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Gene mutations in bacteria (Ames tests)
Two studies were performed, one by Engelhardt (1987) and one by Groot (2019). The study by Engelhardt did not use all of the strains currently recommended in OECD guideline 471, in particular a strain to detect mutations at A-T rich sites (such as TA102 or an E. coli WP2 strain) was not included. Although testing was performed by both plate incorporation and pre-incubation methods in the absence and presence of Aroclor-induced rat liver S9, and the recommended top concentration of 5000 µg/plate was used (some toxicity was seen at the top 1 or 2 doses), the negative results cannot be considered as robust because of the strain deficiency.
The study by Groot used S. typhimurium strains TA98, TA100, TA1535 and TA1537 plus E. coli WP2uvrA. Two experiments were performed, one using plate incorporation and the other using pre-incubation, both in the absence and presence of Aroclor-induced rat liver S9. Dose levels up to 2083 and 5000 µg/plate were used in the plate incorporation experiment and dose levels up to 5000 µg/plate were used in the pre-incubation experiment. Some toxicity (decreased revertant counts) was seen in most strains in both experiments. Revertant counts on negative control plates were normal (although a little lower in TA98 than seen in other laboratories) and were significantly increased by positive control treatments. None of the treatments with Metam sodium resulted in increased revertant counts that exceeded 2-fold for TA100 and E. coli, or exceeded 3-fold for TA98, TA1535 and TA1537, and there was no evidence of a dose-response in any strain under any condition. Requiring a 3-fold increase for a biologically relevant positive response in TA98 is unusual (it is usually 2-fold) but given the low negative control counts, 3-fold is reasonable. However, the revertant counts on Metam sodium treated TA98 plates did not even increase 1.5x the concurrent control so it is clear there were no biologically relevant increases in TA98 revertants. The study therefore complies with OECD guideline 471 (1997) and was clearly negative.
Thus, Metam sodium did not induce gene mutations in bacteria when tested up to maximum required concentration in the absence and presence of S9 in a robust study that complies with OECD guideline recommendations. 

Gene mutations in mammalian cells in vitro
(i) Hprt mutations in CHO cells
This study was conducted by Engelhardt at BASF in 1987. CHO-K1 cells were “cleansed” of pre-existing mutants prior to treatment with Metam sodium, which was dissolved in culture medium. Concentrations to be used in the main experiment were determined by effect on cloning efficiency in a cytotoxicity range-finding experiment in which cells were treated for 16 hrs but only in the absence of S9. Precipitation occurred at 1000 µg/mL and cloning efficiency was reduced at 1 µg/mL. The top concentration for the main experiment was 10 µg/mL (in both the absence and presence of S9), and 7 lower concentrations, going down to 0.0464 µg/mL were included.
For the 3 main mutation experiments, 100,000 cells/flask were treated with test substance, solvent or positive control. Treatment was for 4 hrs in the absence and presence of Aroclor-induced rat liver S9, after which the treatment medium was replaced with normal culture medium. Aliquots of 200 cells per culture were removed, in duplicate, 20 hrs after the end of treatment to determine cytotoxicity based on cloning efficiency.
Cells were sub-cultured 4 times during the 8-day expression period. Aliquots of cells were removed for viability assessment in the same way as for cytotoxicity. For mutant selection and determination of mutant frequency (MF), 300,000 cells were sampled and plated in 6-TG-containing medium (5 flasks per concentration) and incubated for 7 days to allow mutant colonies to grow.
The key results are summarised in the following tables:
	[bookmark: _Hlk115515060]Treatment (µg/mL)
	-S9

	
	Expt. 1
	Expt. 2
	Expt. 3

	
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)

	0
	0
	-
	0
	-
	0
	-

	0.0464
	0
	16.7
	0
	5.9
	0
	32.0

	0.1
	0
	28.7
	0
	-
	0
	-

	0.215
	0
	-
	0
	32.4
	0
	8.8

	0.464
	11.29
	38.0
	16.04
	22.3
	0
	-

	1.0
	0
	34.7
	0
	37.4
	0
	-

	2.15
	0
	5.3
	0
	34.5
	0.92
	14.9

	4.64
	0
	46.0
	0
	45.4
	0
	7.7

	10
	0
	88.7
	0
	76.5
	8.53
	57.7

	EMS (0.3)
	817.28
	37.3
	633.33
	36.1
	250.36
	56.7



	Treatment (µg/mL)
	+S9

	
	Expt. 1
	Expt. 2
	Expt. 3

	
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)
	MF (x 10-6) corrected for viability 
	Cytotoxicity (% reduction in cloning efficiency)

	0
	0
	-
	0
	-
	0
	-

	0.0464
	0
	-
	0
	36.2
	0
	11.1

	0.1
	13.68
	7.4
	3.77
	25.9
	0.68
	26.2

	0.215
	0
	9.3
	2.82
	41.9
	8.55
	29.5

	0.464
	0
	13.2
	0
	28.1
	0
	33.9

	1.0
	25.75
	14.7
	0
	35.9
	34.58
	34.3

	2.15
	0
	10.8
	0
	47.5
	0
	-

	4.64
	12.85
	-
	0
	31.9
	0
	25.1

	10
	26.80
	16.2
	6.56
	50.6
	13.95
	89.7

	MCA (0.01)
	108.38
	19.1
	78.95
	39.7
	725.73
	49.4


MF = mutant frequency; EMS = ethyl methanesulfonate; MCA = methylcholanthrene
Bold figures indicate MF exceeds upper negative control limit of 15 x 10-6

The Study Director defined a positive response as MF in a treated culture exceeding 15 x 10-6 and showing a dose response. The value of 15 x 10-6 is based on a single mutation occurring during the early stages of the test period, and a value used by other laboratories. However, it is does not appear to be based on historical negative control data since none were presented.
It can be seen from the tables above that all negative control cultures gave MFs of zero. This is not ideal since it is impossible to define the sensitivity of the assay (i.e., its ability to detect a positive response) when control values are zero. It can be seen that one treated culture in the absence of S9 and 3 cultures in the presence of S9 exhibited MFs that exceeded 15 x 10-6, but these were sporadic and were not part of any dose response. Also, one of the increased MFs was only seen at >80% cytotoxicity where caution in interpretation should be applied. The biological relevance of such increases is therefore unclear – they may simply represent “background noise” since they only represent a small number of mutant colonies per plate and could be considered within the normal negative control range. The Study Director concluded that the outcome did not indicate a mutagenic response.
This study design does not comply with the latest (2016) OECD guideline 476 for the following reasons:
· Cultures should be sampled for cytotoxicity at the end of treatment, not 20 hrs after treatment. Therefore, the cytotoxic effects of Metam sodium in the study could have been higher or lower than reported.
· The highest concentration should induce 80-90% reduction in relative survival. This was only achieved in the absence and presence of S9 in 1 of the 3 experiments, so it can be argued that higher concentrations should have been treated in the other 2 experiments.
· Sufficient cells should be treated and passaged to maintain 10 spontaneous mutants in every culture in all phases of the test. With a maximum spontaneous mutant frequency considered to be 15 x 10-6 (as given in the report), this would entail treating and sub-culturing approximately 7,000,000 cells per culture whereas only 100,000 cells/culture were treated. It is therefore not surprising that all flasks in negative control cultures gave zero mutant colonies in all parts of the study.
Thus, with the deficiencies in the study design, zero MFs in all control cultures, the absence of historical control data, and the sporadic increases in MF, it is not possible to draw any firm conclusions. This study should therefore be considered as “inconclusive”. 

(ii) Tk mutations in mouse lymphoma cells
This study was conducted by Groot in 2019. Metam sodium was dissolved in culture medium and mouse lymphoma L5178Y cells, which had been “cleansed” of pre-existing mutants, were treated with a range of concentrations for 3 hrs in the absence and presence of phenobarbital/β-naphthoflavone-induced rat liver S9 using the microwell method. The concentrations for the main mutation experiment were selected from a range-finding experiment. The top concentrations were 83 and 125 µg/mL which reduced relative total growth (RTG) to 9 and 10% in the absence and presence of S9 respectively, and 7 additional concentrations were included in each part of the study.
Mutant frequencies (MFs) in negative control cultures fell within ranges recommended in OECD guideline 490 and fell within the laboratory’s historical negative control ranges. MFs were significantly increased by positive control treatments and clearly showed that small colony mutants could be detected. The study therefore complied with OECD guideline 490 (2016).
In the mouse lymphoma assay a clear positive response is identified when, for the microwell method, the MF in a treated culture exceeds the concurrent negative control by 126 x 10-6 (the Global Evaluation Factor, GEF). In the Metam sodium-treated cultures MFs exceeded the GEF at the top 2 concentrations in both the absence and presence of S9 and exhibited significant dose-related trends. The MF also exceeded the GEF at an intermediate concentration (0.42 µg/mL) in the absence of S9. Although the RTG at the lowest positive concentration in the absence of S9 that formed part of the dose-response (31 µg/mL) was 16%, and the result should therefore be interpreted with caution, the RTG at the lowest positive concentration in the presence of S9 (83 µg/mL) was 34%. This is not excessively toxic, and the response is considered biologically relevant. In both the absence and presence of S9 small and large colony MFs increased, indicating both gene mutation and chromosome damage (clastogenic) modes of action were involved.
Although it is known that the mouse lymphoma assay may produce “misleading positive” responses (i.e., positive responses that are not indicative of in vivo mutagenic or carcinogenic activity), this can only realistically be assessed by in vivo follow-up testing. Based on the data reported, the outcome of this study has to be considered as positive.
Thus, Metam sodium did induce mutations in mouse lymphoma cells at concentrations that were not excessively toxic, particularly in the presence of S9, and both gene mutation and clastogenic modes of action were indicated.

In vitro chromosomal aberration (CA) studies in human lymphocytes
(i) Gelbke & Engelhardt (1987)
This study was conducted at BASF in 1986. Metam sodium was dissolved in water and tested for induction of CA in cultured human lymphocytes in the absence and presence of Aroclor-induced rat liver S9. Cultures of whole human blood were established (sex of donor not given), and the lymphocytes were stimulated to divide by addition of phytohaemagglutinin (PHA) for 48 hrs prior to the start of treatment. Treatments in the absence of S9 were for 24 hrs, and in the presence of S9 were for 2 hrs, followed by 22 hrs recovery in normal medium. Colcemid was added 2-3 hrs before harvest (at 72 hrs) to arrest dividing cells in metaphase.
The concentrations of Metam sodium for test in the main experiment were determined from a pre-test with a wide range of concentrations. The top concentrations used in the main study were 20 µg/mL in the absence of S9 and 40 µg/mL in the presence of S9. Three lower concentrations (10, 5 and 1 µg/mL) were included in the absence of S9, and 2 lower concentrations (20 and 10 µg/mL) were included in the presence of S9. A negative (water) and an untreated control, together with positive control treatments, were included, and all treatments were in duplicate.
At harvest, cells were gently swollen with hypotonic KCl, fixed, dropped on to slides and stained with Giemsa. Slides were coded (to avoid bias) before 100 cells/culture, i.e., 200 cells/concentration, (50 cells/culture for positive controls) were scored for CA. Cytotoxicity was determined by mitotic index. This design does not comply with the latest (2016) revision to OECD guideline 473 which recommends 300 cells/concentration be scored, but it did comply with the version of the OECD guideline in place at the time.
Solvent and untreated control cultures exhibited CA frequencies that were normal (0.5 or 1.9% excluding gaps), and CA frequencies were significantly increased by positive control treatments. For Metam sodium-treated cultures, although CA frequencies at the lower concentrations were similar to the negative controls and within the normal range (1-3.5%, although historical control data were not presented), in some cultures there were increases in CA frequency that fell outside the normal range and were significantly different from concurrent controls, namely:
· At 20 µg/mL -S9, 10% CA excluding gaps
· At 40 µg/mL +S9, 8.5% CA excluding gaps
· At 20 µg/mL +S9, 5% CA excluding gaps.
Mitotic index was not reduced in these cultures (or in any of the Metam sodium-treated cultures) but in fact increased above the mitotic index levels in negative controls. Thus, it is not likely that the increased CA were a secondary consequence of excessive toxicity.
Thus, Metam sodium did induce CA in cultured human lymphocytes, in the absence and presence of S9, that were significantly different from concurrent negative controls and exceeded normal control ranges.

(ii) Mackay (1996)
This study was conducted at ICI Central Toxicology Laboratory in 1995. Metam sodium was dissolved in deionised water and tested for induction of CA in cultured human lymphocytes in the absence and presence of Aroclor-induced rat liver S9. Cultures of whole human blood were established from a single male donor, and the lymphocytes were stimulated to divide by addition of PHA for 48 hrs prior to the start of treatment. Treatments in the absence of S9 were for 24 hrs, and in the presence of S9 were for 2 hrs, followed by 22 hrs recovery in normal medium. Colcemid was added 2 hrs before harvest (at 72 hrs) to arrest dividing cells in metaphase.
The concentrations of Metam sodium for test in the main experiment were determined by reductions in mitotic index in a pre-test using a wide range of concentrations. Reductions in mitotic index of >50% were observed at 30 µg/mL in the absence of S9 and 40 µg/mL in the presence of S9, and so these were chosen as the top concentrations for the main study. Two lower concentrations were included in the absence (20 and 2.5 µg/mL) and presence (20 and 5 µg/mL) of S9. A negative (water) control and positive control treatments were included, and all treatments were in duplicate.
At harvest, cells were gently swollen with hypotonic KCl, fixed, dropped on to slides and stained with Giemsa. Slides were coded (to avoid bias) before 100 cells/culture, i.e., 200 cells/concentration, (fewer cells/culture were scored for positive controls) were initially scored for CA, but in order to clarify results, an additional 100 cells/culture were scored from cultures treated in the presence of S9. Cytotoxicity was determined concurrently by mitotic index. This design does not comply with the latest (2016) revision to OECD guideline 473 which recommends 300 cells/concentration be scored, but it did comply with the version of the OECD guideline in place at the time.
The key results are summarised in the following table:
	Treatment (µg/mL)
	-S9
	Treatment (µg/mL)
	+S9

	
	
	
	% cells with CA (excluding gaps)
	% reduction in mitotic index

	
	% cells with CA (excluding gaps)
	% reduction in mitotic index
	
	Initial scoring
	After additional scoring
	

	0
	0
	-
	0
	0
	0.25
	-

	2.5
	0.5
	21.7
	5
	1.0
	0.5
	7.2

	20
	0.5
	-
	20
	1.5
	1.75
	39.2

	30
	0.5
	56.6
	40
	3.0
	2.75
	59.8

	MMC (0.2)
	56.0
	51.9
	CPA (50)
	40.0
	36.0
	55.7


MMC = mitomycin C; CPA = cyclophosphamide
Bold figures indicate statistically significant increases

Solvent and untreated control cultures exhibited CA frequencies that were normal and were significantly increased by positive control treatments. For Metam sodium-treated cultures in the absence of S9, CA frequencies were low and not significantly different from negative control even though >50% mitotic inhibition was induced at the top concentration. In the presence of S9 an increase in CA frequency was seen with the initial scoring at the top concentration (40 µg/mL), and this was significantly different from the negative control. After additional scoring, significant increases were found at both 20 and 40 µg/mL. However, the concurrent negative control CA frequencies were very low and so statistical significance was achieved even though the CA frequencies at these 2 concentrations fell well within the laboratory’s historical negative control range (0-5.5%). Moreover, mitotic inhibition at 40 µg/mL was almost 60%, and according to OECD guideline 473, results at such levels of cytotoxicity should be interpreted with caution. It is highly likely that the increased CA frequencies at 40 µg/mL in the presence of S9 are a secondary consequence of high levels of toxicity. The increase at 20 µg/mL was associated with less toxicity, but CA the frequency was only 1.75% (excluding gaps) which is at the low end of the historical negative control distribution. These increases are therefore probably not biologically relevant.
These results do show some consistency with the results of Gelbke & Engelhardt and suggest that Metam sodium does exhibit a weak potential to induce chromosome damage, particularly in the presence of S9, although the responses may not be biologically relevant.  

In vivo chromosomal aberration (CA) assay in Chinese hamster bone marrow
This study was conducted by Gelbke and Engelhardt at BASF in 1987. Metam sodium was dissolved in water and administered by oral gavage as a single dose of 150, 300 or 600 mg/kg to groups of male and female Chinese hamsters. Some respiratory distress was noted at all dose levels. These dose levels were selected based on a range-finding study in which deaths occurred at 1470 mg/kg, and marked toxic signs were seen at 1210 mg/kg. In a follow-up pre-test, animals also died at 900 mg/kg. Therefore 600 mg/kg was accepted as the maximum tolerated dose (MTD). Bone marrow from the top dose group was sampled 6, 24 and 48 hrs after dosing, which complies with the version of the OECD guideline available at the time; the latter 2 sampling times are close to those recommended in the most recent (2016) version of OECD guideline 475. However, for the vehicle, low and mid dose groups bone marrow was only sampled at 24 hrs, and the lack of vehicle control data at the 6 and 48-hr sampling times does not comply with current guidance.
Animals were dosed with Colcemid 2 hrs before sacrifice to arrest dividing cells in metaphase, and 100 metaphases/animal were scored for CA. Whilst this again complied with the OECD guideline in place at the time, it does not comply with current (2016) recommendations (200 cells/animal).
Dosing formulations were analysed for achieved concentration and confirmed that the dosing solutions had been accurately prepared.
The frequency of CA in vehicle control animals at 24 hrs was normal (0.1%), although no historical control data were provided, and there are limited published data on CA in Chinese hamsters with which to compare. The CA frequencies were significantly increased by positive control treatment. CA frequencies in the 150 and 300 mg/kg groups at 24 hrs were similar to vehicle controls. However, CA frequencies in the 600 mg/kg group were increased at all sampling times, reaching 0.9% at 24 hrs, which was statistically significant (p<0.05). The authors concluded this was not a biologically relevant result since the vehicle control CA frequency was low, but in the absence of historical negative control data and little published data it is difficult to confirm this. 
Unfortunately, there were no measures of bone marrow toxicity (for example mitotic index) and so it is not known whether the increased CA frequencies in the top dose group could be an indirect consequence of bone marrow toxicity. 
Thus, given the deficiencies in this study, and the uncertainty over whether the increase in CA at 600 mg/kg was biologically relevant, this study should be considered “inconclusive”.

In vivo micronucleus (MN) assay in mouse bone marrow
This study was conducted by Barber & Mackay in 1995. Metam sodium was dissolved in deionised water and administered as a single oral dose of 500 mg/kg to groups of male and female CD-1 mice. This dose was considered to be the maximum tolerated (MTD) based on range-finding studies in which deaths occurred at 800, 1250 and 2000 mg/kg. Some clinical signs of toxicity were seen at 500 mg/kg, notably subdued nature, partial eye closure and hunched posture. Vehicle and positive control groups were included. Bone marrow was sampled 24 and 48 hrs after dosing (positive controls at 24 hrs only), smear slides were made and stained with polychrome methylene blue and eosin. Slides were coded and 2000 polychromatic erythrocytes (PCE) per animal were scored for MN. This design does not comply with the latest (2016) version of OECD guideline 474, in that 4000 PCE/animal should be scored, but it also does not comply with the version in place at the time in that 3 dose levels should be included, at least for the first sampling time, when the top dose is based on toxicity (i.e., when an MTD is used).  
MN frequencies in vehicle control animals were normal (although no historical control data were presented) and were significantly increased by treatment with the positive control chemical, cyclophosphamide. MN frequencies in Metam sodium-treated animals were similar to vehicle controls and were not significantly different. The %PCE in the bone marrow samples did not decrease with Metam sodium treatment, and there was therefore no evidence of bone marrow toxicity. Since no blood samples were taken in which the presence of Metam sodium could be analysed, there is no direct or indirect evidence that the bone marrow was exposed.
Therefore, although there was no induction of MN following Metam sodium treatment, the negative findings are of little value in the absence of data demonstrating bone marrow exposure. The study is therefore considered “inconclusive”.

In vivo MN/comet assay in rats
The study was conducted by Charles River Laboratories (Den Bosch, The Netherlands) in 2019 (reported in 2020). Metam sodium (41.7% pure) was dissolved in physiological saline and dosed by oral gavage to groups of male rats at 87.5, 175 and 350 mg/kg/day on 3 consecutive days (0, 24 and 45 hrs), although there is some confusion since the Summary says animals were “dosed twice … for three consecutive days”. Bone marrow (for MN), liver and glandular stomach (for comet) were sampled at 48-49 hrs.  Some toxic signs (mainly lethargy, salivation and hunched posture) were seen in all Metam sodium-treated groups. 
The doses for the main study were selected following a range-finder study, but this is described in different ways in different parts of the report. From the Results section it appears that groups of rats were dosed with Metam sodium at 750, 500 (1 male + 1 female in each group) and 350 mg/kg/day (3 males and 3 females) but the duration is not clear. In the Summary it says animals were dosed once, in Methods it says daily for three days, and in Results it is not specified. Animals were observed for 1-3 days post-dosing. Both rats died in the top dose group, and the female rat in the 500 mg/kg/day group also died. Although only slight signs of toxicity were seen (lethargy, hunched posture, rough coat) in the 350 mg/kg/day group, this can be considered the maximum tolerated dose (MTD).
In the main study, no analysis of test formulation concentration or homogeneity was performed. The study director states that this GLP exception was minor, but not verifying the actual doses given to the animals could be considered a serious defect. However, tissue toxicity was induced (see below) and therefore the animals were clearly dosed with the test substance.
Satellite animals were dosed with vehicle or Metam sodium at 350 mg/kg/day for 2 consecutive days and blood samples taken 1, 2, 4 and 6 hrs after the second dose for bioanalysis. However, bioanalysis was not possible “due to feasibility to validate a method for detection”. Therefore, there is no direct proof of systemic exposure, and therefore no direct proof of exposure of liver and bone marrow.
For the MN endpoint, bone marrow smears were stained with a Giemsa-based stain. Although this is acceptable for mouse bone marrow preparations, it is not recommended for rats since mast cell granules can stain and look like MN which can confound the analysis. Most laboratories now use a nucleic acid-specific stain such as acridine orange. Slides were coded before microscopic analysis, and 4000 polychromatic erythrocytes (PCE) per animal were scored for MN, which complies with the latest (2016) version of OECD guideline 474.
For the comet endpoint, preparation of single cell suspensions, lysis, electrophoresis and staining were performed according to recommended methods. Slides were coded before scoring by image analysis, and 150 cells per tissue per animal were scored for comets, which complies with the latest (2016) version of OECD guideline 489.
Bone marrow MN frequencies in vehicle control animals were normal (within 95% control limits) and were significantly increased by positive control (cyclophosphamide) treatment. MN frequencies in Metam sodium-treated animals were actually lower than in vehicle controls. There was only a slight reduction in PCE:NCE ratio at the top dose which is not sufficient to indicate bone marrow toxicity. With the lack of plasma concentration data, and clinical signs not being clearly indicative of systemic toxicity, there is no direct proof that the bone marrow was exposed. However, toxicity in the liver (see histopathology notes below) clearly indicates systemic exposure, and therefore the negative MN result should be considered valid.
In acquiring the comet data, slides were observed for presence of “hedgehogs”, severely damaged cells which should not be included in the overall tail intensity measurements but can provide information on the quality of the preparations and possibly also indicate toxic effects. Apparently only 1 hedgehog was found in the whole study and so the data were not reported. Whilst the frequency of hedgehogs in good quality preparations should be low, a frequency of zero is unusual and raises some questions regarding the competence of the laboratory.
For the comet assay, % tail intensity values for vehicle control animals were normal (within 95% control limits) for both liver and stomach and were significantly increased by positive control (ethyl methanesulfonate) treatment. In the low and mid Metam sodium dose groups % tail intensity was similar to vehicle controls. However, % tail intensity increased in the top dose group in both liver and stomach to be significantly different from concurrent vehicle controls, and to slightly exceed the upper 95% control limit of the historical negative control distribution. Although trend test data are not presented in the report, the study director states that for both tissues the increases in tail intensity were dose dependent. Thus, although the comet responses were weak (<2-fold increases and only marginally exceeding historical negative control ranges), all 3 criteria for a clear positive response (as defined in OECD guideline 489) were satisfied.
Histopathology showed marked signs of toxicity in both liver and stomach in all animals (except where noted) in the top dose (350 mg/kg/day) group, namely:
· Single cell necrosis, inflammation and hepatocellular hypertrophy in liver
· Erosion/ulcer, inflammation, oedema, squamous cell hyperplasia (2/5 rats) and hyperkeratosis (3/5 rats).
There is no clear guidance on what kinds of histopathological changes might lead to DNA strand breakage as a secondary consequence, but it should be noted that single cell necrosis (in liver) and erosion/ulcer (in stomach) represent cell death. Moreover, inflammation would most likely lead to neutrophil and macrophage infiltration and production of reactive oxygen species, which would be expected to induce DNA strand breaks. Since there were no increases in tail intensity at the mid and low doses, it is highly likely that the DNA strand breaks in both stomach and liver at the top dose were a secondary consequence of tissue toxicity. 
Thus, Metam sodium did not induce MN in rat bone marrow in a study that should be considered robust except for the omission of dose formulation analysis. However, this is not considered critical since systemic (and therefore target tissue) exposure was confirmed by liver toxicity. Metam sodium did induce weak increases in DNA strand breaks but only at dose levels inducing clear tissue toxicity. The weight of evidence therefore indicates that Metam sodium does not induce genotoxicity in vivo at dose levels that are not associated with tissue toxicity.

Other studies
An in vitro unscheduled DNA synthesis (UDS) test was performed by Cifone in 1987, and a DNA recombinogenic repair test (Rec assay) in Bacillus subtilis was performed by Hoorn in 1987. Although negative results were obtained in both studies, since neither of these study types are used for regulatory purposes, they are not considered to contribute to the overall assessment of genotoxicity. 

Discussion
Metam sodium did not induce gene mutations bacteria in a robust Ames test, but there was evidence of induction of gene mutations in mouse lymphoma cells, particularly in the presence of S9. It did induce CA in cultured human lymphocytes in both the absence and presence of S9, although the responses were generally weak, but there was also evidence of clastogenic effects in the mouse lymphoma assay. It was therefore important to follow up these in vitro findings with in vivo studies. Investigation of CA, MN and comets in vivo is appropriate to follow up on potential clastogenicity, and the comet assay is also appropriate to follow up on gene mutation potential. 
Several follow up studies in vivo were performed:
· A Chinese hamster bone marrow CA study showed a statistically significant 9-fold increase in cells with CA at the 24-hr sampling time for animals dosed with 600 mg/kg. However, the extent of cytotoxicity at this dose was not reported (no mitotic index data), and so it is not known whether the chromosome damage could be an indirect consequence of bone marrow toxicity. The authors concluded the increase was not biologically relevant because the vehicle control CA frequency was low, but no historical control data were reported and there is little published data on bone marrow CA in Chinese hamsters, so this study should be considered “inconclusive”.
· A mouse bone marrow MN study was also considered “inconclusive” since only a single dose was used, too few PCEs were scored, and there was no direct or indirect evidence of systemic exposure.
· In a combined rat bone marrow MN and comet assay in liver and glandular stomach, which followed the most recent OECD guidelines, MN frequencies were not significantly different from controls and did not exceed historical negative control ranges. Although there was no direct proof of bone marrow exposure, liver toxicity confirmed systemic exposure and since the bone marrow is a well-perfused tissue, also confirms the bone marrow would have been exposed. Comet tail intensities were significantly increased in both stomach and liver at the top dose (350 mg/kg/day), but the increases were weak (<2-fold), and there was significant toxicity in both tissues at this dose, so the possibility that the DNA strand breaks were due to tissue toxicity, or due to oxidative stress resulting from inflammation, cannot be excluded. 
There is therefore no clear evidence that Metam sodium is genotoxic in vivo. Even if the increased comets did represent a direct genotoxic effect, comets are only considered an “indicator” of genotoxicity (as discussed in the 2017 Guidance Document on Revisions to OECD Genetic Toxicology Test Guidelines) since the DNA strand breaks may be repaired or may be lethal and may not be converted to stable genetic changes. The fact that no MN were induced in rat bone marrow in the same robust study indicates that Metam sodium does not induce stable genetic changes.
For the classification of a substance as a germ cell mutagen in category 1B, according to section 3.5.2.3.9. of Annex I of the 2019 CLP regulation: 
“The classification of individual substances shall be based on the total weight of evidence available, using expert judgement. In those instances, where a single well-conducted test is used for classification, it shall provide clear and unambiguously positive results. If new, well validated, tests arise these may also be used in the total weight of evidence to be considered. The relevance of the route of exposure used in the study of the substance compared to the most likely route of human exposure shall also be taken into account.” 
As discussed above, there are no “clear and unambiguously positive results” for Metam sodium in vivo. Therefore, classification as Muta1B is not justified.
According to section 3.5.2.2 of Annex I, classification for germ cell mutagenicity in category 2 may be considered on the basis of:
“Positive evidence obtained from experiments in mammals and/or in some cases from in vitro experiments, obtained from: 
– Somatic cell mutagenicity tests in vivo, in mammals; or 
– Other in vivo somatic cell genotoxicity tests which are supported by positive results from in vitro mutagenicity assays. 
Note: Substances which are positive in in vitro mammalian mutagenicity assays, and which also show chemical structure activity relationship to known germ cell mutagens, shall be considered for classification as Category 2 mutagens.”

Metam sodium is not structurally related to a known germ cell mutagen. Also, as discussed above, there is no “positive evidence” of in vivo genotoxicity in somatic tissues – only effects in an indicator endpoint (comets) under conditions of tissue toxicity. Clear negative results were obtained in a robust rat bone marrow micronucleus test, with indirect evidence (liver toxicity) of systemic (and therefore bone marrow) exposure. Therefore, classification as Muta2 is also not justified.

In conclusion, Metam should not be classified.
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