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1. [bookmark: _Toc8918436]Summary
Classification of pyridalyl for reproductive toxicity (effects on development) as Repr. 2 (H361d: May damage the unborn child) was recently proposed in the CLH report based on delayed vaginal opening in the two-generation toxicity study in the rats.

Although the age at vaginal opening appeared slightly delayed at 200 and 1000 ppm in F1 females and 1000 ppm in F2 females achieving statistical significance, the differences were small and there was no effect on other sex-hormone-related parameters, such as mating indices, fertility indices, gestation indices, implantation sites, oestrus cycle, and uterine weight. There was no effect on ano-genital distance, measured in F2 offspring but omitted from the CLH report. The age and weight of control animals at vaginal opening in the F1 and F2 generations was at the lower end or below the range of historical controls; age and weight of putatively affected offspring remained within the HCD range. In addition, in a specifically-designed and acceptable 4-week toxicity study in rats, serum oestradiol concentration did not change even at 2000 ppm. In the in vitro sex hormone biosynthesis assay also graded as acceptable, pyridalyl did not affect oestradiol synthesis in ovarian cells.

Furthermore, QSAR analysis showed that, based on the structure of pyridalyl, no developmental toxicity alert was triggered, being consistent with the considerations described above.

Considering weight of evidence: the observed difference was minor, occurred in the absence of any other developmental effect, with no detectable MoA, appears fully reversible and without long term consequences, and is feasibly attributable to atypical control group values. Classification of pyridalyl for developmental toxicity (Reproductive toxicant, H361d) is not warranted.

2. [bookmark: _Toc8918437]Introduction
Pyridalyl is a non-systemic, non-translocated insecticide intended to be used for control of noctuids. Classification for reproductive toxicity (effects on development) as Repr. 2 (H361d: May damage the unborn child) was recently proposed in the CLH report, as follows.
‘Overall, taking all the information into account, the adverse effect of delayed completion of vaginal opening should be considered for classification for effects on development. However, it is acknowledged that there is still some uncertainty as to whether the observed adverse effect (i.e. delayed vaginal opening) is a direct effect. Therefore, it is considered that there is some evidence of adverse effects on the reproduction. This effect warrants classification in category 2’
The objective of this document is to present and discuss the toxicological significance of delayed completion of vaginal opening observed in the two-generation toxicity study.

3. [bookmark: _Toc8918438]Delayed vaginal opening
In the modern (2001 OECD 416 guideline) two-generation toxicity study (3.10.1.1 of the Annex to the CLH, Study No. IET 99-0077, Report No. SUT-0050), vaginal opening (VO) was slightly delayed at 200 ppm in F1 females, and at 1000 ppm in both F1 and F2 females accompanying significant differences (Table 1). The differences between the control and treatment group were up to 2.1 days.

	Table 1. Age at VO in the two-generation toxicity study

	Dose level (ppm)
	0
	40
	200
	1000

	F1
	Age at VO (days)
	29.0
	29.8
	31.0**
	31.1**

	
	Body weight at VO (g)
	90.5
	93.8
	94.8
	94.4

	F2
	Age at VO (days)
	29.6
	29.5
	30.3
	31.3**

	
	Body weight at VO (g)
	95.4
	98.2
	97.5
	104.6**

	**: p<0.01
Age at VO (days);	Body weight at VO (g);
Historical control range: 29.6 to 31.5	Historical control range: 104.2 to 114.6
SEP acceptable range : 30.67 to 35.62 days	SEP’s acceptable range: 101.71 to 131.44



Generally, the variability in the ages and weights at which VO occurs is considerable (O'Connor, Cook et al. 2002). Clark et al. reported that the range of age at VO in Sprague Dawley (SD) strain rats was from 31.6 to 35.1 days and its variability was 2.0 days (Clark 1999). The U.S. EPA Standard Evaluation Procedure (SEP) of Pubertal Development and Thyroid Function in Intact Juvenile-Peripubertal Female Rats (OCSPP 890.1450, U.S. EPA) shows the performance criteria for age at VO in SD rats, as follows; Mean: 33.5 days, Acceptable Range: 30.67 to 35.62 days. Some reviews also indicate that the age at VO of the same SD rats used as in the two-generation study is over postnatal day 30 (Tanaka, Fujiwara et al. 1998; Ohkubo, Furuya et al. 1999). Thus, the ages at VO in the concurrent control group (F1: 29.0 days, F2: 29.6 days) were lower than the SEP’s acceptable range (30.67 to 35.62 days) as well as equal to or less than the lowest value of historical control data (historical control range in the test facility: 29.6 to 31.5 days) (Table 3 and Figure 1). On the other hand, the ages of VO at 200 and 1000 ppm in F1 females and 1000 ppm in F2 females were within both the SEP’s acceptable range and the historical control range. The evidence indicates that the apparent effect of pyridalyl on VO is marginal resulting from the incidental low values of ages at VO in the concurrent control and thus is not considered to be toxicologically significant ; this is also strongly supported by the preliminary study (Table 3.10.1.1-4 of the Annex to the CLH, Study No. IET 99-0076, Report No. SUT-0018) there were no differences of both age at VO and body weight at VO in F1 females between the control and 1000 ppm group (Table 4). There was no effect on anogenital distance, measured in F2 offspring (Table 2).

	Table 2. Ano-genital distance, F2 pups, in the two-generation toxicity study

	Dose level (ppm)
	0
	40
	200
	1000

	F2
	AGD (mm)
	0.93
	0.95
	0.94
	0.95

	
	AGD/(Bw)1/3 
	0.503
	0.518
	0.514
	0.530

	
	Body weight (g)
	6.3
	6.1
	6.1
	5.9

	Not statistically significant at p <0.05
AGD: ano-genital distance

	AGD/(Bw)1/3 : AGD relative to cube root of bodyweight



	Table 3. Historical control data of age at VO and body weight at VO

	
	Age at VO
	Number of
	Body weight at VO (g)

	Study ID (year)
	Mean ± S.D. (range)
	animals
	Mean ± S.D.

	A (1997)
	31.5
	±
	2.0
	(28-35)
	24
	106.0
	±
	10.0

	B (1997)
	31.3
	±
	2.0
	(29-38)
	24
	108.0
	±
	14.0

	C (1997)
	30.7
	±
	1.8
	(29-35)
	24
	110.5
	±
	11.6

	D (1997)
	31.1
	±
	1.8
	(28-34)
	19
	113.2
	±
	14.1

	E (1997)
	30.0
	±
	1.5
	(28-33)
	23
	107.5
	±
	10.2

	F (1998)
	31.2
	±
	1.8
	(27-33)
	24
	114.6
	±
	13.0

	G (1998)
	29.6
	±
	1.5
	(28-36)
	24
	104.2
	±
	12.2

	Total
	30.8 (29.6 - 31.5)
	162
	109.1 (104.2 - 114.6)

	Test facility: The Institute of Environmental Toxicology








	Table 4. Age at VO in the preliminary study

	Dose level (ppm)
	0
	100
	500
	1000

	F1
	Age at VO (days)
	30.1
	29.6
	30.9
	30.8

	
	Body weight at VO (g)
	108
	104
	104
	101



In the meantime, it is well known that oestradiol plays a key role in the process of VO. In the 90-Day toxicity study in rats (3.12.1.2 of the Annex to the CLH, Study No. S0450, Report No. SUT-0034), serum oestradiol concentration was decreased in females at 3500 ppm (233 mg/kg) (Table 5). However, when blood samples were collected for analysis of hormone, all females at 3500 ppm incidentally showed oestrus, metestrus or diestrus at which basal serum oestradiol concentration is physiologically low. In addition, there was no clear difference of serum oestradiol concentration at each oestrus stage between the control and 3500 ppm groups (Table 6). In the 28-Day toxicity study in rats (3.10.3.1 of the Annex to the CLH, Study No. S0998, Report No. SUT-0062) in which blood samples were collected when the rats were in proestrus, serum oestradiol concentration was not affected in females at 2000 ppm (102.2 mg/kg) (Table 7). Thus, considering the aspects of serum oestradiol concentration in the other studies with pyridalyl as well as the mean test substance intakes in F1 and F2 females at 1000 ppm during first 2-weeks from treatment week 1, which included day at VO (109.9 and 123.6 mg/kg, respectively), it is highly unlikely that the serum oestradiol concentration was affected at 1000 ppm. In the sex steroid hormone biosynthesis assay (3.10.3.2 of the Annex to the CLH, Study No. X0091, Report No. SUT-0061), exposure of Leydig and ovarian cells to pyridalyl (up to 30 μM) did not affect testosterone or oestradiol concentrations. A reporter gene assay (3.10.3.3 of the Annex to the CLH, Study No. RGA-002, Report No. SUT-0077) also showed that pyridalyl did not have a direct effect on human oestrogen receptors. In addition, although some anti-oestrogenic compounds affect sex hormone-related parameters as well as delayed VO (Marty, Crissman et al. 1999; Tsujioka, Ban et al. 2009), there were no effects on those parameters, such as mating indices, fertility indices, gestation indices, implantation sites, oestrus cycle, ano-genital distance and uterine weight in the two-generation toxicity study with pyridalyl. These findings support that slight delayed VO in F1 females at 200 and 1000 ppm and F2 females at 1000 ppm is not based on the inhibition of oestradiol production or anti-estrogenic activity. 

	Table 5. Serum oestradiol concentration in the 90-Day study

	
	Oestradiol (pg/ml)

	Control

	33 ± 16.3
(n=6)

	2000 ppm
	9 ± 3.4 **
(n=6)

	**: p<0.01



	Table 6. Serum oestradiol concentration at each oestrus stage in the 90-Day study

	
	Oestrus cycle

	
	Proestrus (P)
	Oestrus (O)
	Metestrus (M)
	Diestrus (D)

	Control

	47
(n=3#)
	17
(n=2)
	ND
(n=0)
	20
(n=1#)

	3500 ppm

	ND
(n=0)
	10
(n=2)
	7
(n=3)
	13
(n=1)

	ND: No Data	(unit: pg/ml)
# According to the original report, animal No. 112 showed “Diestrus” at necropsy. However, taking the cyclicity for last 8 days until necropsy (O, M, D, D, O, M, D, D) into account, the stage of oestrus cycle at necropsy would have been “Proestrus”.



	
Table 7. Serum oestradiol concentration# in 28-Day study

	
	Oestradiol (pg/ml)

	Control

	29.4
(n=8)

	2000 ppm
	33.8
(n=8)

	# Samples were collected on the day of proestrus



Increased ovary weight and/or increased incidence of vacuolation of ovarian interstitial gland cells were observed at 1000 ppm in P females and 200 and 1000 ppm in F1 females in the two-generation toxicity study. In the metabolism study in rats (2.1.2 and 2.1.5 of the Annex to the CLH, Study Nos. 807W/1221E-1 and 3515, Report Nos. SUM-0008 and SUM-0005, respectively), pyridalyl was widely distributed, with high and persistent residues occurring in fatty tissues. Residues were predominantly found in fat, but ovaries also showed relatively high residues. As lipid is abundant in ovarian interstitial cells, high residues of pyridalyl in ovaries are considered to have caused accumulation of lipid followed by the changes in lipid metabolism. Therefore, the effects on ovaries are considered to be attributed to high affinity of pyridalyl for lipid, but not to changes in steroidogenesis.

Body weight associated with delayed VO was slightly increased at 1000 ppm in F2 females (control: 95.4 g, 1000 ppm: 104.6 g), whilst it is known that delayed VO sometimes accompanies with reduced body weight, as reported (Kennedy and Mitra 1963; Carney, Zablotny et al. 2004). However, Stump et al. has shown that some compounds which decreased body weight during prepuberty induced delayed VO without body weight changes at VO (Stump, O'Connor et al. 2014). O’Connor et al. suggests that the variability of body weight at VO is considerable as well as age at VO (O'Connor, Cook et al. 2002). The body weight at VO at 1000 ppm in F2 females was similar to the lower limit of the historical control data, while the body weight at VO in the control group is below the lower limit of the historical control data. (1000 ppm: 104.6 g, historical control range: 104.2 to 114.6 g) (Table 3 and Figure 1). In addition, the body weight at VO at 1000 ppm in F2 females was within SEP’s acceptable range (101.71 to 131.44 g) and that in the control group (F1: 90.5 g, F2: 95.4 g) was outside the range. Therefore, the increased body weight at VO at 1000 ppm in F2 females was considered to be of no toxicological significance. 

4. [bookmark: _Toc8918439]Quantitative Structure-Activity Relationship (QSAR) analysis
The structure of pyridalyl was analyzed with Derek Nexus (program version. Derek Nexus: 6.0.1, Nexus: 2.2.1), which in an expert knowledge-based SAR program containing expert rules (derived from public and proprietary data) in toxicology and applies these rules to make predictions about the toxicity of chemicals. The results (Pellizzarro & Warren, 2019) showed that, based on the structure of pyridalyl, no developmental toxicity endpoints were firing alerts at the selected reasoning level. Among those endpoints, the following toxicities are included:
5-alpha-Reducase inhibition, Androgen receptor modulation, Developmental toxicity, Oestrogen receptor modulation, Oestrogenicity, Teratogenicity, Testicular toxicity, Thyroid toxicity.


5. [bookmark: _Toc8918440]Comparison with CLP criteria
Section 3.7.2.3 (“Evaluation of hazard information”) of the Guidance on the Application of the CLP Criteria (July 2017) states that “Appropriate classification will always depend on an integrated assessment of all available data and their interrelationship using a weight of evidence approach”.  Using a weight of evidence approach, delayed VO in the multigeneration study with pyridalyl was minor, occurred in the absence of any other developmental effect, with no detectable MoA using well-designed studies, appears fully reversible and without long term consequence.  An appearance of delayed VO is feasibly attributable to unusually early VO that was observed in the control group. These data do not meet criteria for classification.

[bookmark: _Toc8918441]Conclusion
· The differences in age at vaginal opening at 200 and 1000 ppm compared to concurrent controls were marginal and there were no oestradiol-related changes, such as mating indices, fertility indices, gestation indices, implantation sites, oestrus cycle, ano-genital distance, and uterine weight.
· The observed difference is feasibly attributable to atypically low values in controls.
· QSAR analysis suggested that there was no concern that pyridalyl may possess a developmental toxicity potential.

In conclusion, classification for developmental toxicity (Reproductive toxicant 2, H361d) is not warranted for pyridalyl.
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