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I wish to comment on the Genetic Toxicity assessment of trimethylolpropane triacrylate (TMPTA).
ANSES have concluded for TMPTA that “… the available data do not allow classifying the substance as Muta. Cat. 2” and “The substance cannot be classified as a germ cell mutagen according to CLP Regulation”. In reaching these conclusions, ANSES expressed certain concerns:
1. The negative result in an in vivo micronucleus (MN) test (Anonymous, 2006) to be “questionable since there is no adequate evidence of target tissue (bone marrow) exposure”
2. A MN study performed as part of the US National Toxicology Program (NTP, 2005) should be “disregarded because it does not follow any guideline and no positive control was included to validate the protocol”. A reliability score of 3 (not reliable) was allocated.
3. [bookmark: _Hlk18416040]An in vivo comet assay in mice (Anonymous 2018) was “inconclusive” because (i) an unusual vehicle (PEG 400) was used, (ii) the animal tissues (liver and bone marrow) were collected only 30 minutes after the second or 2 doses which is considered too early since the OECD guideline (OECD, 2016b) recommended 2-6 hrs, (iii) insufficient relevant historical control data were provided for bone marrow to allow comparison of TMPTA responses with historical control ranges, (iv) achieved concentration and homogeneity results were inadequate in the first experiment, and (v) statistical significance at the mid-dose level (10 mg/kg) in a repeat study is questionable.
I believe these concerns are not justified, and my reasons are discussed in detail below. I therefore believe the data justify a stronger conclusion, that TMPTA is not genotoxic in somatic tissues in vivo and therefore is not a suspected germ cell mutagen.  

1. The “Anonymous 2006” mouse bone marrow MN study
[bookmark: _Hlk18405367]The “Anonymous 2006” study was a mouse bone marrow MN study by Haddouk (2006) and is reported in detail in Kirkland & Fowler (2018). The study was GLP compliant. Three dose levels were tested, with the top doses, established in a range-finding experiment, being 1750 mg/kg in males and 2000 mg/kg in females. Mice were dosed orally on a single occasion. Bone marrow samples from all dose groups (including vehicle and positive controls) were taken at 24 hrs, and from the top dose group and vehicle controls at 48 hrs. MN were scored in 2000 polychromatic erythrocytes (PCE) per animal, which is less than currently recommended in the revised OECD Test guideline TG474 (OECD, 2016a) but complied with the requirements of the previous TG (OECD, 1997) which was in place at the time of the study (2006). MN frequencies in vehicle control animals were normal and within the laboratory’s historical control range, whilst the positive control, CPA, induced signiﬁcant increases in MN frequency. MN frequencies in TMPTA-treated mice were similar to those in vehicle controls in both sexes, all dose groups and both sampling times. 
It is correct that there was no clear or dose-related reduction in PCE:NCE ratio, and therefore no clear evidence of bone marrow toxicity, and that no blood samples were taken to be analysed for presence of TMPTA. There is therefore no direct evidence that the target tissue (bone marrow) was exposed. However, in Section 9 of the CLH report it is stated:
[bookmark: _Hlk18414911]“Following the REACH guidance document 7c, the physicochemical properties of TMPTA (molecular weight of ~296 g/mol and water solubility of 500 mg/L) are favourable to oral absorption. According to Danish QSAR database, an absorption from gastro intestinal tract for a dose of 1 mg is estimated at 95% and for a dose of 1000 mg at 50%. Additionally, acute oral toxicity studies (Anonymous 1972, Anonymous 1980) showed deaths indicating some evidence of bioavailability. Finally, considering the irritating properties of TMPTA, oral absorption may be enhanced by irritation of the gastro-intestinal tract.”
Thus, it is highly likely that the bone marrow was exposed, and that the negative MN results from this mouse study were valid, and make a meaningful contribution to the evaluation of the genotoxic potential of TMPTA.

2. The NTP (2005) mouse peripheral blood MN studies
NTP investigated MN induction in peripheral blood of male and female B6C3F1 mice (10/sex/group), dosed 5 days/week for 14 weeks, and in male and female Tg.AC hemizygous mice (15/sex/group), dosed 5 days/week for 28 weeks with TMPTA, dissolved in acetone, by the dermal route. The doses in each study were 0.75, 1.5, 3, 6 and 12mg/kg/day. The highest dose caused irritation and inﬂammation at the site of application. MN were scored in mature (normochromatic) erythrocytes (NCE), but it is not clear how many NCE were scored for each animal. Slide scoring was manual and MN frequencies were expressed per 1000 NCE. The data are summarised in Kirkland & Fowler (2018). The frequencies of micronucleated erythrocytes in peripheral blood samples from either B6C3F1 or Tg.AC hemizygous mice treated with TMPTA by skin painting for 3 or 6 months respectively, were similar to those in vehicle controls, and there were no signiﬁcant differences. The result was therefore negative. Although no toxicokinetic data were presented alongside the MN results, dermal absorption had been demonstrated in an earlier dermal absorption/metabolism/excretion study. In mice, a total of 75% of the dermally applied [14C]-TMPTA was absorbed 72h after a single dose of 1.2mg/kg. As stated in Section 9 of the CLH report “… significant amounts of TMPTA are absorbed if applied dermally in rats and mice”, and therefore systemic (and bone marrow) exposure following dermal application in the MN study can be assured.
NTP uses a standard protocol for its MN studies, and has been doing so for many years. The protocols for bone marrow and blood MN assays performed by NTP are available at https://ntp.niehs.nih.gov/testing/types/genetic/index.html#study-protocols, and the supporting methodology has been published by Witt et al. (2008) and Dertinger et al. (2011). According to the individual animal data on the NTP website, 2000 NCE/animal were scored manually for MN in each of the 2 strains of mice. This is less than currently recommended (OECD, 2016a) but complies with the guideline (OECD, 1997) in place at the time of the study (2005). Moreover, the guideline states that “If there is no evidence for a different response between the sexes, the data from both sexes may be combined for statistical analysis”. Since the dose levels and the MN results in both males and females were the same (negative), and more animals/dose level were included than the minimum required, by combining the results, statistical power much greater than recommended in the current (OECD, 2016a) guideline would be achieved. The current OECD guideline (OECD, 2016a) clearly states that “The frequency of mature erythrocytes that contain micronuclei in the peripheral blood also can be used as an endpoint in species without strong splenic selection against micronucleated cells and when animals are treated continuously for a period that exceeds the lifespan of the erythrocyte in the species used (e.g. 4 weeks or more in the mouse)”. Moreover, the current OECD guideline (OECD, 2016a) also states that inclusion of a concurrent positive control “may be waived when the testing laboratory has demonstrated proficiency in the conduct of the test and has established a historical positive control range”. Although NTP has not published historical control ranges, many substances have been reported as positive, and there is therefore no doubt that the NTP protocol can detect genotoxic substances. 
It is therefore not correct to conclude that the NTP study is unreliable, because it did follow (in fact in many ways exceeded) the actual OECD guideline, and the absence of a concurrent positive control is acceptable in an established laboratory using a protocol that has delivered many positive results. The study should be considered reliable (reliability score of 1), and the negative MN results should be included in the evaluation of the genotoxic potential of TMPTA.

3. The in vivo mouse comet assay in bone marrow and liver
In light of the absence of direct evidence of systemic (and therefore bone marrow) exposure in the MN studies discussed above, and the reliance on predictions based on REACH guidance document 7c, it was decided to perform this comet assay using intravenous (i.v.) dosing, thus ensuring that the target tissues (bone marrow and liver) would be exposed, and this was accepted by ECHA. Although a proposed maximum tolerated dose of 10 mg/kg/day was identified from a range-finding experiment and was used as the top dose in an initial study, inconsistencies in formulation analysis required the study to be repeated whereupon a second range-finding experiment was performed and a higher top dose of 20 mg/kg/day was used. Apart from the early sampling time and the question as to whether the historical control data supported the study (both discussed below), all other aspects of the study complied with the OECD Test Guideline TG489 (OECD, 2016b).
The 5 issues of concern raised by ANSES are discussed separately below.
(i) [bookmark: _Hlk18417991][bookmark: _Hlk18417225]ANSES argues that PEG 400 was not a suitable solvent (vehicle) due to its viscous properties and its anti-inflammatory properties. Certainly, a less viscous (e.g. aqueous) vehicle would have made i.v. injection much easier but TMPTA was not soluble in water or corn oil. ANSES suggested a more common solvent such as corn oil or CMC should have been considered. The viscosity of PEG 400 is 90.0 centipoise at 25°C. Whereas for corn oil the viscosity is slightly lower (65 centipoise at 20°C), for 1% CMC it is much higher (1500-3000 centipoise at 25°C). Thus, whilst corn oil could have been preferred based on viscosity, CMC would certainly not have been a better choice. PEG 400 is strongly hydrophilic and would therefore be readily miscible with blood, allowing rapid homogeneous distribution though the body. Corn oil is not miscible with water and therefore would not have been an appropriate vehicle for i.v. injection. ANSES acknowledge that, according to the literature, PEG 400 is reported as well tolerated in different species and several routes, including the i.v. route. 

It appears the objection to the use of PEG 400 is based more on its reported anti-inflammatory/anti-oxidant properties, as well as some protective effects when administered with other substances. ANSES argue that PEG 400 may reduce or affect the intrinsic toxicity of TMPTA, and may counteract the irritation induced by TMPTA that may contribute to DNA damage. Therefore, they fear that using PEG 400 may have masked/decreased the reactivity of TMPTA. This would be a reasonable concern if TMPTA had been tested up to a non-toxic dose. However, it was toxic, and if PEG 400 did reduce the irritation and intrinsic toxicity of TMPTA at lower doses, it was overcome at higher doses. The fact that a dose of 30 mg/kg induced clonic convulsions, hunched posture and body weight loss indicates that any protective effects of PEG 400 were overcome at these doses, and hence a top dose of 20 mg/kg (as used in the second definitive experiment) was appropriate, and not likely to be masking the toxic or genotoxic effects of TMPTA.

(ii) The recommendation in TG489 (OECD, 2016b) to collect tissues 2-6 hrs after the last dose (of 2 or more doses) in a comet assay is based on routes of administration such as oral, inhalation, or dermal, allowing time for the test substance to be absorbed, enter the systemic circulation and reach the target tissues. Clearly, when a substance is administered i.v. it will reach the target tissues much more quickly, and therefore an earlier sampling time should be considered. In any case, the guideline states “The sampling time is a critical variable because it is determined by the period needed for the test chemicals to reach maximum concentration in the target tissue and for DNA strand breaks to be induced but before those breaks are removed, repaired or lead to cell death. The persistence of some of the lesions that lead to the DNA strand breaks detected by the comet assay may be very short, at least for some substances tested in vitro” (see Blakey and Douglas, 1984, 1990). The guideline also states “Accordingly, if such transient DNA lesions are suspected, measures should be taken to mitigate their loss by ensuring that tissues are sampled sufficiently early, possibly earlier than the default times” i.e. the 2-6 hr default sampling slot is a compromise in the absence of other defining factors. The guideline also states “The optimum sampling time(s) may be substance- or route-specific resulting in, for example, rapid tissue exposure with intravenous administration or inhalation exposure”. Thus, given all of the above, sampling at 30 minutes after the second dose is considered optimal.
(iii) [bookmark: _Hlk18424052]The bone marrow is not a tissue that is frequently sampled for induction of comets, since genotoxic effects in this tissue are more usually assessed by the MN endpoint. As a result, the laboratory performing the study (Covance) only had negative and positive control comet data in mouse bone marrow from one previous study. The mean tail intensity in the PEG 400 vehicle control group (0.18%) was slightly lower than the observed range (0.24-0.72%) in the previous bone marrow comet study with a different vehicle (CMC). Tail intensity values at 10 and 20 mg/kg/day TMPTA were very close to the concurrent vehicle control, and to the controls in the previous study. There was an increase to 0.67% in the low dose (5 mg/kg/day) group and this was significantly different from the concurrent vehicle control. However, there was no dose-response, and therefore the increase is probably due to chance. Moreover, there was no evidence of a comet response in liver, which is one of the target organs for carcinogenicity. Thus, although only limited vehicle control data for the bone marrow were available, it does not invalidate the conclusions that there was no evidence of biologically relevant induction of DNA strand breaks in bone marrow or liver at doses up to the maximum tolerated.
(iv) Since there were inconsistencies in the dose formulation analyses in the first experiment, a second experiment was performed and was valid. Therefore, the main conclusions on TMPTA genotoxicity should be taken from the second experiment, which, as discussed above, showed no evidence of biologically relevant induction of DNA strand breaks in bone marrow or liver at doses up to the maximum tolerated.
(v) The discussion regarding the statistical significance, or not (depending on which statistical analysis is done) of the comet response in bone marrow at 10 mg/kg/day TMPTA is irrelevant to the overall conclusion since, whether it was significant or not, there was no dose response and therefore no biologically relevant induction of DNA strand breaks.

In conclusion, the 3 in vivo studies that were considered by ANSES to be insufficient for an assessment of genotoxicity are considered to have provided valid results and should be considered. In this case, since negative results were found for MN in bone marrow (in 2 studies using different routes of administration, and over different dosing periods), and for DNA strand breaks in bone marrow and liver, there is no evidence that TMPTA is genotoxic in somatic tissues of rodents, and therefore, according to CLP Regulation, is not a suspected germ cell mutagen.
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