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[bookmark: _Toc130833242]Introduction
Metam is approved as soil fumigant under Regulation (EC) No 1107/2009 and is subject to EU renewal approval. It is widely used in Europe and globally with proven efficacy.
The active substance Metam releases the active metabolite Methyl Isothiocyanate (MITC). MITC acts as a non-systemic protective fumigant and controls a broad spectrum of soil active plant pathogenic fungi, nematodes and weed seeds. The active substance is manufactured and used in the form of Metam-sodium and Metam-potassium.
This assessment of the developmental toxicity of Metam-sodium was conducted as an independent assessment of the developmental toxicity studies performed with Metam-sodium.

[bookmark: _Toc130833243]CLH Proposals for Metam-sodium
In the context of the EU renewal approval of Metam-sodium as a soil fumigant in the EU, different classifications of the substance for reproduction toxicity were proposed by industry and the Dossier Submitter (DS) Rapporteur Member State (RMS) Belgium, as follows:

Table 1:	Proposed classification for Metam for human health
	[bookmark: _Hlk130296569]Proposed classifications for Metam-sodium

	Industry
	DS

	Acute Tox. 4 (H302, H332), EUH031
	Acute Tox. 4 (H302, H332), EUH031

	Skin Corr. 1 (H314)
	Skin Corr. 1 (H314)

	Skin Sens. 1 (H317)
	Skin Sens. 1 (H317)

	STOT-SE 1 (H370, liver)
	STOT-SE 1 (H370, liver)

	STOT-RE 1 (H372, liver)
	STOT-RE 1 (H372, liver)

	Carc. 2 (H351)
	Carc. 2 (H351)

	No classification proposed for germ cell mutagenicity
	Muta. 2 (H341)

	No classification proposed for reproductive toxicity
	Repr. 2 (H361d)



In the opinion of industry and in accordance with RMS Belgium it is generally agreed that there is sufficient evidence that Metam-sodium does not affect fertility or reproduction in animals.
[bookmark: _Hlk155706248][bookmark: _Hlk132791375]With regards to developmental toxicity, we disagree with the position of the RMS and are of the opinion that minor developmental effects observed in studies in rats and rabbits do not support the proposed classification of Metam-sodium in Category 2 for reproductive toxicity.



[bookmark: _Toc130833244]Evaluation of Developmental Toxicity Studies with Metam-sodium
WE conducted an independent evaluation of the results of the available developmental toxicity studies in rats and rabbits performed with Metam-sodium. An overview of the main findings with respect to maternal embryo-/foetal and developmental toxicity is presented in the following Table 2 and is also discussed further below.

[bookmark: _Ref84238132][bookmark: _Hlk84579266][bookmark: _Hlk84862733]Table 2:	Overview on the effects of Metam-sodium observed in main developmental toxicity studies in rats and rabbits
	Study 
	Main Results 

	[bookmark: _Hlk130202329]Prenatal Toxicity study in rats (BASF #87/0128, 1987)
Dose levels: 0, 10, 40, 120 mg/kg bw
	Maternal toxicity: 
120 mg/kg bw: marked dose-related reduction of body weights, body weight gains and food consumption during the treatment period (GD 7-10) and after termination of treatment with an effect on corrected terminal body weights.
40 mg/kg bw: marked dose-related reduction of body weights and food consumption during the treatment period.

Foetotoxicity:
120 mg/kg bw: foetal weights and placental weights significantly reduced.
40 mg/kg bw: foetal and placental weights reduced.

Developmental toxicity:
120 mg/kg bw: 2 foetuses in one litter with meningocele (head) and 1 foetus with microphthalmia (bilateral); statistically significant increased incidences of skeletal variations and retardations. 
40 mg/kg bw: trend towards increased incidence of skeletal anomalies and variations (not dose-related) and retardations (statistically significant). Higher incidence of eviscerated organ variations (enlarged/dilated renal pelvis) but not evident when analysed by Barrow/Taylor (enlarged renal pelvis, hydroureter). 

NOAEL maternal and developmental: 10 mg/kg bw 
[bookmark: _Hlk130202915]A detailed investigation of findings observed in the developmental toxicity as shown in a supplementary document (ICI Americas Inc. 1991, provide as confidential attachment) clearly show that some incidences of individual skeletal findings (retardations, ossification, variations) observed in the low dose group of 10 mg/kg at slightly higher incidences than control values were either within historical control data (HC) or of very low incidence and without general pattern. They were considered not test item related. 


	Developmental toxicity study rats (CTL/P/4052, 1993)
Dose levels: 0, 5, 20, 60 mg/kg bw
	Maternal toxicity:
60 mg/kg bw: clinical signs (piloerection, subdued behaviour, urinary incontinence, eye discharge, salivation, staining around mouth) as well as effects on food consumption and body weight loss (10%) most marked during first days of dosing (GD 7-10) and lower body weights at termination (8%). 
20 mg/kg bw: clinical signs (urinary incontinence, salivation, staining around mouth) as well as effects on food consumption and body weights (5%) most marked during first days of dosing (GD 7-10) and lower body weights at termination (3%).
5 mg/kg bw: marginal effects on food consumption and body weight.

Foetotoxicity:
20 and 60 mg/kg bw: reduced foetal body weights.

Developmental toxicity:
General: minor external/visceral defects similar for all groups; external/visceral variant (kinked ureter) with low incidence, no dose relation.
[bookmark: _Hlk130206854]60 mg/kg bw: major defects mainly related to the head of 6 animals (meningocele head, microphthalmia/anophthalmia, hydrocephalus, malformation of skull (upper jaw shortened, cleft lip, abnormal zygomatic arch), left cervical arch not ossified/reduced cervical arch); minor defects and variants of reduced ossifications (statistically significant) of the skeleton (odontoid, cervical vertebrae, sternebrae).
20 mg/kg bw: single incidence of major defects (exencephaly (1) and umbilical hernia (1)) without dose-relation; skeletal variants of reduced ossification (statistically significant) of the skeleton (odontoid, cervical vertebrae).
5 mg/kg bw/d: single incidence of major defect of abnormal zygomatic arch without dose-relation (not seen in control and mid dose, but high dose) in 1 foetus; increased incidence of skeletal variants (reduced ossification of vertebrae, calcaneum not ossified). 

NOAEL maternal and developmental: 5 mg/kg bw 
The dose level of 5 mg/kg bw was considered the NOAEL for maternal and developmental toxicity in this study. 


	Prenatal Toxicity in rabbits (BASF #87/0255, 1987)
Dose levels: 0, 10, 30, 100 mg/kg
	Maternal/Embryotoxicity:
100 mg/kg bw: reduced food consumption during treatment (GD 9-14) and diminished body weight gain treatment and post-treatment (GD 9-14); statistically significant increased number of dead implants/reduced no. of live foetuses resulting in increased post-implantation loss; 
reduced uterus and increased placental weight.
30 mg/kg bw: trend towards increased no. of dead implants/decreased no. of live foetuses resulting in increased post-implantation loss.

Developmental toxicity:
General: organ (separate origin of carotids) and skeletal variations/retardations (ribs, clavicula, sternebrae, vertebrae) in all groups with no dose-relation.
100 mg/kg bw: 1 foetus with meningocele head and 1 with spina bifida; 1 foetus showing agenesia of gallbladder and 1 with truncus arteriosus communis (major malformations); 1 incidence of pseudoankylosis (variation).
30 mg/kg bw: 1 foetus with agenesia of gallbladder (major malformation); 1 incidence of pseudoankylosis (variation).
10 mg/kg bw: single incidences of variations (pseudydoankylosis and abnormal position of hind limb).

NOAEL maternal and developmental: 10 mg/kg bw 
There were no statistically significant differences for anomalies, variations and retardations. At the NOAEL of 10 mg/kg bw only variations (pseudoankylosis and abnormal position of hind limb) were seen.

	Developmental study rabbits (CLT/P/4035, 1993)
5, 20, 60 mg/kg bw
	Maternal/Embryotoxicity: 
60 mg/kg bw: marked body weight loss (max. 7% on GD 9-12) lower than the control) and reduced food consumption (between 23.9 – 70.4% on GD 8-11) during treatment (mainly during first days of dosing); incidence of few faeces, red/orange staining on tray; increased number of total resorptions and post-implantation loss, decreased litter size.
20 mg/kg bw: slight body weight loss during first days of dosing (GD 9-10).

Foetotoxicity:
60 mg/kg bw: lower uterus, litter and foetal weights.

Developmental toxicity:
60 mg/kg bw: major malformations of 2 foetuses with cleft palate, 1 foetus with meningocele (combined with cleft palate) and gross malformation of skull, 1 foetus with multiple malformations and 1 with 1st lumbar vertebrae arch not ossified; some minor defects with lower incidence than control and increased incidence of skeletal variants. 
20 mg/kg bw: major malformations in 1 foetus with ribs (5/6) extremely fused and 1 foetus with 11th rib absent, both not dose-related; minor skeletal defects/variants not dose-related and within historical control data.
5 mg/kg bw: 1 foetus with head exencephaly, cleft palate, hind limb malrotated, hind paw flexed, skull agenesis, reduced no. of phalanges hind paw, not considered compound-related; 1 foetus with pulmonary artery reduced and aorta enlarged, also seen in 2 control animals; 1 foetus with gall bladder absent, also seen in 2 control animals; 1 foetus with 2 or more lung lobes absent, liver thickened and fused lobes, incomplete closure of body wall. 

NOAEL maternal: 5 mg/kg bw
NOAEL embryo/foetotoxicity: 20 mg/kg bw
NOAEL development: 20 mg/kg bw


	
	



Studies in rats
In total, 4 main developmental toxicity studies in rats and rabbits were conducted with Metam-sodium and yielded the following relevant results: 
[bookmark: _Hlk130211222]In the first prenatal developmental toxicity study in rats (0, 10, 40, 120 mg/kg bw) conducted by BASF (#87/0128, 1987), there was no statistically significantly increased incidence of anomalies between the different treatment and control groups. The major finding was a meningocele (head) in 2 foetuses of 1 litter which was also seen in the preceding range-finding study. Another foetus was found with microphthalmia (bilateral). These findings were however observed only at a very high dose level (120 mg/kg bw) which also induced severe maternal and foetal toxicity in combination with retarded ossifications and incomplete ossifications of the skull. Maternal toxicity and findings on skeletal variations and retardations with a trend towards higher incidences were also observed in the mid dose group (40 mg/kg bw). Only very low incidences were observed in the low dose group (10 mg/kg bw), but these observations were either within historical control (HC) data as shown in a supplementary document (Supplementary Information Historical Control Skeletal Variations in the Metam Sodium Rat Teratology Study – Addendum to MRID No. 41577101, provided as a confidential attachment), or of very low incidence and without general pattern and can therefore be considered non-test-item related. Therefore, the NOAEL for developmental toxicity of 10 mg/kg bw, which also presents the maternal NOAEL, can be confirmed.
In a later dose range finding (DRF) study in rats (CLT/T/2823, 1993), severe maternal toxicity evident by effects on food consumption and body weight as well as foetoxicity was observed. Also in this study, one incidence of meningocele was seen at the high maternal and foetal toxic dose level of 80 mg/kg bw. In the subsequent main developmental toxicity study in rats (CTL/P/4052, 1993) with dose levels of 0, 5, 20 and 60 mg/kg bw, severe maternal toxicity was observed at 20 and 60 mg/kg bw evident by clinical signs in the high dose group (60 mg/kg bw) and dose related effects on body weight and food consumption most marked during the first days of the treatment period. In these dose groups, foetotoxicity was also seen by reduced foetal weights and retarded ossifications in the high dose group. In general, minor external/visceral defects were observed with similar incidences across all groups. An external/visceral variant (kinked ureter) was seen with low incidence and no relation to the dose in all groups. Major defects were observed at the high dose level of 60 mg/kg bw, mainly related to the head of the animals, and in addition minor skeletal defects and variations of reduced ossifications of the skeleton. In the mid dose group of 20 mg/kg bw, only isolated incidences of major defects without dose-relation and/or within HC data of the laboratory were seen together with skeletal variations. The findings in the mid and high dose groups are clearly related to the maternal toxicity observed in these groups and are therefore considered secondary. Few major defects seen in the low dose group of 5 mg/kg bw were of low incidence and not coherent over the dose range investigated and also not statistically significant. Therefore, the NOAEL for maternal and developmental toxicity can be confirmed at 5 mg/kg bw.

Studies in rabbits
In a first prenatal developmental toxicity study in rabbits (0, 10, 30 and 100 mg/kg bw) conducted by BASF (87/0255, 1987), maternal toxicity evidenced by effects on body weight and food consumption during the treatment period as well as diminished overall body weight gain were observed at 100 mg/kg bw. In addition, a dose-related increased number of dead implants and reduced number of live foetuses resulting in increased post implantation loss were seen in the mid and high dose groups (30 and 100 mg/kg bw). In the high dose group, effects on uterus and placental weights were also observed. There were no differences in the incidences of anomalies, variations and retardations between the control and treated groups. However, in the high dose group, single incidences of major abnormalities were seen (meningocele and spina bifida, agenesia of gallbladder and truncus arteriosus communis), and at 30 mg/kg bw, one incidence of a major malformation was also seen (agenesia of gall bladder). Therefore, based on these findings, the NOAEL for maternal/embryotoxicity and developmental toxicity can be confirmed at 10 mg/kg bw. 
In addition, a DRF study was conducted in non-pregnant and pregnant rabbits. Pregnant rabbits were treated with dose levels of 0, 5, 20, 40 and 60 mg/kg bw Metam-sodium (CLT/T/2828, 1993). In this study, intrauterine death and post-implantation loss were observed dose-dependently at 40 and 60 mg/kg bw and low incidences of external malformations were observed in the study with the highest incidence in the control group. Based on these results, a developmental toxicity study (CLT/P/4035, 1993) with dose levels of 0, 5, 20 and 60 mg/kg bw was conducted. At the high dose of 60 mg/kg bw, the maternal toxicity was evident by considerable weight loss upon initiation of treatment, reduced food consumption and an overall reduced body weight development during the study. Although not seen as drastically as in the DRF study, the MTD was most probably exceeded in the main study. This was also reflected by marked embryo-/foetotoxicity at this dose level rendering the evaluation of developmental toxicity at this dose somewhat questionable.

The total incidence of major malformations, including meningocele combined with cleft palate in one foetus of the high dose group, was not increased compared to the control group, but the proportion of foetuses with malformations was higher. Reduced food consumption and slight maternal weight loss was also observed in the mid dose group (20 mg/kg bw) but not in the low dose (5 mg/kg bw). This was combined with a low incidence of changes in the ossification pattern although the individual findings were not dose-related and within historical control data. Considering that the MTD appeared to be exceeded in the high dose group, the overall incidence of major malformations was 5, 4, 2 in the control, low and mid dose group groups (5, and 20 mg/kg bw, respectively) and thus without dose-relation, and the individual findings in these groups can be considered as single incidence without relation to treatment. With respect to minor defects, there was no increase in the individual or overall incidences, and there were no compound-related changes in mean manus and pe scores. Therefore, based on this study, the NOAEL for maternal toxicity is 5 mg/kg bw and for developmental effects 20 mg/kg bw.



[bookmark: _Toc130833245]Maternal Toxicity and Developmental Effects
For the interpretation of the results of the developmental toxicity studies conducted in rats and rabbits with Metam-sodium, the following considerations need to be taken into account: as also described by Khera et al. (1985), salient maternal toxicity is associated with foetal malformations, and in the studies conducted with Metam-sodium severe maternal toxicity was observed at the highest dose levels at or above the MTD and also in the mid dose groups. In general, frequent findings associated with maternal toxicity are fused, extra, missing or wavy ribs, as well as fused, retarded, missing or split vertebrae, and missing, fused or nonaligned sternebrae. These findings were seen in studies in rats and rabbits at maternal toxic dose levels. At and below maternal toxic doses they occurred only with low incidences, without relation to dose and or within historical control data. Less frequently, maternal toxicity-associated findings are ex-, an-, or microphthalmia, cleft palate, umbilical hernia, shortening or bending of long limb bones, ecto- or syndactyly, crooked, short, or no tail. In the studies with Metam-sodium presented above, isolated incidences of meningocele, microphthalmia/anophthalmia, hydrocephalus, malformation of skull and cleft palate were seen, but with only meningocele occurring consistently in rats and rabbits at severely maternally toxic doses.
Meningocele was used in the study as a general term for these malformations occurring in the head of the rats and rabbits at maternally toxic dose levels. However, this is a rare malformation in laboratory animals, which is also known to exist with a genetic predisposition (Copp and Greene 2013). In this context, beside the meningocele in the head observed at high maternally toxic doses, it should be also recognised that in the studies in rabbits, further neural tube defects (spina bifida, meningocele and rachischisis) were also observed in the control groups, pointing towards genetic predisposition for these abnormalities, although observed only at low incidence.
Neural tube defects (NTDs) are the overarching description for a variety of malformations. During embryonic development, if the progression of spinal neurulation along the body axis is severely delayed or halted, then open spina bifida result. In normal embryos, the vertebral arches develop from the sclerotomal component of the axial mesoderm, which migrates dorsally to surround the closed neural tube before undergoing cartilaginous and bony differentiation (Copp and Greene 2013).
The term spina bifida is also described as spinal meningocele, meningomyelocele, myelocele or myelomeningocele, and represents a family of defects in the closure of the spinal column. Meningoencephalocele (encephalomeningocele, cephalocele, craniocele, encephalocele) represents a herniation of brain and meninges through a cranial opening, and finally cranial meningocele is a herniation of meninges through a defect in skull (Makris et al. 2009). Encephalocele appears to be primarily a defect of cranial mesoderm development. A persistent opening in the skull, at occipital, parietal or fronto-ethmoidal locations, allows the meninges to herniate creating an extra-cranial mass. Spinal meningocele resembles encephalocele in comprising herniation of meningeal tissue through a skeletal opening, i.e. in the vertebral column (Copp and Greene 2013).
Myelomeningocele is caused by a developmental defect of the spinal cord structures (i.e. meninges and vertebrae) during the embryonic period, mainly between the third and fourth weeks of gestation in humans, and is the result of a failure in the closure of the posterior neural tube (Tornali et al 2021). These developmental stages in humans are reflected in laboratory animal on GD 11-12 in rats and 9-11 in rabbits. However, the exact cause for this congenital malformation is unknown, but it is likely that many different factors may be involved, e.g. malnutrition. In humans, environmental and nutritional factors, however, act on a genetic predisposition, demonstrated by the fact that the risk of recurrence is 3-4% after a first child with myelomeningocele and rises to 10% after two affected children (Tornali et al. 2021). In the studies with Metam-sodium in rats and rabbits, severe effects on food consumption were seen at a maternally toxic dose level in these early phases of the embryonic development, which represents the vulnerable period for these kinds of malformations. 
Taking these factors in consideration for the assessment of a potential developmental toxicity of Metam-sodium, it can be concluded that the observed findings in rats and rabbits are most probably related to toxicity of the substance to maternal animals and does not represent a direct developmental effect in the offspring.

[bookmark: _Toc130833246][bookmark: _Hlk130470434]Summary and Conclusion 
Developmental toxicity was evaluated in 4 main studies performed with Metam-sodium in rats and rabbits. Based on these studies an overall NOAEL for maternal toxicity can be established at a dose level of 5 mg/kg bw with minor or no findings at 10 mg/kg bw, some maternal toxicity at 20 to 40 mg/kg bw and severe maternal toxicity at dose levels higher than 60 mg/kg bw. Embryo- and or foetotoxicity were seen at dose levels at and above 20 mg/kg bw as well.
With respect to developmental toxicity, evidence of major defects was observed only at dose levels showing also severe maternal toxicity. One finding (meningocele, head) was consistently seen in the developmental toxicity studies in rats and rabbits, while single incidences of other major findings were without dose-relation and did not show a general pattern. Taking all findings into consideration, an overall NOAEL for developmental toxicity of Metam-sodium can be established at 5 mg/kg bw with major findings only observed at higher maternally toxic dose levels with a NOAEL of 40 mg/kg bw.
Based on an assessment of the findings on developmental toxicity it can be concluded that there is no sufficient evidence to consider Metam-sodium as primarily toxic to the development of rat and rabbit offspring, and that the factors contributing to the findings can be related to maternal toxicity, especially malnutrition, during the primary days of gestation.
Based on this assessment, there is no sufficient evidence of a direct effect of Metam-sodium on embryo-foetal development and therefore no classification into Category 2 for reproductive toxicity is warranted. 
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