/Plate (Mean±SD)
	
	

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	
44 ± 9 
	
120 ± 6 
	
12 ± 7 
	
15 ± 9 
	
245 ± 29 

	1,4-dinitrosopiperazine (DNPZ) 
	5 
	45 ± 11 
	120 ± 1 
	11 ± 3 
	11 ± 6 
	274 ± 19 

	1,4-dinitrosopiperazine (DNPZ) 
	16 
	37 ± 6 
	123 ± 1 
	14 ± 7 
	13 ± 5 
	284 ± 15 

	1,4-dinitrosopiperazine (DNPZ) 
	50 
	45 ± 6 
	109 ± 15 
	12 ± 3 
	14 ± 1 
	263 ± 3 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	45 ± 2 
	126 ± 1 
	17 ± 6 
	14 ± 5 
	277 ± 4 

	1,4-dinitrosopiperazine (DNPZ) 
	500 
	44 ± 6 
	126 ± 9 
	25 ± 4 
	13 ± 4 
	266 ± 27 

	1,4-dinitrosopiperazine (DNPZ) 
	1600 
	43 ± 3 
	148 ± 13 
	36 ± 7 
	13 ± 3 
	229 ± 17 

	1,4-dinitrosopiperazine (DNPZ) 
	5000 
	50 ± 3 
	167 ± 13 
	87 ± 11 
	14 ± 5 
	182 ± 12 

	Benzo[a]pyrene (B[a]P) 
	10 
	308 ± 13 
	NT 
	NT 
	NT 
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	3219 ± 640 
	186 ± 4 
	253 ± 47 
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT 
	NT 
	1371 ± 71 


NT : Not tested
Table 6: Mean number of revertants/plate after direct plate incorporation with Phenobarbital +S-9, DNPZ 

	Pre-Incubation (Without Activation)

	Test Article 
	Concentration 
(µg/plate) 
	
Revertants/Plate (Mean±SD)

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	
36 ± 3 
	
115 ± 5 
	
8 ± 3 
	
16 ± 5 
	
226 ± 7 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	25 ± 6 
	108 ± 6 
	12 ± 3 
	11 ± 2 
	223 ± 21 

	1,4-dinitrosopiperazine (DNPZ) 
	300 
	35 ± 4 
	110 ± 13 
	11 ± 4 
	11 ± 7 
	221 ± 15 

	1,4-dinitrosopiperazine (DNPZ) 
	625 
	31 ± 3 
	113 ± 20 
	11 ± 3 
	12 ± 4 
	228 ± 28 

	1,4-dinitrosopiperazine (DNPZ) 
	1250 
	32 ± 5 
	107 ± 10 
	14 ± 4 B M 
	11 ± 3 B M 
	218 ± 24 

	1,4-dinitrosopiperazine (DNPZ) 
	2500 
	24 ± 3 
	115 ± 8 
	10 ± 6 
	10 ± 3 
	223 ± 27 

	1,4-dinitrosopiperazine (DNPZ) 
	5000 
	29 ± 4 
	120 ± 17 
	12 ± 3 
	7 ± 3 
	200 ± 21 

	2-Nitrofluorene (2NF) 
	5 
	1221 ± 25 
	NT 
	NT 
	NT 
	NT 

	Sodium azide (NaN3) 
	2 
	NT 
	1222 ± 28 
	852 ± 51 
	NT 
	NT 

	9-Aminoacridine (AAC) 
	50 
	NT 
	NT 
	NT 
	497 ± 46 
	NT 

	Mitomycin C (MMC) 
	0.2 
	NT 
	NT 
	NT 
	NT 
	2015 ± 137 


B: 	Bubbles or splits in the agar 
M: 	Plate counted manually 
NT 	Not tested 
Table 7: Mean number of revertants/plate after Pre-incubation without S-9, DNPZ 


	Pre-Incubation (With Activation_ Aroclor)

	Test Article 
	Concentration 
(µg/plate) 
	
	Revertants/Plate (Mean±SD) 
	
	

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	
50 ± 8  M 
	
155 ± 19 
	
16 ± 2 
	
12 ± 3 
	
246 ± 13 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	54 ± 12  M 
	140 ± 17 
	18 ± 3 
	15 ± 4 
	238 ± 22 

	1,4-dinitrosopiperazine (DNPZ) 
	300 
	49 ± 6  M 
	139 ± 8 
	31 ± 5 
	18 ± 3 
	246 ± 23 

	1,4-dinitrosopiperazine (DNPZ) 
	625 
	57 ± 9  M 
	140 ± 24 
	48 ± 6 
	18 ± 5 
	260 ± 12 

	1,4-dinitrosopiperazine (DNPZ) 
	1250 
	48 ± 6  M 
	167 ± 14 
	79 ± 19 
	22 ± 4 
	264 ± 16 

	1,4-dinitrosopiperazine (DNPZ) 
	2500 
	44 ± 11  M 
	224 ± 21 
	114 ± 2 
	15 ± 4 
	256 ± 15 

	1,4 DNPZ dinitrosopiperazine (DNPZ) 
	5000 
	53 ± 7  M 
	318 ± 53 
	180 ± 15 
	15 ± 6 
	230 ± 33 

	Benzo[a]pyrene (B[a]P) 
	10 
	355 ± 12 
	NT 
	NT 
	NT 
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	2972 ± 70 
	160 ± 20 
	243 ± 63 
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT 
	NT 
	375 ± 34 


M: 	Plate counted manually 
NT 	Not tested 
Table 8: Mean number of revertants/plate after Pre-Incubation with Aroclor +S-9, DNPZ



	Pre-Incubation (With Activation_Phenobarbital)

	Test Article 
	Concentration 
(µg/plate) 
	
		
	Revertants/Plate (Mean±SD) 
	
	

	 
DMSO 
	 
0 
	TA98 
	TA100 
	TA1535 
	TA1537 
	TA102 

	
	
	
57 ± 12 
	
111 ± 10 
	
11 ± 3 
	
16 ± 6 
	
247 ± 11 

	1,4-dinitrosopiperazine (DNPZ) 
	160 
	59 ± 10 B M 
	129 ± 10 
	14 ± 1 
	21 ± 0 
	257 ± 34 

	1,4-dinitrosopiperazine (DNPZ) 
	300 
	48 ± 2 
	142 ± 9 
	26 ± 9 
	25 ± 6 
	258 ± 24 

	1,4-dinitrosopiperazine (DNPZ) 
	625 
	49 ± 7 
	140 ± 20 
	36 ± 7 
	18 ± 3 
	277 ± 27 

	1,4-dinitrosopiperazine (DNPZ) 
	1250 
	56 ± 5 
	171 ± 5 
	57 ± 15 
	18 ± 4 
	291 ± 50 

	1,4-dinitrosopiperazine (DNPZ) 
	2500 
	48 ± 14 
	196 ± 8 
	91 ± 20 
	19 ± 4 
	284 ± 26 

	1,4-dinitrosopiperazine (DNPZ) 
	5000 
	45 ± 9 C M 
	257 ± 5 
	145 ± 29 
	22 ± 4 
	267 ± 39 

	Benzo[a]pyrene (B[a]P) 
	10 
	297 ± 23 
	NT 
	NT 
	NT 
	NT 

	2-Aminoanthracene (AAN) 
	5 
	NT 
	2373 ± 75 
	192 ± 12 
	233 ± 32 
	NT 

	2-Aminoanthracene (AAN) 
	20 
	NT 
	NT 
	NT 
	NT 
	394 ± 24 


B: 	Bubbles or splits in the agar 
C: 	Contaminated plate 
M: 	Plate counted manually 
NT 	Not tested 
Table 9: Mean number of revertants/plate after Pre-Incubation with Phenobarbital +S-9, DNPZ



Supplementary Material 2: Carcinogenicity study
	Organ
	Microscopic Evaluation

	Artery, aorta
	X

	Bone marrow, sternum
	X

	Bone, left femur 
	X (1)

	Bone, sternum
	X

	Brain
	X

	Epididymis
	X (2)

	Esophagus
	X

	Eye
	X (2)

	Gland, adrenal
	X (2)

	Gland, clitoral
	X (2)

	Gland, lacrimal
	X

	Gland, Harderian
	X (1)

	Gland, mammary
	X

	Gland, parathyroid
	X (2)

	Gland, pituitary
	X

	Gland, preputial
	X (2)

	Gland, prostate
	X

	Gland, salivary, submandibular
	X (1)

	Gland, salivary, sublingual
	X (1)

	Gland, seminal vesicle and coagulating gland
	X (2)

	Gland, thyroid
	X (2)

	Gland, Zymbal’s
	X (1)

	Gut-associated lymphoid tissue (From small intestine: Peyer’s patch or solitary lymphoid follicle)
	X

	Heart
	X

	Joint, femorotibial
	X (1)

	Kidney
	X (2)

	Large intestine, cecum
	X

	Large intestine, colon
	X

	Large intestine, rectum
	X

	Liver
	X

	Lung
	X

	Lymph node, mandibular
	X (1)

	Lymph node, mesenteric
	X

	Macroscopic abnormalities (and draining lymph node in case of masses)
	X

	Muscle, skeletal (left)
	X (1)

	Nerve, optic
	X (2)

	Nerve, sciatic
	X (1)

	Ovary
	X (2)

	Pancreas
	X

	Skin
	X

	Small intestine, duodenum
	X

	Small intestine, ileum
	X

	Small intestine, jejunum
	X

	Spinal cord (cervical, thoracic, lumbar)
	X

	Spleen
	X

	Stomach (glandular and non-glandular)
	X

	Testis
	X (2)

	Trachea
	X

	Thymus
	X

	Tongue
	X

	Urinary bladder
	X

	Uterus/Cervix
	X

	Vagina
	X


 (1) = one side; (2) = both sides.
Table 12: Tissue evaluation table

Supplementary Material 2: Carcinogenicity study_ Bioanalysis


	Cmax (ng/ml)
	Week 4
	Week 26
	Week 64
	Week 78

	
	Males
	Females
	Males
	Females
	Males
	Females
	Males
	Females

	2 mg/kg/day
	3.05
	3.10
	2.88
	3.52
	NA
	NA
	2.52
	3.83

	6 mg/kg/day
	24.61
	36.91
	43.78
	42.62
	NA
	NA
	60.891
	61.43

	15 mg/kg/day
	174.10
	164.83
	336.6
	189.16
	NA
	NA
	312.87
	474.3

	40 mg/kg/day
	1002.10
	1876.50
	1404.00
	1356.1
	1633.83
	NA
	NA
	2545


NA: Not Applicable
Table 11: Mean NTMZ Maximal Concentration (Cmax  in ng/ml) in male and female rats during the carcinogenicity study
