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B.6. TOXICOLOGY AND METABOLISM DATA 
 

Bixlozone (2-(2,4-dichlorobenzyl)-4,4-dimethyl-1,2-oxazolidin-3-one, also known as F9600, CAS 81777-95-9) 

is a new herbicidal active substance, developed by FMC Corporation (as FMC Chemical sprl).  It is intended for 

pre- and early-post emergence application to a number of crops, including cereals, oilseed rape and maize, for 

control of a range of broadleaf and grass weeds. 

 

The structure of bixlozone is presented below: 

 
 

Bixlozone belongs to the isoxazolidinone chemical family and is a broadcast soil applied residual herbicide.  Its 

mode of action is to inhibit the biosynthesis of carotenoids.  After being absorbed by the roots and shoots, it is 

translocated upwards in water through the xylem tissue and then diffuses within the plant.  Deprived of 

protective carotenoids, chlorophyll as well as other components of the photosynthetic apparatus becomes 

susceptible to photo-oxidation.  Once in contact with light, these components are photodegraded and the 

emerging seedlings of express bleaching symptoms and die. 

 

The representative product for bixlozone is F9600-4 SC which contains 410 g a.s./l of the active substance 

bixlozone.  It acts as a carotenoid biosynthesis inhibitor causing bleaching of weeds.  It is intended to be used as 

a selective herbicide for the control of annual monocotyledonous and dicotyledonous weed species in 

agricultural crops.  The product will be applied after sowing but pre-emergence to winter wheat, winter barley, 

winter oilseed rape and maize or early post-emergence to winter wheat.  Bixlozone does not appear to 

demonstrate downward systemic action or upward translocation from leaf to leaf.  This may account for the 

inability to control larger weeds post-emergence, as well as explaining the appearance of chlorotic symptoms on 

contacted foliage with minimal or no effect on subsequent new growth. 

 

This document uses the term ‘bixlozone’ when referring to the active substance.  However, the development 

code F9600 has been used by the applicant within the individual study reports.  The batches of bixlozone used in 

the toxicology studies are considered representative of the technical specification (see Vol 4 for more details).  

The majority of the methods of analysis for the active substance in different matrices (diet, air, gavage solutions) 

used in the in vivo toxicological studies are either validated or fit for regulatory purposes (see document CA B5 

and the individual studies within this B6 document for further details).  

 

The classification of bixlozone for Human Health effects has been addressed in an aligned MCL (Mandatory 

Classification and Labelling) dossier produced by HSE. 

 

The data requirements of Regulation (EC) 1107/2009 and Regulation (EU) 283/2013 have been met (with the 

exception of genotoxicity data on a groundwater metabolite) and HSE concludes that there are no data gaps. 
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Table B 6.1.2.2) 

The radioactive peak distribution and their equivalent in percentage of AD were calculated from the pooled bile 

and urine samples; this was not conducted in faeces samples since only ≤ 1% of the AD was recovered in faeces 

collected for 5 days.  In order to release the conjugate forms of metabolites and optimise the detection of 

conjugated metabolites of similar polarity eluting together, the bile and urine samples were also subjected to 

enzyme hydrolysis.   

The metabolic profiles of the pooled bile samples at 0-8 and 8-24 hours showed that 5-OH-bixlozone -

glucuronide as the predominant metabolite, representing > 75 % of the radioactivity in bile and accounted for 

about 42 % of the AD; this metabolite was also found in urine in this study and in the excretion and metabolism 

study conducted with [14C-Phenyl]-bixlozone (Section B.6.1.1.5).  The metabolites di-OH- isobutyramide-

bixlozone glucuronide, and bixlozone -ring-open oxidative product (Mw259, B9) were detected in lesser 

amounts, each representing < 10 % of bile radioactivity and accounting for  < 5 % of the AD.  Bixlozone-

dimethyl malonamide and 4-OH-Me-bixlozone were also found at < 5 % of the AD after enzyme hydrolysis.  

The unchanged parent compound bixlozone was only detected at low levels (< 1 % of the AD).   

In urine, the metabolite 5-OH- bixlozone-glucuronide was also found at levels ≥  10 % of the AD, whilst 5-keto-

hydrate-bixlozone accounted for 8 % of the AD.  The metabolites 2,4-dichlorohippuric acid, di-OH-

isobutyramide- bixlozone-glucuronide, di-OH-isobutyramide-bixlozone, bixlozone-dimethyl malonamide, 4-

OH-Me-bixlozone, and 5-OH-bixlozone were detected in relatively lesser amounts, each representing < 5 % the 

AD.  As in bile, the unchanged parent compound was detected at low level in urine (< 1 % of the AD).  No 

unique metabolite was identified in this IV study when compared to the oral metabolism study. 

Overall 5-OH bixlozone (found predominantly as a conjugated glucuronide) was the most prominent metabolite 

found in bile and urine.  
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reference standards.  To confirm the identification of glucuronide conjugates of primary metabolites detected in 

hepatocyte samples, 5 OH-bixlozone and 4-OH-Me-bixlozone standards were incubated separately with male rat 

liver microsomes in the presence of cofactor Uridine diphosphoglucuronic acid (UDPGA) at 37 ºC for 1 hour.  

Control incubations without (UDPGA) were also conducted at the same time. 

The HPLC recovery of radioactivity was determined for one sample per species by counting the total amount of 

radioactivity in the eluent collected during a HPLC run (with column) compared to the total radioactivity in the 

eluent collected (without column) by Liquid scintillation counter (LSC). 

Representative radio chromatograms of [14C-Phenyl]-bixlozone and [14C-Carbonyl]-bixlozone incubated in 

hepatocyte incubation medium without hepatocytes at 37 °C for 4 hours were prepared to show the stability of 

the test compounds.  The hepatocytes’ metabolic activity was confirmed by incubating them with 100 µM 

testosterone for approximately 4 hours under similar incubation conditions used for [14C]-bixlozone.  At the end 

of the incubation period the samples were processed using the same method described above.   

Results (from Table B 6.1.3.1 to Table B 6.1.3.8) 

[14C-Phenyl]-bixlozone and [14C-Carbonyl]-bixlozone were shown to be stable after 4 hours incubation in 

hepatocyte incubation medium without hepatocytes at 37°C.  All batches of hepatocytes used in this study 

metabolised the positive control testosterone and thus were adequate for conducting the in vitro metabolism 

study.   

The recovery of radioactivity from each incubation ranged between 87 % and 119 % of the applied radioactivity 

(AR), with a mean value (n = 16) of about 104 %.  Greater than 90 % of the radioactivity injected onto HPLC 

was identified by LC/MS and/or by comparison with synthetic standards. 

In general, bixlozone was extensively metabolised in hepatocytes; in rat and dog hepatocytes, both [14C-

Phenyl]-bixlozone and [14C-Carbonyl]-bixlozone were virtually completely metabolised after 4 hour incubation, 

whilst the extent of metabolism of bixlozone in the mouse and human hepatocytes was about 56-69 % and 62-86 

% of the AR, respectively.   

A total of 13 metabolite peaks (excluding bixlozone) were found in the different hepatocyte incubations.  The 

major metabolites identified for all species were 5-OH-bixlozone (unconjugated and / or as glucuronide 

conjugates) and 5-keto-hydrate- bixlozone (Table B 6.1.3.9).   

In human hepatocytes, 4-OH-Me-bixlozone (unconjugated and / or as glucuronide conjugate) was another major 

metabolite identified, whilst 4-COOH-Me-bixlozone, the oxidative metabolite of 4-OH-Me-bixlozone, was a 

minor metabolite. The two metabolites were present in dog hepatocytes at levels < 10% of the AR but were not 

found in the rat; 4-OH-Me-bixlozone could be found in mouse samples at levels < 10 % of the AR.  In rat 

hepatocytes, additional major metabolites were identified as carbamic acid and di-OH-isobutyramide bixlozone, 

which were detected as minor metabolites in mouse hepatocytes but not in dog or human samples. 

The metabolite profiles retrieved from male hepatocytes were qualitatively similar to those retrieved from 

female hepatocytes in all species although the extent of metabolism seemed higher in the female samples 

compared to the male samples.  Overall, there was no significant sex differences noted.  Moreover, no label 

specific metabolites were observed in human hepatocytes. 
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species, with no detection in rats and dogs and levels 5-8-times lower in mice. In addition, the glucuronide 

conjugate of 4-OH-Me-bixlozone was noted in the dog and human only, with a % of total radioactivity 4 to 8 

times lower in the dog than in human hepatocytes. 

A summary table presenting the percent distribution of bixlozone and its metabolites in hepatocytes from male 

and female mice, rats, dogs, and humans after a 4 hours incubation with [14C-Phenyl]-bixlozone or [14C-

Carbonyl]-bixlozone is shown below: 

 

Table B 6.1.3.9: Percent distribution of bixlozone and its metabolites in HPLC chromatograms of 

hepatocytes from male and female mice, rats, dogs, and humans after a 4 hours incubation with [14C-

Phenyl]-bixlozone or [14C-Carbonyl]-bixlozone 

Metabolite 

Names  

% of the AR 

Mouse Rat Dog Human 

Phenyl  Carbonyl Phenyl  Carbonyl Phenyl  Carbonyl Phenyl  Carbonyl 

M  F  M  F  M  F  M  F  F  M  F  M  M  F  M  F  

Carbamic 

acid  

-  -  2.1  2.5  -  -  14.

9  

9.0  -  -  -  -  -  -  -  -  

Unknown-2  -  -  2.5  2.4  4.8  4.3  3.6  4.4  -  -  -  -  -  -  -  -  

Glucuronide 

1 of 5-OH-

F9600  

2.8  4.0  5.7  4.0  6.3  10.

0  

-  1.4  64.

6  

64.

8  

61.

7  

63.

0  

8.5  9.4  9.9  9.8  

Glucuronide 

2 of 5-OH-

F9600  

17.

5  

14.

9  

24.

3  

17.

3  

45.

7  

56.

7  

47.

3  

64.

4  

-  -  -  -  -  -  -  -  

Glucuronide 

1 of 4-OH-

Me-F9600  

-  -  -  -  -  -  -  -  

3.5  2.8  4.4  4.8  
14.

4  

23.

3  

16.

4  

27.

5  Glucuronide 

2 of 4-OH-

Me-F9600  

-  -  -  -  -  -  -  -  

5-Keto 

hydrate 

F9600  

17.

8  

19.

1  

15.

1  

20.

0  

28.

6  

18.

5  

22.

1  

13.

5  

26.

2  

25.

7  

26.

1  

24.

5  

16.

0  

26.

0  

17.

2  

25.

3  

Di-OH- 

Isobutyrami

de F9600  

4.4  4.3  1.9  -  8.3  3.2  -  -  -  -  -  -  -  -  -  -  

4-OH-Me-

F9600  

3.4  4.0  2.5  3.5  -  -  -  -  -  -  -  -  20.

5  

20.

9  

20.

3  

20.

5  

5-OH-F9600  10.

5  

16.

1  

12.

0  

20.

0  

6.4  7.3  12.

1  

7.3  -  -  -  -  -  -  -  -  

4-COOH-

F9600  

-  -  -  -  -  -  -  -  5.7  6.7  7.8  7.8  2.3  3.3  1.5  3.1  

F9600  43.

6  

37.

7  

33.

9  

30.

3  

-  -  -  -  -  -  -  -  38.

3  

17.

0  

34.

7  

13.

9  
AR: Applied Radioactivity 

 

Conclusion 

In conclusion, the in vitro metabolic profiles of bixlozone were explored in rat, mouse, dog and human 

hepatocytes in this non-GLP study which is considered acceptable for regulatory purposes.  Bixlozone was 

extensively metabolised in hepatocytes.  [14C]-bixlozone (20 µM) was virtually completely metabolised after 

incubation for 4 hours in rat and dog hepatocytes, and the extent of [14C]-bixlozone conversion to metabolites 

was about 56-69 % of the AR in mouse hepatocytes and 62-86 % of the AR in human hepatocytes.  The 

common metabolic reactions in all species tested included oxidation (hydroxylation) and conjugation 

(glucuronidation); the metabolic pathways drawn from the metabolism of bixlozone in hepatocytes are similar 

(but somewhat simplified) to those identified in rats after oral administration of [14C-Phenyl]-bixlozone and 

[14C-Carbonyl]-bixlozone (See Figure B 6.1.1.1 & Figure B 6.1.1.2).  No unique metabolite was identified in 

human hepatocytes; however a disproportionate production of 4-OH-Me-bixlozone was observed in human 

hepatocytes compared to the other species, especially the rat and dog where it was not detected.  In the mouse, 

levels 5-8-times lower were measured. In addition, the glucuronide form of the metabolite was found at higher 

levels in humans compared to dogs.  The applicant has been asked to address the reliability and significance of 

this finding.  No significant sex differences or label specific metabolites were observed in human samples.   
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with biological nucleophiles under physiological conditions without the need for enzymatic catalysis), a key 

molecular initiating event in the adverse outcome pathway for mutagenicity and clastogenicity (reviewed in 1,2) 

Description of the (Q)SAR strategy 

To predict the genotoxic potential (gene mutation and chromosomal aberrations) of 4-OH-Me-bixlozone, several 

models were used: ToxTree and Derek Nexus (Lhasa Ltd.) version 6.0.1 (Nexus: 2.2.2), which represent 

knowledge-based systems; and Sarah Nexus (Lhasa Ltd.) Model 2.0, a statistical tool.  Further details on the 

model used can be found in Section Error! Reference source not found..  

(Q)SAR predictions results 

The output from the above tools is summarised in the table below:   

 

Table B 6.1.3.12: Summary of (Q)SAR predictions for bixlozone and 4-OH-Me-bixlozone 

Chemical name  

ToxTree Derek Nexus Sarah Nexus 

In vitro 

mutagenicity 

Mutagenicity in 

vitro  

Chromosomal 

damage in vitro  

Chromosomal 

damage in vivo  

Mutagenicity  

Bixlozone 

(F9600; Parent)  

No alerts  Inactive  No alert  No alert  Negative  

4-OH-Me-

bixlozone  

No alerts  Inactive  No alert  No alert  Negative  

 

There were no alerts for genotoxicity (mutagenicity or chromosomal damage) triggered by either the parent 

molecule (bixlozone) or 4-OH-Me-bixlozone.  No unrecognised/uncharacterised structural features were 

identified by Derek Nexus for either bixlozone or 4-OH-Me-bixlozone.   

Overall the predicted genotoxicity profile of 4-OH-Me-bixlozone is comparable to that of the parent compound 

bixlozone.  In addition, since regulatory studies are available for bixlozone and showed this compound is not 

genotoxic, 4-OH-Me-bixlozone is also likely to be non-genotoxic. 

Genotoxicity profiling using the OECD Toolbox version 4.3.1 

Complementary (Q)SAR analysis was performed using the OECD Toolbox version 4.3.1.  The molecular 

initiating events of relevance for this assessment involve interaction with DNA and/or proteins.  The general 

mechanistic profilers included in the OECD Toolbox codifying the structural alerts of interest for assessment of 

these interactions are presented below and have been used for the assessment:  

1. DNA binding by OASIS  

2. DNA binding by OECD  

3. Protein binding by OASIS  

4. Protein binding by OECD  

Additionally, the following endpoint specific profilers were run  

1. DNA alerts for AMES by OASIS  

2. DNA alerts for CA and MNT by OASIS  

3. Protein binding alerts for chromosomal aberration by OASIS  

4. In vitro mutagenicity (Ames test) alerts by ISS 

5. In vivo mutagenicity (Micronucleus) alerts by ISS  

No structural alerts were identified for the parent compound or 4-OH-Me-bixlozone using the following 

profilers: DNA binding by OASIS, DNA binding by OECD, Protein binding by OASIS, Protein binding by 

OECD, DNA alerts for AMES by OASIS, DNA alerts for CA and MNT by OASIS, Protein binding alerts for 

chromosomal aberration by OASIS and In vitro mutagenicity (Ames test) alerts by ISS.  

 
1 Benigni, R., and Bossa, C. (2011). Mechanisms of chemical carcinogenicity and mutagenicity: a review with implications 

for predictive toxicology. Chem Rev. 111(4):2507-2536. doi: 10.1021/cr100222q. 
2 Enoch, S.J., and Cronin, M,T. (2010). A review of the electrophilic reaction chemistry involved in covalent DNA binding. 

Crit Rev Toxicol. 40(8):728-748. doi:10.3109/10408444.2010.494175 
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There were alerts triggered for bixlozone and 4-OH-Me-bixlozone using the “In vivo mutagenicity 

(Micronucleus) alerts by ISS” profiler and they are presented in the table below:  

 

Table B 6.1.3.13: Genotoxicity profiling of bixlozone and 4-OH-Me-bixlozone via the freely available 

OECD QSAR Toolbox. 

Chemical 

name 

Profiling in OECD 

Toolbox (v. 4.3.1) 5 

Assessment of organic functional groups 

 in vivo 

mutagenicity 

(Micronucleus) 

alerts by ISS 

 

Aryl  Aryl 

Halide  

Benzyl  Oxazolidine 

derivatives  

Saturated 

heterocyclic 

fragment  

Alcohol  

Bixlozone 

(F9600; 

parent)  

H-acceptor-path3-

H-acceptor X X X X X  

4-OH-Me-

bixlozone  

H-acceptor-path3-

H-acceptor 
X X X X X X 

 

The presence of a putative intercalator or grove-binding moiety (H-acceptor-path3-H-acceptor) was identified 

by the ISS in vivo mutagenicity alerts profiler as an alert for in vivo mutagenicity (micronucleus formation) for 

both bixlozone and 4-OH-Me-bixlozone.  This alert is unlikely to be biologically relevant since the predictive 

power of this alert has been suggested to be low by Benigni et al3. Moreover, an in vivo micronucleus assay is 

available for bixlozone and was clearly negative. 

Overall, a single alert was triggered using the profilers in the OECD Toolbox which is unlikely to be 

biologically relevant. 

Conclusion of the in silico genotoxicity assessment 

Taking into consideration all the findings from the (Q)SAR tools, the results showed that 4-OH-Me-bixlozone 

did not trigger any additional alert for genotoxicity compared to the parent compound bixlozone.  Since 

bixlozone is shown not to be genotoxic (Please refer to the summary on genotoxicity in Section B.6.4.4), 4-OH-

Me-bixlozone is also unlikely to be genotoxic. 

Read-across from Bixlozone (Table B 6.1.3.14) 

The metabolite of interest 4-OH-Me-bixlozone and bixlozone differ only by the presence of an additional single 

hydroxy group on a methyl group.  All of the organic functional groups present in bixlozone are conserved in 

metabolite 4-OH-Me-bixlozone, which contains an extra alcohol function group absent in bixlozone (shown in 

table B.6.1.3.3.3).     

4-OH-Me-bixlozone is structurally similar to the parent molecule bixlozone, with a dice similarity equal to 86 % 

calculated using the atom-centered hologram method within the OECD QSAR Toolbox.  Furthermore, the 2 

compounds share similar physical-chemical properties as shown in the table below.  4-OH-Me-bixlozine is more 

polar than the parent bixlozone.  It is rapidly eliminated through oxidation to 4-COOH-Me-bixlozone and 

glucuronidation as demonstrated by the available in vivo rat studies (Section B.6.1.1.5). 

Thus, it is reasonable to propose that the toxicity profile of 4-OH-Me-bixlozone comparable to that of the parent 

bixlozone. 

 

 
3 Benigni, R., Bossa, C., and Worth, A. (2012). Structural analysis and predictive value of the rodent in vivo 

micronucleus assay results. Mutagenesis. 25(4):335-341.   
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Table B 6.1.3.14: Structures and physical-chemical properties of 4-OH-Me-bixlozone and bixlozone 

(F9600) 

Chemical Name  4-hydroxymethyl F9600; 4-OH-Me-

bixlozone; FMC-510234  

Bixlozone (F9600)  

(CAS # 81777-95-9)  

Structure   

 
 

CC1(CO)CON(Cc2ccc(Cl)cc2Cl)C1=O  

 

 

 
 

 

CC1(C)CON(Cc2ccc(Cl)cc2Cl)C1=O  

Structural (Dice) similarity to 

Bixlozone a 

0.86 1.0 

Log Kow  2.04 3.51 

Acidic pKa b  10.5 10.7 

Molecular weight (Da)  290 274 
a Calculated via the atom-centered hologram method within the OECD QSAR Toolbox (version 4.3.1) 
b Calculated via the OASIS Electric method within the OECD QSAR Toolbox (version 4.3.1) 

 

Conclusion  

4-OH-Me-bixlozone is a hydroxy metabolite of bixlozone which was found at disproportionate levels in vitro in 

human hepatocytes compared to the other species considered (mouse, rat and dog) and especially compared to 

rat hepatocytes.  In silico genotoxicity comparative analysis, structural similarity analysis and a comparison of 

the physical-chemical properties of 4-OH-Me-bixlozone with those of the parent compound indicate the 

metabolite has a comparable toxicity profile to that of bixlozone.  In vivo rat studies also showed the metabolite 

is rapidly eliminated in urine through oxidation to 4-COOH-Me-bixlozone and glucuronidation, suggesting that 

the metabolite is most likely less toxic than the parent substance. Therefore, the disproportionate production of 

this metabolite in human hepatocytes compared to the rat, our primary test species, is unlikely to lead to 

additional toxic effects beyond those already identified in the tested species as its toxicity profile is comparable 

to (and possibly less toxic than) that of the parent substance which has been fully tested in our model 

experimental animals. 
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they did not actively seek M118/1 and M132/1.  When comparing the metabolic pathways identified in the rat 

(figure B 6.1.4.1) with those identified in the goat (figure 7-7 Section B.7.2.2) and hen (figure 7-8 Section 

B.7.2.3), it appears that the goat and hen metabolism profiles are subsets of what is occurring in the rat.  No 

unique metabolite paths have been identified in the goat or the hen compared to the rat.  Therefore the livestock 

(goat, poultry) and rat metabolism pathways are considered qualitatively similar.  Hence, it is possible that 

either residues M118/1 and M132/1 were present in the rat samples but were not identified, or that qualitative 

differences in metabolite profiles between the three species considered (goat, poultry, rat) are in play to explain 

the interspecies variation highlighted.  Thus, although they were not identified in the rat it is likely that both 

metabolites could be formed in the rat. 

Elimination  

Excretion after a low oral dose was rapid with 83-97 % of the administered dose (AD) being excreted within 48 

hours via the urine and faeces, with a higher elimination rate in females (study # 6 Section B.6.1.1.5).  Although 

the initial rate of excretion was slightly slower in rats that received the high oral dose (69-72 % AD within 48 

hours), the excretion pattern was similar between the low and high dose groups.  No significant label specific 

differences in excretion patterns were evident. In non-bile cannulated rats, urinary excretion was relatively high 

(64-88 % AD with the phenyl label and 62-76 % AD with the carbonyl label), with faecal elimination 

accounting for 11-27 % and 16-34 % of AD for the phenyl and carbonyl label respectively.  Elimination in 

expired air was very low with both labels.  Biliary excretion was determined in bile cannulated rats following IV 

administration; however, HSE is of the view that the calculated value cannot be directly extrapolated to the oral 

route. 

The proposed metabolic pathways of bixlozone in rats are presented in the figure below: 
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Figure B 6.1.4.1: Proposed metabolic pathways of bixlozone in the rat 

 
 

 

Proposed residue definition for monitoring purposes in body fluids and tissues 

The applicant proposed to include the metabolite 5-hydroxy-bixlozone as the only marker for monitoring 

purposes in body fluids and tissues on the basis that it is mostly detected as a conjugate (glucuronide) form in 

rats, although a portion of unconjugated metabolite may circulate as well.   

The proposal was considered further by HSE.  Regarding the detection of metabolite 5-hydroxy-bixlozone in 

rats administered bixlozone, the available ADME data showed that this metabolite was mainly found in faeces 

samples with very low levels in urine samples; therefore systemic exposure is unlikely to be significant.  This 

metabolite was also mainly present in urine in its conjugated form.  In addition, the in vitro comparative 

metabolism studies showed that 5-hydroxy-bixlozone (unconjugated form) is not detected in human hepatocytes 

(males & females) whilst levels above 10 % of the applied radioactivity were reported in rat hepatocytes in both 

sexes.  Thus, the available data suggest that in vivo human urine / blood samples may not contain 5-hydroxy-

bixlozone. 
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Therefore, HSE is of the opinion that 5-hydroxy-bixlozone is not a suitable marker for monitoring purposes 

according to the data requirements of Regulation (EU) 283/2013.  In addition, the inclusion of glucuronide and 

sulfate conjugates in the residue definition would hinder the monitoring process because of the need for methods 

requiring conjugate hydrolysis.  Furthermore, it is understood that an analytical method is only validated for this 

metabolite for animal tissues but not for body fluids; therefore the recommendations of SANCO/825/00 rev. 8.1 

(16/11/2010) are not fulfilled. 

HSE propose as an alternative, to include the metabolite 5-keto-hydrate-bixlozone in the residue definition, 

based on the fact that 5-keto-hydrate-bixlozone, a downstream metabolite of 5-hydroxy-bixlozone, is a major 

metabolite consistently found at high levels in its unconjugated form in rat urine samples in both sexes.  

Moreover, it is also consistently found in abundance in all male and female species in vitro including in human 

hepatocytes samples and is not observed in the in vivo and in vitro samples in its conjugated form.  The 

applicant agreed with the HSE proposal. 

Therefore, the metabolite 5-keto-hydrate-bixlozone is considered to be a relevant analyte identified in the 

toxicological database and is suitable as a typical marker to be included in the residue definition for the 

monitoring of body fluids and tissues.   

A validated analytical method for analysis of bixlozone (parent) and the marker metabolite 5-keto-hydrate-

bixlozone in body fluids (plasma and urine) and tissues (liver) is available.  Therefore, the data requirements of 

Regulation (EU) 283/2013 have been met. 
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Table B 6.3.2.12) 

Consistently with the findings in the rat and mouse, there were notable changes in the liver.  Mean relative liver 

weights (to body weights) were increased by > 15 % from 10000 ppm in both sexes; the changes are considered 

treatment-related and adverse.  

Kidney weights in the top-dose group were greater than in controls in females (+ 28 % absolute and + 4 % 

relative) and in males (+ 20 % absolute and + 41 % relative); absolute and relative kidney weights were also 

increased at 10000 ppm in males only (+ 22 % absolute and + 23 % relative).  Histopathological findings were 

observed at top-dose in both sexes. 

The relative weights of the adrenal glands were increased at 30000 pm (+ 31 % and + 23 % in males and 

females respectively) but a clear dose-response was not evident.  Lower mean thymus weights were also seen in 

males at this dose (-30 %).  Furthermore, lower prostate weights were observed from 3000 ppm; however 

according to the histopathological observations, the changes correlated with marked immature sexual 

development in one 10000 ppm and one 30000 ppm male (similar but less marked signs of immaturity were 

noted in all males at these doses). 

In females, variable ovary and uterus/cervix weights changes were observed; however, they did not show a clear 

dose-response and were unaccompanied by any histopathological correlates. These changes are thus not 

considered treatment-related. 

Overall treatment-related and adverse effects on the liver were observed in both sexes from 10000 ppm and on 

the kidney from 10000 ppm in males and at top-dose in females.  In addition, adrenal weights were increased at 

the top dose in both sexes, thymus weights were decreased in top dose males and prostate weights were 

decreased from 3000 ppm. 
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With regard to serum chemistry, a statistically higher mean serum glucose (+ 19 %) and a lower mean 

phosphorous (- 17 %) were observed in females at top-dose; HSE considers these to be spurious findings not 

related to treatment with bixlozone as they did not show a dose-response relationship.  All other changes in 

serum chemistry and haematology parameters were without statistical significance. Overall, there were no 

treatment-related and adverse changes in haematological, serum chemistry and urinalysis parameters. 

Organ weight changes (  
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Table B 6.3.3.9) 

The absolute and relative liver weights of mice in the treated groups were increased in comparison with those of 

the controls.  In males there was a clear dose-related increase in liver weight, although statistical significance 

and adversity (> 15 %) were reached at top-dose only (+ 23 % absolute and + 23 % relative).  A similar dose-

related increase in liver weights was observed across all female dose groups, reaching statistical significance 

and adversity at 2250 ppm (+ 13 % absolute, + 17.5 % relative) and at 5000 ppm (+ 20 % absolute, + 21 % 

relative).  HSE considered these increases to be treatment-related and adverse.  The severity of the liver weight 

changes appeared to have increased slightly with the time of treatment in males (from 28- to 90-days’ exposure), 

but they seemed in general similar for females.  

Statistically significant reductions in the absolute weight of the epididymes were observed at 1000 ppm (- 10 %) 

and 5000 ppm (- 10 %): however since there is no clear dose-response and considering their magnitude and lack 

of histopathology, they are regarded as non-adverse.   

There was a reduction in the absolute and relative weight of the adrenal gland in both sexes (to a lesser extent in 

males) at the top dose, which reached statistical significance in females only at 5000 ppm (+ 16 %).  

Toxicologically significant decreases (> 10%) in adrenal weight were also seen in mid-dose females.  These 

decreases in adrenal weights were well within the laboratory HCD provided.  Although these HCD (2009-2016) 

are not fully compliant with the data requirements laid out in Reg 283/2013 (section 5, point 3) because they 

cover 8 years, they are from the same laboratory and strain of mouse and from a reasonable number of studies 

performed around the date (2014) of the current study; thus, they are considered acceptable by HSE in a WoE 

approach.  In addition, no associated histopathology was observed.  Therefore, the adrenal weight changes are 

not considered treatment-related or adverse by HSE.   

Overall treatment-related and adverse increases in liver weight were observed in females from 2250 ppm and in 

males at top-dose (5000 ppm). 
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There was no test substance-related or biologically relevant effect on haematological parameters; however, 

some treatment-related (and statistically significant) alterations in serum chemistry were noted in females at the 

top-dose.  

As observed in the short-term repeated-dose toxicity studies in the rat (Section B.6.3), there were changes in 

metabolism parameters with an increase in serum cholesterol in top dose females at week 26 and 52 (+53 and 

+50.5 % compared to controls, respectively).  These changes are considered to be treatment-related and adverse 

since they were already observed in the 90-day study in the rat (Section Error! Reference source not found.).   

With regard to serum protein parameters, there was a statistically significant increase in total protein and 

albumin in females at the top-dose at week 52 (+8 and +7 % respectively).  The increase in albumin, the main 

major serum binding protein for calcium, was associated with an increase in calcium.  These findings were also 

observed in repeated-dose toxicity studies and are considered treatment-related and adverse. 

Higher mean gamma glutamyl transferase (GGT) values were noted in the 5000 ppm males (+500 %) at study 

week 26, and in the 1000 and 5000 ppm males at study week 52 (+1200 and +700 %, respectively); a change in 

this parameter may be indicative of liver toxicity.  However, HSE notes that individual values within each group 

were highly variable, and since these changes were not accompanied with increased serum bilirubin and were 

not observed in females, their validity and biological relevance are considered questionable. 

Urinalysis revealed no unusual findings. 

Overall treatment-related increases in serum chemistry parameters indicative of adverse effects in the liver 

(serum cholesterol, albumin, calcium, total protein), were observed in the top-dose females but not in males 

during the chronic toxicity phase; these effects correlated with the other effects seen on the liver in these 

animals (organ weight changes and histopathology described further below).  The findings are also consistent 

with the toxicokinetics data indicating that females are more systemically exposed to bixlozone than the males. 
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control animal in every study found with such tumours) it suggests that the incidence in the concurrent control 

male group in this study (0/60) was unusually low. 

Considering the biological plausibility of the finding, it is noted that the skin has not been identified as a target 

organ of toxicity of bixlozone in any other repeated-dose toxicity studies (Section B.6.3) and bixlozone was 

found not to be acutely toxic via the dermal route or a skin irritant (Section B.6.2).  Moreover, a tissue 

distribution study showed that bixlozone and/or its metabolites were only found at low levels in the skin after 

administration of an oral dose of 500 mg/kg bw (Section B.6.1.1.4) which is much higher than the highest dose 

tested in males in this study (217 mg/kg bw/day).   

Moreover, the finding was sex specific, with an increased incidence observed in males only.  However, the 

available kinetics data contrast with this sex specificity in response since in rats the females show a higher 

systemic exposure than males (Table B 6.1.1.6) and yet females do not present any tumours up to the top dose 

(4000 / 3000 ppm).  Lastly, since no skin tumours were observed in the mouse (Section B.6.5.2), the skin 

tumours seen in this study are also species specific. 

The applicant submitted a review of the incidence of these skin tumours by a PWG panel. The PWG confirmed 

the incidences determined by the study pathologist.  Therefore, these data have not been considered further by 

HSE and they have not been presented here. 

Overall, considering the sex and species specificity of the response, the low biological plausibility of the 

finding, the inconsistency between the sex-specificity of the response and the higher systemic exposure in 

females, and the fact that the incidence was clearly within the range of the extended (2001-2013) HCD supplied, 

HSE concludes that these skin tumours in male rats at the top dose are chance findings unrelated to treatment.   

Thyroid tumours in females 

Regarding females, there was a non-statistically significant but dose-related increase in the incidence of 

follicular cell adenomas (benign tumours; 2/60 (3.3 % incidence) vs 0/60 in controls) and of the follicular cell 

carcinoma (1/60 (1.7 % incidence) vs 0/60 in controls) in the thyroid gland at the top-dose of 3000 ppm in 

comparison to controls.   

The HCD provided for these tumour findings are not fully compliant with the data requirements laid out in Reg 

283/2013 (section 5, point 3) because they cover more than 5 years, however they are from the same laboratory 

and strain of rat and derived from a reasonable number of studies; thus, they can be considered by HSE in a 

WoE approach.  These significantly extended HCD (date range 1999 – 2017) show that at the top dose both 

tumour incidences are slightly higher than the mean % incidence but well within the HCD range (Table B 

6.4.1.3.10).  The applicant also provided the maximum control numerical and % incidence values derived from 

studies conducted between 2009 and 2017 i.e. performed around the date (2014) of the current study: the 

maximum numerical incidence was 3 (4.7 % incidence) for follicular cell adenoma and 1 (1.7 %) for follicular 

cell carcinoma.  Thus the thyroid tumour incidences seen in the study in females at the top dose are consistent 

with the top of the range of the control groups monitored around the time of the study. 

The finding is sex specific since no relevant or dose-related increase in incidence was observed in males.  

Moreover, it is noted that the incidence of follicular cell adenoma (benign) in the control male group is similar 

(3.4 %) to the incidence seen in the top dose female group (3.3 %) and that the incidence of follicular cell 

carcinoma was for both sexes very low (maximum of 1 case per 50 / 60 rats per group) and clearly not dose-

related.   

The available kinetics data appear to support the sex specificity of the response since in rats the females show a 

higher systemic exposure than males (Table B 6.1.1.6).  However, a tissue distribution study showed that less 

than 0.1 % of the AD was found in the thyroid in both sexes following oral administration of bixlozone (Table B 

6.1.1.12) with the thyroid of males being more exposed than females’ following a single high oral dose (500 

mg/kg bw) or a repeated low oral dose (5 mg/kg bw/day, 14 days). 

Considering the biological plausibility of the finding, it is noted that there were no other associated findings 

noted in the thyroid (e.g. hyperplasia, hypertrophy) in the study to support the tumorigenic response, even 

though the thyroid was identified as a target organ of toxicity in the 90-day rat study (Section Error! Reference 

source not found.).  Yet, the histopathology changes in the 90-day study were seen at doses higher than the top 

dose tested in this carcinogenicity study, with mild follicular cell hypertrophy observed in both sexes at the top 

dose of 505 / 351 mg/kg bw/day only and without associated changes in the thyroid weights (Section Error! 

Reference source not found.).  There were no histopathology findings seen at the lower doses of 121 / 150 

mg/kg bw/day.  Therefore, the biological plausibility of these thyroid tumour findings appears to be low. 
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The applicant submitted a review of the incidence of these thyroid tumours by a PWG panel. The PWG 

confirmed the incidences determined by the study pathologist. Therefore, these data have not been considered 

further by HSE and they have not been presented here. 

Overall, considering the sex specificity of the response, the low incidence of the tumours and the low biological 

plausibility of the finding, HSE conclude that the thyroid tumours observed in female rats at the top dose are 

chance findings unrelated to treatment.   

Overall, there were no treatment-related neoplastic findings identified in this study in the rat. 
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The (‘non-neoplastic’) liver weight changes observed in the top dose males were > 15 % compared to controls 

and were often accompanied with histopathology findings but not in females.  Nevertheless, the extent of the 

liver changes is considered treatment-related and adverse at top-dose for both sexes.  The findings are consistent 

with the parallel plasma kinetics results showing that males are more highly exposed to bixlozone compared to 

females.  No adverse liver effects were seen at the lower dose in males and females (up to 1000 ppm, equivalent 

to 126/164 mg/kg bw/day in males and females respectively). 

Additionally, a dose-related reduction in absolute and relative uterus weights was observed in all treated groups, 

reaching statistical significance at the top dose.  Since organ weights are not normally part of a carcinogenicity 

study, a historical control database for comparison purposes was not available for this study.  Nevertheless, it 

was reported that the mean uterine weight seen in the control group was considered atypically high owing to 

highly variable individual data (the standard deviation is higher than the mean value) and a higher incidence in 

primary uterine tumours and mild to moderate cystic glandular hyperplasia compared to the treated groups 

(please refer to Tables B.6.5.2.4 and B.6.5.2.5 for corresponding data).  Overall, the lower uterine weights seen 

across all treated groups compared to the control group can be considered incidental and unrelated to test 

substance exposure.  HSE also notes the absence of any uterine tissue-specific histopathology in the treated 

animals, with findings much more extensive in the controls. 

Regarding the thyroid, a dose-related but not statistically significant decrease in absolute weight was observed 

in males only, reaching – 12 % at 5000 ppm compared to the control group.  However, the slight (-9%) relative 

thyroid weight change in all treated males did not show any dose-related relationship and the opposite effect was 

seen in females at all doses. Overall the changes seen in the absolute thyroid weight in males are not considered 

treatment-related or adverse.  In addition, no associated histopathology was observed. 

There were no other biologically relevant or statistically significant effects on the weights of any other organ. 

Overall treatment-related and adverse changes in liver weight were observed in males and females at the top 

dose of 5000 ppm (647 and 834 mg/kg bw/day in males and females respectively). 
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period, centred as closely as possible on the date of the index study”.  Nevertheless, these significantly extended 

HCD can be used in a WoE approach and suggest that the incidence of histiocytic sarcoma in CD-1 female mice 

is highly variable in controls, with a maximum level of 18.3 %.  This data range is also similar to the one 

reported in Greaves P (20125; 0 - 15 % for CD-1 mice). 

According to this review publication, histiocytic sarcoma tumours are uncommon until the age of 12 months, 

but they increase steeply after 18 months when they are generally more common in females than in males, 

which is the case in this study.  Moreover, the tumour cells are metastatic, and deposits can be found in 

particular in the lungs and liver. This was also the case in this study, with 3 of the 6 sarcomas being found in the 

cervix, with metastasis/deposits localised in the lungs and liver. 

It is also noted that the biological plausibility of this tumourigenic response is very low as the blood is not a 

target tissue of toxicity in mice.  Moreover, the finding was sex specific, with an increased incidence observed 

in females only, whilst in males a single incidence was noted at 250 ppm.  This sex-specific response is in 

contrast to the higher systemic exposure to the test substance seen in males compared to females (Table B 

6.5.2.4), further reducing the biological plausibility and possible relation to treatment of the finding.  Lastly, no 

similar findings were seen in the combined chronic / carcinogenicity study in rats (Section B.6.5.1) even though 

these tumours can be relatively common in both species.  Finally, it is widely believed that this particular 

neoplasm lacks relevance in the identification of a human carcinogenic hazard.  This neoplasm is very rare in 

humans and no chemical has been shown to increase the incidence of histiocytic sarcoma in the rat and only 

rarely in the mouse (Greaves P., 2012). 

The PWG panel did not provide a review of these tumour findings. 

Overall, considering the sex and species specificity of the response, the low biological plausibility of the finding 

and the relatively high incidence of this tumour observed in control CD-1 mice in accordance with the 

laboratory extended HCD supplied and the HCD reported in the available literature, HSE concludes that the 

incidence in histiocytic sarcomas observed in female mice at the top dose is overall unrelated to treatment with 

bixlozone.   

Cervical tumours in females 

Increased incidences of cervical tumours were seen in top dose females.  

Two females (4%) of the top dose group showed cervical leiomyosarcoma (malignant tumours) vs none in 

controls.  Significantly extended HCD (1999 – 2017) have been provided by the applicant to help interpret the 

significance of this response, however these are not compliant with the data requirements laid out for pesticide 

actives (Reg 283/2013, section 5, point 3) since they do not “cover a five-year period, centred as closely as 

possible on the date of the index study”.  These significantly extended HCD (range: 0.0 – 5.8 %) show that the 

incidence observed in the study is within the incidence range, but significantly higher than the mean incidence 

value of 0.7 %.  The applicant also provided the HCD incidence range of 1.54 - 2.04 % for cervical 

leiomyosarcoma derived from studies conducted between 2009 and 2017 (i.e performed ± 5 years around the 

date (2014) of the current study) which confirms that the incidence seen at the top dose in this study is higher 

than the incidence range. Overall, both sets of HCD show that this tumour type is relatively rare in the mouse 

and confirm that the observed incidence of 4 % in this study is generally higher than the historical control 

incidences.   

The applicant submitted a review of the incidence of these cervical neoplastic findings by a PWG panel.  The 

panel confirmed the incidences reported in the study report.  The panel proposed to combine the incidences of 

leiomyomas and leiomyosarcomas from the cervix (since the two neoplasms represent a continuum of neoplastic 

transformation of the smooth muscle cells of the cervix) with those from the uterus because the uterus body 

adjacent to the cervix can frequently be sampled at necropsy instead of the cervix.  This confirmed the increase 

of cervix/uterus tumours at the top dose compared to controls, but a dose-response was no longer apparent as 

uterus leiomyomas and leiomyosarcomas were reported also at the low and mid dose.  HSE did not find the 

combination approach acceptable for such a modern study as, microscopically, the pathologist should have been 

able to distinguish between the uterus and cervix tissues. Therefore, the cervical tumour findings at the top dose 

reported by the study pathologist and confirmed by the PWG panel remain a concern for HSE. 

The concern was forwarded to the applicant and the PWG provided HSE with further clarifications. 

The PWG clarified that there are no definitive gross or macroscopic features that clearly demarcate the uterine 

body (also known as the corpus) from the uterine cervix, and often the uterine corpus and uterine cervix are 

 
5 Peter Greaves. Histopathology of Preclinical Toxicity Studies. Interpretation and Relevance in Drug Safety Studies. Book • 4th Edition • 

2012 
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Table B 6.5.3.1 below. 
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Mating, fertility and conception indices were calculated as follows: 

 

Male (Female) Mating 

Index (%) 
= 

No. of males (females) with evidence of mating (or females confirmed pregnant) 
×100 

Total No. of Males (Females) Used for Mating 

 

Male Fertility Index (%) = 
No. of Males Siring a Litter 

×100 
Total No. of Males Used for Mating 

 

Male Copulation Index 

(%) 
= 

No. of Males Siring a Litter 
×100 

No. of males (females) with evidence of mating (or females confirmed pregnant) 

 

Female Fertility Index (%) = 
No. of Females with Confirmed Pregnancy 

×100 
Total No. of females used for mating 

 

Female Conception 

Index (%) 
= 

No. of Females with Confirmed Pregnancy 
×100 

No. of Females with Evidence of Mating (or Females Confirmed Pregnant) 

 

Litter parameters were calculated according to the following: 

 

Mean Live Litter Size = 
Total Viable Pups on PND 0 

No. Litters with Viable Pups on PND 0 

 

Postnatal Survival Between Birth and 

PND 0 or PND 4 (Pre-Selection) (% Per 

Litter) 

= 

Sum of (Viable Pups Per Litter on PND 0 or PND 4 [Pre-

Selection]/ (No. of Pups Born Per Litter)* ×100 

No. of Litters Per Group 

 

Postnatal Survival for All Other 

Intervals (% Per Litter) 
= 

Sum of (Viable Pups Per Litter at End of Interval N/Viable Pups Per Litter 

at Start of Interval N)* ×100 

No. of Litters Per Group 

 

Where N 

= 

PND 0-1, 1-4 (Pre-Selection), 4 (Post-Selection)-7, 7-14, 14-21, birth -PND 4 (Pre-Selection), or 4 

(Post-Selection)-21. 

* = Pups that were euthanized due to death of the dam were excluded from pup viability calculations. 

 

Results 

Parental toxicity 

Clinical observations and survival 

There were no treatment-related deaths found for the F0 generation; one F0 female was found dead and one was 

sacrificed during the study; the cause was unknown but as the deaths occurred in the control and low-dose 

groups only, they were not attributable to treatment with bixlozone. 

In the F1 generation, a female of the mid-dose group was also found dead, but this was attributed to a mechanical 

head injury.   

Observed clinical signs at F0 and F1 comprising hair loss on the forelimbs and facial area, decreased defecation 

and red material around the nose, occurred sporadically in all groups (including the control group) and hence 

were not considered treatment-related.  

Body weight and body weight gains (Table B 6.6.1.2 to Table B 6.6.1.5) 

For the females of the F0 generation, statistically significantly lower mean body weight gains (-15 %) at 3000 

ppm compared to controls during pre-mating (study days 0-70) correlated with overall mean body weights for 

this group that were -5 to -7 % lower than controls at various points throughout this period.  Consequently, the 

mean body weights for this group were -9 % lower than controls at day 0 of gestation and the % difference 

remained statistically significantly lower than controls until the end of gestation.  During lactation the mean 
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Lactation Days 1-21 

(% change from control) 

26 ± 18.6 16 ± 12.2* 

(-38.5) 

18 ± 15.8 

(-31) 

32 ± 12.9 

(+23) 

*   Statistically significant at 0.05 compared to the control group using Dunnett’s test. 

**   Statistically significant at 0.01 compared to the control group using Dunnett’s test. 

 

Overall a treatment-related and adverse decrease in body weight and body weight gain was observed for females 

at the top-dose of 3000 ppm in the F0 generation and in both sexes at the top-dose of 3000 ppm in the F1 

generation. 

Food consumption 

There were no consistent, statistically significant effects on food consumption in either sex of the F0 generation 

at any dose during pre-mating, mating, gestation or lactation.  Sporadic increases in food consumption of the F1 

generation during gestation and lactation were not dose-related or statistically significant and therefore were not 

attributed to treatment with bixlozone. 

Macroscopic examination and organ weights findings (Table B 6.6.1.6) 

There were no treatment-related macroscopic findings in either the F0 or the F1 generations. 

Consistent with the 28- and 90-day repeated-dose toxicity studies in rats statistically significant, treatment-

related higher liver weights were noted at 3000 ppm in males (+ 13 % absolute and +19 % relative) and in 

females (+12 % absolute and +18 % relative) of the F0 generation.  In the F1 generation, increased liver weights 

were also noted at 3000 ppm in females (+13 % absolute and +21 % relative) and in males (+14 % relative).  

Associated treatment-related minimal hepatocellular hypertrophy was observed in females of both the F0 and F1 

generations at top-dose (Table B 6.6.1.7).  

Statistically significant increase in relative kidney weights were noted at the top dose in the F0 generation (+13 

% for males and +10 % for females) and in the F1 generation (+13 % for males and +10 % for females); there 

were no changes to the absolute kidney weights at any dose tested.  Histopathological indications of chronic 

progressive nephropathy (CPN) were present at 3000 ppm in 11/25 F0 and 18/25 F1 males; no increased 

incidence was observed in females (Table B 6.6.1.7).   

A non-statistically significant but dose-dependent increase in the absolute and relative weights of the 

uterus/cervix/oviducts was also noted in females of the F0 generation from 750 ppm, reaching + 52 and 58 % for 

absolute and relative weights at the top-dose of 3000 ppm compared to controls.  However, the uterine weight 

changes seen in the top dose group appeared to be driven by two animals with very low uterus weights, 

considered to be outliers.  If these animals are excluded from the group, the mean uterine weight at the top dose 

is comparable to controls.  Moreover, there were no associated uterine histopathology findings observed in this 

generation (Table B 6.6.1.7).  In the F1 generation, the magnitude of the increase was much less, and no dose-

response was evident for the absolute weight.  A dose-dependent increase in the incidence of luminal dilation of 

the uterus was however observed in the F1 generation, reaching statistical significance at the top-dose group.  

Thus there is no clear correlation between the changes in uterus weight observed in the F0 generation and the 

occurrence of uterine luminal dilatation observed in the F1 generation (discussed further under the 

histopathology heading).  

Overall, given the inconsistencies seen between the 2 generations and the high inter-individual variability, HSE 

consider the uterine weight increases in the F0 generation at the top dose of 3000 ppm as incidental.  The result 

is consistent with the uterine findings at the top dose of 5000 ppm from the 90-day rat study (Table B 6.3.3.4) 

which were considered to be not related to treatment and showed high variability between animals. 

At the top-dose statistically significant increases in relative brain weights were also noted in males of the F0 

generation (+ 5.5 %) and in both sexes of the F1 generation (+ 9.5 and + 6 % in males and females respectively); 

however, the magnitude of changes is not considered adverse by HSE.  Lastly there were sporadic, inconsistent 

increases (or decreases) in the weight of the spleen seen at the top-dose; HSE does not consider them to be 

treatment-related effects. 

Overall there were adverse liver and kidney weight increases observed for both sexes at the top-dose of 3000 

ppm in both generations.  
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Histopathology findings (Table B 6.6.1.7) 

Treatment-related minimal hepatocellular hypertrophy was observed in females of both the F0 and F1 

generations at the top-dose, where statistically significant, treatment-related higher liver weights were noted at 

3000 ppm in males and females of both generations.  The finding is consistent with those of the 28- and 90-day 

repeated-dose toxicity studies conducted in the rat (Section Error! Reference source not found.). 

Histopathological indications of chronic progressive nephropathy (CPN) were present at 3000 ppm in 11/25 F0 

(vs 6/25 in controls) and 18/25 F1 males (vs 12/25 in controls); no increased incidence was observed in females.  

These incidences are well within the range of the laboratory HCD provided and although not fully compliant 

with the requirements of Reg 283/2013 (they cover 8 years), they are considered acceptable by HSE.   

No increased incidence of CPN was observed in the other studies conducted in this strain of rat, such as in the 

repeated-dose toxicity and carcinogenicity studies (Section Error! Reference source not found. & Error! 

Reference source not found.).  CPN is known to be a spontaneous renal disease commonly found in the 

laboratory rat.  It is most severe in Sprague Dawley rats, with a distinct male predisposition in respect of onset, 

incidence, severity and progression.  Particularly in males, the disease can progress to end-stage kidney, which 

is a prelude to death from chronic renal failure (Gray, 19776; Hard and Khan, 20047).  CPN can also be found in 

younger rats (Hard et al., 20138). Hard et al., 20099 provide a comparison between CPN in rats and 

nephropathies in humans; this publication concludes that CPN is a rat-specific disease with no counterpart in 

humans.  

Overall, there were no treatment-related or adverse histopathological findings in the male kidney. 

In the prostate, mononuclear cell infiltration (chronic inflammation) was evident at 3000 ppm in males of both 

generations, reaching statistical significance for the F1 males; the incidence of this finding in the F0 generation 

is within the range of the laboratory HCD provided, but it is above the range for the F1 generation.  In view of 

this and considering that the HCD are not fully compliant with the requirements of Reg 283/2013 (they cover 8 

years), HSE concludes that the prostate inflammation in top dose males is treatment-related and adverse.  

In females a statistically significant increase in the incidence of luminal dilation of the uterus was observed in 

the F1 generation only at the top-dose.  Although a dose-response may be apparent, HSE notes that when taking 

into account the small number of animals subjected to histopathology investigations at the low and mid doses, 

this cannot be confirmed.  The increase at the top dose is well within the laboratory HCD provided and although 

not fully compliant with the requirements of Reg 283/2013 (they cover 8 years), they are considered acceptable 

by HSE.  Overall, therefore, the finding of luminal dilatation of the uterus at the top dose in the F1 generation is 

considered unrelated to treatment.  

Other sporadic histopathological findings: testicular atrophy (two F0 750 ppm males who failed to sire a litter) 

and a high grade oligodendroglioma (one 750 ppm male) were isolated findings that were not dose-related; 

therefore, HSE considers these to be spurious findings, not related to treatment with bixlozone.  

Overall, treatment-related minimal hepatocellular hypertrophy was observed in females of both the F0 and F1 

generations at the top-dose.  In addition, there was prostate inflammation in males of both generations at the top 

dose.  

 

 
6 Gray J. E. (1977). Chronic progressive nephrosis in the albino rat. Crit. Rev. Toxicol. 5, 115–144 
7 Hard G. C., Khan K. N. (2004). A contemporary overview of chronic progressive nephropathy in the laboratory rat, and its significance for 

human risk assessment. Toxicol. Pathol. 32, 171–180 
8 Hard, Gordon C et al. “Consideration of rat chronic progressive nephropathy in regulatory evaluations for carcinogenicity.” Toxicological 

sciences : an official journal of the Society of Toxicology vol. 132,2 (2013): 268-75. 
9 Hard G. C., Johnson K. J., Cohen S. M. (2009). A comparison of rat chronic progressive nephropathy with human renal disease—

implications for human risk assessment. Crit. Rev. Toxicol. 39, 332–346 
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measurements prior to and subsequent to these were similar to controls, nevertheless when the entire gestation 

period was evaluated (GD7-29) body-weight gain was -27 % lower than controls (albeit without statistical 

significance).  Similarly, at 100 mg/kg bw/d body weight gain was only affected on gestation days 10-13 and 

13-20 (-49 % and -108 % respectively); body weight gain for the entire gestation period was -42 % lower than 

controls, but again without statistical significance.  Actual mean body weight for these dose groups was similar 

to controls for the duration of treatment.  Net body weight losses were observed at 100 and 350 mg/kg bw/day to 

an extent of -51.5 g and -28.4 g respectively, compared to a body weight gain of 58.1 g in the control group; net 

body weight and gravid uterine weights at 100 and 350 mg/kg bw/day were similar to those of the control group 

and any difference were slight, not statistically significant and did not show a clear dose response.   

Mean food consumption in the 1000 mg/kg/day group was lower than the controls from the first day of 

treatment through to early termination on GD 19 to an extent ranging from -60 % to -85 % on GD 11-19.  Food 

consumption for the 750 mg/kg bw/day was also affected by treatment with F9600 throughout gestation and 

until early sacrifice on GD 23; food consumption for this dose group was -60 to -86 % lower than controls on 

gestation days 12-23. The reductions in food consumption correlated with mean body-weight losses for these 

groups.    

Bixlozone also affected levels of food consumption at the lower doses of 350 and 100 mg/kg bw/day.  On GD 

13-20 food consumption was lower than controls by -40.5 % and -33 % in the 100 and 350 mg/kg bw/day 

groups respectively, corresponding to lower mean body weight gains.  In the preceding and succeeding gestation 

intervals food consumption was similar to controls; however, when the entire gestation period (GD 7-29) was 

evaluated, food consumption was found to be -19 % and -13 % lower than controls at 100 and 350 mg/kg 

bw/day respectively. 

Overall body weight, body weight gain and food consumption were affected at all doses; excessive toxicity, 

leading to the death of several animals before due necropsy and the early termination of all animals in these dose 

groups, was observed at 750 and 1000 mg/kg bw/day.  

Macroscopic examinations and organ weight findings  

Of the females that were found dead or sacrificed in extremis at 750 and 1000 mg kg/bw/day all had normally 

developing implantation and/or early resorptions in utero; the only gross necropsy findings were in one female 

and comprised dark red areas in the stomach, one early resorption in utero and one late resorption in the vagina.  

The female at 100 mg/kg bw/d that had aborted three dead and two live foetuses on GD 28 (a further five live 

foetuses remained in utero) was noted with white areas on the liver, thymus and lungs and a thickened thymus 

and pericardium.  No other internal findings were observed either in the animals that were sacrificed early or in 

those that survived to the scheduled necropsy; any differences were infrequent, similar to the controls and did 

not show a clear dose-response. 

Absolute liver weights were lower than controls in the 100 and 350 mg/kg bw/day groups by a magnitude of -11 

% and -7.5 % respectively, whilst in the same respective dose groups relative liver weights were lower than 

controls by -5 % and -4 %.  The evaluation of liver weights in the higher dose groups was not possible owing to 

the early sacrifice of all animals in these groups. 

GD 29 laparohysterectomy data 

Bixlozone had no effect on the intrauterine growth or survival of the 100 and 350 mg/kg bw/day dose groups 

according to the parameters measured (post implantation loss, live litter size and mean foetal body weights).  

The number of mean corpora lutea and implantation sites were comparable across all treated and control groups; 

any differences from the control were slight, not statistically significant and did not occur in a dose-related 

manner.  The evaluation of caesarean section and foetal morphology data for the 750 and 1000 mg/kg bw/day 

was precluded by the early termination of all animals in these dose groups. 

Foetal data 

The numbers of foetuses (litters) available for morphological evaluation were 46(5), 45(5), and 57(6) in the 

control, 100, and 350 mg/kg bw/day groups, respectively.   

There were no external or visceral malformations at any dose.  There were no external variations noted but 

visceral variations were observed in the 100 and 350 mg/kg bw/day dose groups; these comprised accessory 

spleen(s), major blood vessel variation (left carotid artery arose from the brachiocephalic trunk), retrocaval 

ureter, extra papillary muscle in the heart, and/or small gallbladder.  These findings occurred infrequently or at a 

similar frequency to that in the concurrent control group and did not occur in a dose-related manner.  

Overall there was no indication of treatment-related developmental toxicity at any doses tested. 
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Variations (Table B 6.6.2.9) 

No treatment-related soft tissue (visceral) variations were noted; variations that occurred in all groups included 

accessory spleen(s), major blood vessel variation (no brachiocephalic trunk), extra papillary muscle in the heart 

or only 2 papillary muscles, retrocaval ureter, absent, small, or bilobed gallbladder, small or pale spleen, pale 

liver, accessory liver lobule, and/or haemorrhagic ring around the iris.  These visceral variations did not occur in 

a dose-related manner, were noted similarly in the concurrent control group, and were therefore considered to be 

unrelated to treatment by HSE. 

No treatment-related skeletal variations were noted; findings across all groups included 13th full and/or 

rudimentary ribs, sternebrae (unossified, malaligned or misshapen), presacral vertebrae, extra ossification of 

sternebra, 7th cervical ribs or sternebra, bent hyoid arches, accessory skull bones, vertebral centra not fully 

ossified, reduced ossification of the skull and a hole in the xyphoid cartilage.  These findings did not occur in a 

dose-related manner and were noted similarly in the concurrent control group; therefore, none of these were 

considered to be treatment-related by HSE. The incidence of sternebrae with thread-like attachment was 

increased (3 in 3 litters vs 0 in controls) at the top dose.  However, considering the very low incidence and the 

isolated nature of the observation (with no clear pattern of skeletal variations), this is most likely a chance 

finding unrelated to treatment with bixlozone.  

A distended, gas-filled stomach was observed in one foetus of the 400 mg/kg bw/day group and cystic oviducts 

were observed for one foetus in the control group and two foetuses in the 75 mg/kg bw/day group.  These 

findings were not classified as either malformations or variations and hence were not included in the summary 

tables.  In any case, they were not treatment-related (they occurred infrequently, at similar frequencies in the 

control group, and/or in a manner that was not dose-related). 
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(2014), study Report No. FMC-R2838) since no time of peak effect could be established from the dose-range 

finding study.   

Motor activity was assessed using a series of infrared photo beams for a duration of 60 minutes (compiled as six 

10 minute intervals of 0-10 minutes, 11-20 minutes, 21-30 minutes, 31-40 minutes, 41-50 minutes, and 51-60 

minutes) and is defined as a combination of fine motor skills (i.e., grooming, interruption of 1 photobeam) and 

ambulatory motor activity (interruption of 2 or more consecutive photobeams). 

Central and peripheral nervous tissue was examined in 5 animals/sex of the control and high-dose groups. 

Results 

There were no deaths; clinical observations (which were recorded twice daily) revealed the presence of a yellow 

material around the urogenital area of four females of the high-dose group at 2000 mg/kg bw on study days 2-4 

only. Although treatment-related, this observation is not considered adverse. 

Body weights 

Body weights were recorded weekly and there were no statistically significant differences on either body weight 

or body-weight gain between the treated and control groups.   

FOB (Table B 6.7.2.1) 

Home cage observations revealed no treatment-related findings; however, on study day 0 it was noted that 9/10 

females of the 500 mg/kg bw group were sitting or standing (meaning they were not asleep or with closed 

eyelids) compared to 5/10 females in the control group.  In the same group on study day 7 a total of 5/10 

females were noted as sitting or standing and only 1/10 asleep; the changes were statistically significant 

compared to the control group (0/10 sitting or standing; 7/10. asleep, lying on side or curled up).  These 

observations occurred at 500 mg/kg bw only and thus did not demonstrate any dose response relationship; 

furthermore, they were also not accompanied with any changes in home-cage handling and sensory parameters 

suggesting abnormal behaviour for this animal group.  Therefore, HSE considers that this is an incidental 

finding not related to treatment with bixlozone.   

Handling and sensory parameters were unaffected by treatment with bixlozone.  

With regard to open field parameters, the time to first step was statistically significantly lower in males of the 

500 mg/kg group compared to the control group; however, there was no dose-response and therefore the 

observation was considered a chance finding.   

There were no significant effects seen on neuromuscular parameters, with the exception of a shorter mean 

rotarod performance which was noted in males at 2000 mg/kg bw on study day 7; this isolated finding was not 

repeated on days 0 or 14, therefore this effect is not considered to be related to treatment with bixlozone. 

Physiological parameters were overall unaffected by test substance administration; however, several changes 

were noted.  A statistically significantly longer catalepsy time was noted for males in the 2000 mg/kg bw group 

(0.6 seconds) compared with the control group (0.3 seconds) on study day 0.  However, the value was similar to 

the values retrieved for males treated with 2000 mg/kg bw and the control group during the pre-test period (0.4 

and 0.5 seconds, respectively); therefore, this difference is not considered treatment-related.  Statistically 

significantly lower mean body temperatures were noted for females in the 1000 (36.9°C) and 2000 (37.1°C) 

mg/kg bw groups compared with the control group (38.0°C) at the time of peak effect (approximately 1 hour 

following dose administration) on study day 0.  However, as no clear dose-response was seen, these slight 

changes are not considered treatment-related by HSE. 

Overall, there were no relevant findings noted from home cage observations and examination of handling, 

sensory, neuromuscular and physiological parameters. 
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In regard to clinical-chemistry parameters, treatment-related and adverse effects on some parameters 

(cholesterol, proteins, calcium) indicative of potential liver toxicity were observed from 2000 ppm in both sexes.  

Associated histopathological findings were seen in the liver from the mid dose (2000 ppm) and findings in the 

thyroid were observed at the top dose (8000 / 5000 ppm in males and females respectively). 

A NOAEL of 500 ppm (equivalent to 29 and 37 mg/kg bw/day in males and females respectively) has been set 

from this study for systemic (generalised) toxicity. 

FOB (Table B 6.7.3.1) 

Home cage parameters were unaffected following repeated administration to bixlozone; however several 

changes were noted.  At week 1 a statistically significantly higher number of males were noted with faecal 

pellets in the mid-dose group only (2000 ppm group) compared to the control group (no defecation was seen for 

this group during the open field observations compared to the other male groups).  The finding is not considered 

toxicologically relevant since it does not fit into a dose-dependent relationship for this parameter and was not 

repeated at the subsequent weeks.  At week 12 the majority of females in the 2000 and 5000 ppm groups were 

noted as sitting, standing normally or alert (oriented toward observer) and the difference compared to the control 

group was statistically significant.  Nevertheless, this isolated finding was not accompanied with a significant 

change in handling parameters and open field or sensory observations suggesting abnormal behaviour for these 

animals; the finding is thus considered to represent generalised toxicity rather than specific neurotoxicity and is 

covered by the NOAEL set for generalised toxicity from the study.  

Handling parameters, open field and sensory observations were unaffected by treatment at all doses in both 

sexes. 

In regard to neuromuscular parameters, the only notable change was observed at week 3 where a statistically 

significant shorter mean rotarod performance times were noted for males and females in the mid-dose only 

(2000 ppm group) when compared to their respective control groups.  This isolated finding is not considered to 

be treatment-related since it did not fit into a dose-dependent relationship and was not repeated at the subsequent 

weeks.   

Overall there was a higher incidence of alert females at week 12 from 2000 ppm (150 mg/kg bw/day), but, in 

isolation, this finding is not considered to represent a specific neurotoxic response, but generalised toxicity, 

already covered by the study NOAEL of 500 ppm (29/37 mg/kg bw/day in M/F see Section B.6.3).  
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Results 

Plate incorporation assay  

In the plate incorporation assay there was no evidence of toxicity and no precipitate observed following 

exposure to the test item, up to the highest concentration recommended by the OECD guideline (limit 

concentration).  

There was no evidence of mutagenic activity, either in the presence or absence of metabolic activation, at any 

concentration up to and including 5000 µg/plate.  The reference mutagens used as positive controls in the test 

produced a distinct increase in revertant colonies and those values were within the HCD provided by the 

laboratory.  Vehicle controls values were also within the HCD provided.  Based upon these results, the 

concentrations of 50, 150, 500, 1500 and 5000 μg per plate were selected for use in the second test. 
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Table B. 6.8.1.1.: 2,4-Dichlorobenzoic acid - Plate incorporation assay 

Please see below: 
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 Revertant Colonies (Mean / fold increase relative to vehicle) 

Metabolic 

Activation 
Test Item 

Concentration 

(g/plate) 
TA98 TA100 TA1535 TA1537 

WP2 uvrA 

(pKM101) 

 
Mean per plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Without 

Activation 

DMSO 100 L/plate 44.7  138.7  30.7  12.7  231.7  

2,4-DCBA 5 36.7 0.8 160.7 1.2 30.0 1.0 11.7 0.9 228.0 1.0 

2,4-DCBA 15 41.3 0.9 138.3 1.0 31.7 1.0 10.0 0.8 250.0 1.1 

2,4-DCBA 50 36.7 0.8 139.3 1.0 23.0 0.7 11.7 0.9 217.7 0.9 

2,4-DCBA 150 39.7 0.9 128.0 0.9 27.0 0.9 12.0 0.9 211.3 0.9 

2,4-DCBA 500 39.0 0.9 142.7 1.0 27.7 0.9 12.7 1.0 220.3 1.0 

2,4-DCBA 1500 36.7 0.8 140.7 1.0 33.0 1.1 10.0 0.8 224.0 1.0 

2,4-DCBA 5000 30.7 0.7 151.7 1.1 27.3 0.9 7.7 0.6 208.7 0.9 

2-Nitrofluorene 2 192.3 4.3 NT NT NT NT NT NT NT NT 

Sodium azide 2 NT NT 677.3 4.9 840.0 27.4 NT NT NT NT 

9-Aminoacridine 50 NT NT NT NT NT NT 113.7 9.0 NT NT 

4-Nitroquinoline-1-oxide 2 NT NT NT NT NT NT NT NT 2131.3 9.2 

 

With 

Activation 

DMSO 100 L/plate 55.0  161.7  22.7  14.0  229.3  

2,4-DCBA 5 51.0 0.9 141.3 0.9 19.7 0.9 12.0 0.9 207.3 0.9 

2,4-DCBA 15 56.7 1.0 154.0 1.0 20.7 0.9 17.7 1.3 217.3 1.3 

2,4-DCBA 50 55.3 1.0 156.3 1.0 16.0 0.7 14.3 1.0 230.0 1.0 

2,4-DCBA 150 44.0 0.8 159.0 1.0 19.0 0.8 18.3 1.3 225.7 1.3 

2,4-DCBA 500 45.0 0.8 170.0 1.1 19.3 0.9 20.7 1.5 223.7 1.5 

2,4-DCBA 1500 46.3 0.8 177.0 1.1 21.0 0.9 13.0 0.9 228.7 0.9 

2,4-DCBA 5000 37.3 0.7 208.3 1.3 14.0 0.6 8.7 0.6 195.0 0.6 

Benzo(a)pyrene 5 273.7 5.0 NT NT NT NT 69.7 5.0 NT NT 

2-Aminoanthracene 5 NT NT 1730.7 10.7 450.3 19.9 NT NT NT NT 

2-Aminoanthracene 10 NT NT NT NT NT NT NT NT 959.3 3.7 

NT   Not tested  
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Pre-incubation assay (test 2)  

In the pre-incubation assay there was no evidence of toxicity and no precipitate observed in strains TA100, 

TA1535 and WP2 uvrA (pKM101) following exposure to the test item, up to the highest concentration tested 

(5000 μg/plate).  There was no evidence of mutagenic activity, either in the presence or absence of metabolic 

activation, at any concentration in these strains.   

Cytotoxicity (reduction in revertant colony numbers compared to controls) was observed at the top 

concentration in strains TA98 and from 1500 μg/plate in strain TA1537 in the absence of S9 mix, and in strain 

TA1537 in the presence of S9 mix.  There was no indication of a biological or dose-dependent increase in the 

number of revertants in these strains, either in the presence or absence of metabolic activation, at any 

concentration up to cytotoxic concentrations.  The reference mutagens used as positive controls in the test 

produced a distinct increase in revertant colonies and those values were within the HCD provided by the 

laboratory.  Vehicle controls values were also within the HCD provided. 
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Table B. 6.8.1.1.1.1: Experiment 2 Pre-incubation assay 

Metabolic 

Activation 
Test Item 

Concentration 

(g/plate) 
TA98 TA100 TA1535 TA1537 

WP2 uvrA 

(pKM101) 

 Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Mean per 

plate 

Fold 

increase 

Without 

Activation 

DMSO 100 L/plate 42.7  184.7  34.0  17.3  214.0  

2,4-DCBA 50 49.0 1.1 164.3 0.9 25.7 0.8 19.0 1.1 223.0 1.0 

2,4-DCBA 150 32.0 0.8 163.0 0.9 25.0 0.7 19.0 1.1 198.7 0.9 

2,4-DCBA 500 32.7 0.8 155.0 0.8 22.7 0.7 14.3 0.8 180.3 0.8 

2,4-DCBA 1500 29.3 0.7 156.7 0.8 24.0 0.7 11.7 0.7 153.7 0.7 

2,4-DCBA 5000 22.7 0.5 189.0 1.0 25.7 0.8 4.7 0.3 143.0 0.7 

2-Nitrofluorene 2 231.3 5.4 NT NT NT NT NT NT NT NT 

Sodium azide 2 NT NT 819.7 4.4 931.3 27.4 NT NT NT NT 

9-Aminoacridine 50 NT NT NT NT NT NT 147.7 8.5 NT NT 

4-Nitroquinoline-1-oxide 2 NT NT NT NT NT NT NT NT 2781.0 13.0 

 

With 

Activation 

DMSO 100 L/plate 48.3  184.3  22.7  23.3  261.3  

2,4-DCBA 50 49.3 1.0 151.3 0.8 19.3 0.9 16.0 0.7 231.7 0.9 

2,4-DCBA 150 46.0 1.0 149.0 0.8 16.3 0.7 19.7 0.8 239.7 0.9 

2,4-DCBA 500 46.3 1.0 168.0 0.9 17.3 0.8 20.3 0.9 239.3 0.9 

2,4-DCBA 1500 49.3 1.0 210.0 1.1 18.0 0.8 17.7 0.8 225.0 0.9 

2,4-DCBA 5000 37.3 0.8 222.3 1.2 14.7 0.6 12.0 0.5 156.7 0.6 

Benzo(a)pyrene 5 253.7 5.2 NT NT NT NT 77.0 3.3 NT NT 

2-Aminoanthracene 5 NT NT 2764.7 15.0 508.7 22.4 NT NT NT NT 

2-Aminoanthracene 10 NT NT NT NT NT NT NT NT 1276.3 4.9 

NT   Not tested   

In italics:  cytotoxicity (reduction in revertant colony numbers compared to controls) 
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Test substance (2,4-DCBA) concentrations used in the preliminary toxicity test 

All treatments (-/+S9 mix 

(3 hours) and -S9 mix (20 

hours) 

3.73, 7.46, 14.92, 29.85, 59.69, 119.38, 238.76, 477.53, 995.05 and 1910.1* 

μg/mL in single cultures. 

*1910.1 μg/mL is equivalent to 10 mM, the standard limit concentration within this test system as recommended in the current OECD 487 

(2016) guideline 

 

In the main experiment, three concentrations from those tested were evaluated for mutagenicity : 

 

Test substance (2,4-DCBA) concentrations used in the main micronucleus test (cultures analysed for 

micronucleus frequency are underlined)  

-S9 3-hour exposure group 666.01, 740, 822.24, 913.59, 1015.11, 1127.89, 1253.22, 1392.46, 1547.18, 

1719.09 and 1910.1 μg/mL in duplicate in the absence of S9 activation. 

+S9 3-hour exposure 

group 

666.01, 740, 822.24, 913.59, 1015.11, 1127.89, 1253.22, 1392.46, 1547.18, 

1719.09 and 1910.1 μg/mL in duplicate in the presence of S9 activation. 

-S9 20-hour exposure 

group 

39.33, 393.27, 436.97, 485.52, 539.47, 599.41, 666.01, 740, 822.24 and 913.59 

g/mL in duplicate in the absence of S9 activation. 

 

In both experiments the solvent DMSO (1.0 % in culture medium) served as a negative control; mitomycin C (3-

hr) and colchicine (20-hr) were used as positive controls in the absence of S9 mix, and cyclophosphamide as a 

positive control in the presence of S9 mix, to demonstrate appropriately the validity of the experiment.  

Treatment was started after a 48-hour stimulation period triggered by phytohemagglutinin (PHA).  After any 

necessary treatment with the S9 mix with subsequent washing and recovery phases, cytochalasin B (6.0 µg/mL) 

was added to the cultures to arrest the cell cycle.  The cultures were then prepared after another 20 hours.  

The CBPI was determined in 500 cells per culture. Any cytotoxicity effects of the test item on the cells was 

expressed as reduction in the CBPI compared with vehicle control values (cytostasis) or cell death.  The number 

of binucleate cells per culture scored for micronuclei on coded slides was 1000.  

 

Results 

Osmolarity and pH: 

A slight but dose-dependent decrease in pH was observed up to the highest concentration tested (1910.1 μg/mL) 

when compared with the concurrent vehicle controls; the shift is, at less than 1.0 in unit and ranged between 

6.76 and 7.08, not considered to affect the experiment.  No relevant changes in osmolarity was noted. 

Preliminary toxicity test 

Precipitation was observed at the top concentration following 3 hour treatments in the absence and presence of 

S9 mix and no precipitation was observed in the 20-hour treatment in the absence of S9 mix. 

After 3-hour treatment in the absence of S9-mix, there was no cytotoxicity (0% cytostasis) observed at 

concentrations up to 995.05 μg/mL.  However, at the higher concentration (maximum tested) excessive 

cytotoxicity was observed.   

After 3-hour treatment in the presence of S9-mix, cytostasis was observed in most of the samples with the test 

item, reaching 59.2% at the maximum concentration tested (1910.1 μg/mL).  

After 20-hour treatment in the absence of S9-mix, cytostasis was observed with the test item from 29.85 μg/mL 

and was excessive (87.1%) at 995.05 μg/mL.   

Main micronucleus test 

After 3-hour treatment in the absence and presence of S9-mix, there was precipitation observed at 1547.18 

μg/mL and above. Cytostasis was observed in most of the samples with the test item, which was significant at 

1547.18 μg/mL (53.5% and 22.0 % cytostasis in absence and presence of S9-mix respectively).  Thus, the 

concentrations of 822.24, 1392.46 and 1547.18 were selected for micronucleus analysis. 

After 20-hour treatment in the absence of S9-mix, there was no precipitation observed up to the highest 

concentration tested.  Cytostasis was observed in all the samples tested, reaching 50.2% compared with vehicle 
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control values at 599.41 μg/mL; overt cytotoxicity was observed above that concentration.  Thus, the 

concentrations of 39.33, 485.52 and 599.41 were selected for micronucleus analysis. 

In all experiments, there was no biologically relevant or dose-dependent increase in the numbers of 

micronucleated cells (binucleated cells containing micronuclei per 1000 cells) after treatment with the test item 

after 3 or 20 hours, either in the presence and absence of metabolic activation, up to the highest analysable 

concentrations tested.  The mean micronucleus frequencies were all within the laboratory HCD 95% confidence 

limits for the vehicle controls. 

Validity 

All solvent negative control values were within the mean + SD values of the HCD expect for the 20 hours 

treatment without S9-mix, and all values were within the range of the laboratory HCD (95% confidence limits).  

The positive controls showed distinct and statistically significant increases in cells with micronuclei across the 

experiments, so demonstrating the sensitivity of the test system.  All positive control values were within the 

mean + SD values of the HCD expect for the 3 hours treatment with S9-mix, and all values were within the 

range of the laboratory HCD for positive controls.  Thus, the results verified the validity of the study. 

 

Table B. 6.8.1.1.2.1: Summary of cytotoxicity and clastogenicity/aneugenicity data – Main micronucleus 

test 

Treatment 

Condition 

Test item concentration 

 (µg/mL) 

Cytostasis 

(%) 

Binucleated cells containing micronuclei per 1000 cellsa 

Mean p-valueb 
Trend test 

p-valuec 

Laboratory HCDf  

N studies (cultures) 

Mean ± SD 

95% confidence limits 

3-hour 

–S9 

Vehicled 0.0 4.5   

N = 68 (272) 

Mean 6.06 ± 2.4 

CL: 1.8 – 11.4 

2,4-DCBA (822.24) 2.7 5.0 1.000   

2,4-DCBA (1392.46) 22.9 3.5 0.654 0.549  

2,4-DCBA (1547.18)e 53.5 2.5 0.213 0.119  

MMC (0.3) 32.0 28.0 <0.001***  

N = 68 (136) 

Mean 39.0 ± 12.5 

CL: 24.6 – 64.0 

COL (0.07) 47.2 19.5 <0.001***  

N = 68 (136) 

Mean 25.6 ± 7.5 

CL: 10.6 – 40.6 

3-hour  

+S9 

Vehicled 0.0 4.5   

N = 67 (268) 

Mean 6.5 ± 2.2 

CL: 2.0 – 11.0 

2,4-DCBA (822.24) 4.5 4.5 0.935   

2,4-DCBA (1392.46) 16.8 4.0 0.801 0.672  

2,4-DCBA (1547.18)e 22.0 4.0 0.801 0.579  

CPA (10) 21.4 16.5 <0.001***  

N = 67 (134) 

Mean 22.2 ± 5.7 

CL: 10.9 – 33.6 

20-hour 

-S9 

Vehicled 0.0 3.3   

N = 67 (267) 

Mean 6.7 ± 2.3 

CL: 2.0 –11.4 

2,4-DCBA (39.33) 2.5 3.0 1.000   

2,4-DCBA (485.52) 27.8 3.0 1.000 0.820  

2,4-DCBA (599.41) 50.2 3.5 0.851 0.691  

MMC (0.1) 31.9 19.0 <0.001***  

N = 67 (134) 

Mean 25.4 ± 7.3 

CL: 16.2 – 39.9 

COL (0.02) 41.8 15.5 <0.001***  
N = 67 (134) 

Mean 17.0 ± 4.0 
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The assay was performed in duplicate cultures where the cells were incubated for 3 hours (either with or without 

metabolic activation). 

To evaluate cytotoxicity of the test item and determine concentrations to be used in the main experiment, a pre-

experiment was carried out.  The pre-test was performed with concentrations of the test item ranging between 

14.92 µg/mL and 1910.1 µg/mL, with an exposure time of 3 hours in the presence and absence of metabolic 

activation.  The pH and osmolarity were also measured in this pre-experiment.   

Test substance (2,4-DCBA) concentrations used in the preliminary toxicity test: 

All treatments (-/+S9 

mix (3 hours)  
14.92, 29.85, 59.69, 119.38, 238.76, 477.53, 955.05 and 1910.1 g/mL 

Based on the results of this pre-experiment, concentrations of up to 1910.9 µg/mL (equivalent to 10 mM)– the 

highest test concentration recommended by OECD 476 - were used in the main experiment. 

Each concentration and the controls were tested in duplicate.  In the main experiment, the test item was tested at 

the following concentrations (cultures assessed for determination of the mutant phenotype are underlined): 

-S9 mix (3 hours)  50, 500, 1000, 1400 and 1910.1 g/mL in duplicate in the absence of S9 

activation. 

-S9 mix (3 hours)  

Additional test 
458.62, 655.16, 935.95, 1337.07 and 1910.1 g/mL in duplicate in the 

absence of S9 activation. 

+S9 mix (3 hours) 50, 500, 1000, 1200, 1400, 1600, 1800 and 1910.1 g/mL in duplicate in 

the presence of S9 activation. 

The exposure time for the main experiment, both with and without metabolic activation, was 3 hours.  After the 

incubation period, the treatment media were replaced with fresh medium and cells were trypsinised and then 

incubated for 7 days to allow for expression of mutant cells.  After these 7 days, the cells were incubated in 

selective medium containing 6-TG (final concentration of 10 g/mL) for approximately 7 days, before being 

stained in a methanol:Giemsa solution (4:1 v/v) and counted.  Two additional flasks were seeded per 

experimental point with approx. 500 cells each to determine the relative survival (RS) as a measure of test item 

induced cytotoxicity.  The mean mutant frequency (MF) is calculated based on the number of mutant colonies 

corrected by the cloning efficiency at the time of mutant selection. 

Results 

Pre-experiment testing cytotoxicity, pH and osmolarity: 

There was no visual precipitation observed after 3 hours treatment, with and without metabolic activation.  

There was no relevant change in pH and osmolarity of the medium, up to the highest tested concentration 

(1910.1 µg/mL) compared with the concurrent vehicle controls. 

No significant cytotoxic effect, indicated by a relative cloning efficiency (RS) of <50 %, was observed after 3 

hours treatment without metabolic activation, up to the highest tested concentration and compared to the vehicle 

controls.  After 3 hours treatment with metabolic activation, no significant cytotoxic effect was observed up to 

the concentration of 955.05 µg/mL; excessive cytotoxicity (4% RS) was seen at the highest concentration tested.   

Concentrations for the main test were based upon these data. 

Main experiment 

3-hour treatment in the absence of metabolic activation 

After 3-hour treatment in the absence of metabolic activation, there were no precipitation, no significant 

cytotoxicity and no concentration-related response or statistically significant increase (tests for linear trend and 

non-linearity) in mean MF numbers/106 cells, up to the maximum concentration of 1910.9 µg/mL compared to 

the vehicle controls.  The positive controls, EMS showed a distinct and statistically significant increase in 

induced mutant colonies, demonstrating the sensitivity of the test system, and both the negative and positive 

controls fulfilled the acceptability criteria of the laboratory and the OECD guideline, demonstrating the validity 

of the experiment.  

The mean mutant frequencies for the test item treated cultures at 50, 500 and 1400 µg/mL were above the HCD 

95% confidence limits.  All the other results, including those of the vehicle and positive controls, were within 

the HCD 95% confidence limits.  Thus, the results did not fulfill the criteria for a clearly negative result 

according to the OECD guideline, and an additional test was conducted accordingly.   
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Additional 3-hour treatment in the absence of metabolic activation 

After 3-hour treatment in the absence of metabolic activation, there were no precipitation, no significant 

cytotoxicity and no concentration-related response or statistically significant increase (tests for linear trend and 

non-linearity) in mean mutant colony numbers/106 cells, up to the maximum concentration of 1910.9 µg/mL 

compared to the vehicle controls.  The positive controls, EMS showed a distinct and statistically significant 

increase in induced mutant colonies, demonstrating the sensitivity of the test system, and both the negative and 

positive controls fulfilled the acceptability criteria of the laboratory and the OECD guideline, demonstrating the 

validity of the experiment. 

The mean mutant frequency for the vehicle control cultures was slightly above the laboratory HCD 95% 

confidence limits (13.63 vs. 13.5) but is acceptable for inclusion in the historical control distribution according 

to the OECD guideline recommendations (paragraph 33 of the guideline).  The mean mutant frequency for the 

test item treated cultures at 935.95 µg/mL was also above the HCD 95% confidence limits of the vehicle control 

(13.99 vs. 13.5) however, the value is within the HCD range (5.6 – 14.5) and is comparable to the value of the 

vehicle control in this experiment (Mean MF = 13.99 at 935.95 µg/mL vs MF = 13.63 in control).  All the 

remaining test item treated cultures had mean mutant frequencies within the HCD 95% confidence limits. 

Conclusion on the two independent 3-hour treatments in the absence of metabolic activation 

In the two independent tests in the absence of S9 mix, the test item did not cause any statistically significant 

increases in mean MF compared to the controls and showed no evidence of a concentration-related increase.  

Both negative and positive controls fulfilled the acceptability criteria of the laboratory and the OECD guideline.  

In the second experiment, the mean MFs which were above the HCD 95% confidence limits were only slightly 

exceeding those limits, they remained within the HCD range and were comparable to the control value.  Lastly, 

all the MFs were within the expected spontaneous mutant frequency range of between 5 and 20 x 10-6 mutants 

as described in the OECD 476 (2016) guideline (paragraph 26 of the guideline).   

Overall, the results in the absence of S9 mix were considered negative. 

3-hour treatment in presence of metabolic activation 

There were no precipitation observed at the end of treatment, but the test item caused excessive toxicity at 1800 

µg/mL (mean RS to 20%).  There was no concentration-related response or statistically significant increase 

(tests for linear trend and non-linearity) in mean mutant colony numbers/106 cells, up to the maximum 

(cytotoxic) concentration of 1800 µg/mL compared to the vehicle controls.  The 95 % confidence interval of the 

laboratory HCD range was not exceeded in any of the treated samples.   

The positive control, 3MC, showed a distinct and statistically significant increase in induced mutant colonies, 

demonstrating the sensitivity of the test system, and both the negative and positive controls fulfilled the 

acceptability criteria of the laboratory and the OECD guideline, demonstrating the validity of the experiment. 

Overall, the results in presence of S9 mix were considered negative. 
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2) Conjugated metabolites (O-glucuronides and sugar conjugates) being of similar or lower toxicity compared to 

their unconjugated products (due to cleavage in the human gastrointestinal tract). 

 

The structural similarity was also assessed by analysing the metabolite structures with the general mechanistic 

profilers of the OECD QSAR TOOLBOX (version 4.4), which showed that the metabolites 5-hydroxy-

bixlozone, 5’-hydroxy-bixlozone and bixlozone-3-OH-propanamide are the most similar compounds to 

bixlozone.   

In general, slight structural and physical-chemical properties variations triggered by simple hydroxylation of the 

parent compound are not expected to generate significant changes in the toxicity profile of metabolites when 

compared with the parent.  The metabolites 5-hydroxy-bixlozone and 5’-hydroxy-bixlozone only differ from 

bixlozone by one hydroxylation. The dice structural similarity10 to bixlozone was calculated at 96.9% for 5 OH-

bixlozone and 86.6% for 5’-hydroxy-bixlozone respectively and it is generally accepted that two structures are 

considered similar if the dice structural similarity is > 85%.  Additionally, both metabolites have similar 

physical-chemical properties (log Kow and molecular weight) to bixlozone, as seen in Table B 6.8.1.2 below.   

Comparative in silico analysis of 5-hydroxy-bixlozone did not flag any relevant additional alert compared to 

bixlozone (Wijeyesakere S.J. et al., 2020 Report number FMC-55114 & Sharon A. Jackson S.A., 2019 Report 

number 2018WHP-ISX4394).  However, the hydroxylation of the phenyl ring of bixlozone to form 5’-hydroxy-

bixlozone generates an additional phenol functional group not present in bixlozone, which triggers additional 

alerts for in vitro mutagenicity (Ames test) and skin sensitisation compared to bixlozone.  Therefore, read-across 

to bixlozone is not considered appropriate for 5’-hydroxy-bixlozone at this stage and further assessment of the 

relevance of these alerts is warranted (please refer to the sub-sections below for further details). 

The general mechanistic profilers of the OECD QSAR TOOLBOX also show that bixlozone-3-OH-

propanamide is structurally similar to bixlozone with a dice structural similarity > 85% and comparable Log 

Kow and molecular weight.  However, it is formed after hydroxylation and cleavage of the isoxazolidinone ring 

of bixlozone, which forms additional alcohol and carboxylic acid amide groups to those present in bixlozone.  

Moreover, this metabolite flagged an additional alert for skin sensitisation using the OECD QSAR Toolbox 

which is assessed for its toxicological relevance in the sections below.  Thus, it cannot be ruled out that 

bixlozone-3-OH-propanamide has a different toxicity profile to bixlozone and so read-across to bixlozone is not 

considered appropriate at this stage.   

 
10 Dice structural similarity (%) was calculated via the fingerprint method using PubChem features using the OECD QSAR ToolBox (ver. 

4.4).  The dice coefficient is the number of features in common to both molecules relative to the average size of the total number of 

features present (range 0 to 1). 
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Results of the structural profiling for genotoxicity using the OECD QSAR ToolBox 

No alerts were flagged for bixlozone or any assessed metabolite (except 5’-hydroxy-bixlozone – see below) by 

the following profilers: 

1. DNA binding by OASIS 

2. DNA binding by OECD 

3. Protein Binding by OASIS 

4. Protein binding by OECD 

5. DNA alerts for AMES, CA and MNT by OASIS 

6. In vitro mutagenicity (Ames test) alerts by ISS 

The metabolite 5’-hydroxy-bixlozone flagged an additional “protein binding alerts for in vitro chromosomal 

aberration by OASIS” (alert AN2 >> Michael addition to the quinoid type structures) compared to bixlozone 

owing to the possible metabolic activation of its phenol sub-structure (not present in bixlozone) to yield a facile-

reactive quinone.  The metabolite on the other hand did not flag any corresponding DNA binding alert or alerts 

for in vivo mutagenicity. 

The alerts eliciting the chromosomal aberration (CA) models by OASIS account for interactions with DNA 

and/or proteins.  Direct binding of chemicals to DNA is one of the underlying mechanisms that are responsible 

for CA mutagenicity.  Disturbance of protein synthesis due to inhibition of topoisomerases and interaction of 

chemicals with nuclear proteins associated with DNA (e.g., histone proteins) are identified as additional 

mechanisms also leading to positive CA effect.  Thus the protein binding alert is included as a second reactivity 

component (complementing DNA reactivity) in the in vitro Chromosomal aberrations OASIS TIMES 

mutagenicity model.  Both DNA and protein binding profilers do not account for the inability of these alerts to 

be expressed due to electronic and steric hindrance. 

The applicant provided an assessment of the relevance of the AN2 alert in 5’-hydroxy-bixlozone.  Several 

compounds of the training set curated for this alert have a similar substituted phenol structure to 5’-hydroxy-

bixlozone, such as the simple chemicals 4-chlorophenol (CAS: 106-48-9) and 2,4-dichlorophenol (CAS: 120-

83-2).  Both compounds were tested positive in an in vitro mammalian chromosome aberration test without 

metabolic activation (reference for 4-chlorophenol from the National Institute of Health Sciences – Japan11 and 

for 2,4-dichlorophenol from Hilliard, CA et al. (1998) 12).  However, publicly available data show that 4-

chlorophenol is neither clastogenic nor aneugenic in a modern in vitro micronucleus assay (available in the 

ECHA-REACH Registration dossier; https://echa.europa.eu/registration-dossier/-/registered-

dossier/30700/7/7/2).   

Moreover, the OECD Toolbox literature tab linked to the alert highlights that the presence of halogens in 

positions 3, 4 and 5 against a hydroxyl group will impede the access of the phenoxyl radical to the carbon-

centered radical, limiting the formation of the intermediate dimer and the corresponding quinone.  The applicant 

underlined that this is the case here for 5’-hydroxy-bixlozone since it has a chloro group para to the phenol 

along with additional steric hindrance from the isoxazolidinone fragment, suggesting that this mechanism is less 

likely to occur with this metabolite.   

The applicant also highlighted that since 5’-hydroxy-bixlozone did not flag any corresponding DNA binding 

alert or alerts for in vivo mutagenicity, the weight of evidence is suggesting that the protein binding alert for in 

vitro CA in isolation is of low concern.  

HSE further noted that the alert is not supported by Derek Nexus which retrieved no alert for 5’-hydroxy-

bixlozone (see further below).   

In conclusion, the weight of evidence indicates that this alert is of low toxicological relevance to the genotoxic 

potential of 5’-hydroxy-bixlozone and that overall this metabolite is unlikely to be genotoxic.   

No other additional alerts were identified for the other metabolites compared to bixlozone. 

Overall, no relevant additional alerts have been highlighted for any of the assessed metabolites compared to 

bixlozone using the OECD QSAR ToolBox. 

 

 
11 https://www.cdc.gov/niosh-rtecs/SK2AB980.htm 
12 Hilliard,CA et al ; ENVIRON. MOL. MUTAGEN. 31(4):316-326, 1998 
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study, these data indicate that 2,4-dichlorobenzoic acid may be approximately 2-fold more toxic than bixlozone 

(by taking into account that it is also a major rat metabolite of bixlozone, potentially covered by parent).   

On this basis, it is concluded that 2,4-dichlorobenzoic acid is more toxic than the parent and a likely 

candidate for inclusion in the Residue Definition from a toxicological perspective.  If a risk assessment were to 

be required, the dietary reference values of bixlozone should be used, adjusted for a relative potency factor 

of 2. 

 

Bixlozone-dimethyl-malonamide (no CAS number, Code M289/2) 

No publicly available toxicological data has been found for this metabolite.  A comparative in silico analysis of 

bixlozone-dimethyl-malonamide to bixlozone flagged the same alert for protein binding by OASIS 

(sensitisation) via Schiff base formation (‘1,2-dicarbonyls and 1,3-dicarbonyls’) using the OECD QSAR 

Toolbox identified for bixlozone-3-OH-propanamide.  It was noted that here again bixlozone-3-OH-malonamide 

falls outside the scope of the alert as its R groups are not hydrogen or carbon, as defined by the alert description, 

but rather ‘O’ and ‘N”.  No other alerts were identified. 

Overall, based on the limited information available, bixlozone-dimethyl-malonamide is not predicted to have a 

more severe toxicity profile compared to bixlozone and its upstream metabolite bixlozone-3-OH-propanamide 

for the toxicity hazards considered (carcinogenicity, organ toxicity, reproductive toxicity, irritation, skin and 

respiratory sensitisation, neurotoxicity). It should be noted however, that the reliability of QSAR predictions for 

these more complex endpoints is low. 
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The metabolite bixlozone-3-OH-propanamide (no CAS number, Code M275/1) shares some structural 

similarity to bixlozone; however additional alcohol and carboxylic acid amide functional groups are formed 

when the isoxazolidinone ring of bixlozone is opened up.  Although no additional in silico alerts were flagged 

for this metabolite for genotoxicity or general toxicity compared to bixlozone, the reliability of QSAR 

predictions for complex general toxicity endpoints is low.  Its conjugate form, bixlozone-3-OH-propanamide-

sulfate (no CAS number, Code M355/1) is expected to have comparable or less severe toxicity.  Its downstream 

metabolite bixlozone-dimethyl-malonamide (no CAS number, Code M289/2) is structurally close to bixlozone-

3-OH-propanamide; both shared the same comparative in silico findings.  None of these metabolites is a major 

rat metabolite. However, having excluded genotoxicity by QSAR analysis, if a risk assessment were to be 

required for bixlozone-3-OH-propanamide, bixlozone-3-OH-propanamide-sulfate and bixlozone-dimethyl-

malonamide, the Cramer class III TTC chronic value of 1.5 µg/kg bw/day and acute value of 5 µg/kg bw 

could be used in a conservative first-tier assessment.  Given their close structural similarity, a combined risk 

assessment of these three metabolites against the TTC values should be performed, if required.   

The metabolite 2,4-dichlorobenzoic acid (CAS 50-84-0, Code M190/1) is a putative major rat metabolite 

considered to be covered via its downstream glycine conjugate 2,4-dichlorohippuric acid, the latter being 

recovered in rat urine at levels > 10 % of the AD in both sexes following single low dose oral exposure.  On this 

basis, its toxicity profile could be considered ‘covered’ by the parent.  However, specific data are available on 

this metabolite.  These data take precedence on the kinetic prediction and indicate that 2,4-dichlorobenzoic acid 

is not genotoxic in vitro in modern studies but may be approximately 2-fold more toxic than bixlozone.  On this 

basis, it is concluded that 2,4-dichlorobenzoic acid (M190/1) is more toxic than the parent and a likely 

candidate for inclusion in the Residue Definition from a toxicological perspective.  If a risk assessment were to 

be required, the dietary acute and chronic reference values of bixlozone should be used, adjusting the 

residue estimate of 2,4-dichlorobenzoic acid for a relative potency factor of 2.  In addition, a modifying factor of 

1.435 should also be applied to account for the molecular weight conversion between the parent and the 

metabolite.  This will allow to express 2,4-dichlorobenzoic acid into parent bixlozone equivalents. 

The two metabolites 2,2-dimethyl-3-hydroxy propionic acid (CAS 4835-90-9, Code M118/1) and dimethyl-

malonic acid (CAS 595-46-0, Code M 132/1) are not structurally similar to bixlozone but are closely related to 

each other.  Both substances are not major rat metabolites.  No additional in silico alerts were flagged for these 

metabolites for genotoxicity compared to bixlozone; however, they both have classification notifications 

indicating a more severe toxicity profile compared to bixlozone.  These general toxicity hazards (local irritant 

effects on skin, eye and respiratory tract) are nevertheless of no relevance to the dietary route of exposure. In the 

residues assessment in the DAR (Vol 1, section 2.7.4 and 2.7.3), it is noted how the applicant has proposed that 

residues of M118/1 have occurred in a number of control and treated crop samples from the field trials, and 

indicated that this was due to its natural occurrence.  HSE requested additional information to justify the natural 

occurrence of the metabolites in food.  The applicant responded that both metabolites M118/and M132/1 are 

small natural molecules that should be considered benign in nature and a review publication was submitted to 

support such a statement (Rezanka T, Kolouchova I, Cejkova A and Sigler K. Biosynthesis and metabolic 

pathways of pivalic acid. Appl. Micobiol. Biotechnol. 95, 1371-1376 (2012)).  In the review the authors referred 

to literature that indicates that 2,2-dimethyl-3-hydroxy propionic acid (named pivalic acid in the review) can be 

biosynthesised by some bacteria to be incorporated into fatty acids (genera Alicyclobacillus, Rhodococcus, and 

Streptomyces) and into the antibiotic avermectin (Streptomyces avermitilis).  They concluded that since pivalic 

acid is a starter unit in fatty acid biosynthesis, it must be presumed that pivalic acid is a natural compound.  HSE 

considers that presence of pivalic acid in bacteria does not make this metabolite a naturally derived component 

of food and that the evidence provided does not rule out that 2,2-dimethyl-3-hydroxy propionic acid can have 

intrinsic toxicological properties that may affect human health.  

Regarding Cramer Class predictions, HSE noted that both metabolites were assigned TTC Cramer Class I in the 

current online version of Toxtree (https://apps.ideaconsult.net/data/ui/toxtree).  However, in the report provided 

by the applicant (Wijeyesakere S.J. et al., 2020 Report number FMC-55114) it was stated that both metabolites 

should be assigned TTC Cramer Class III according to the extended Cramer classification profiler implemented 

within the OECD QSAR Toolbox (version 4.4.1) and based on both compounds having a complex chemical 

structure and not being a normal component of food.  

In order to address the inconsistencies described above, HSE requested the applicant to present any further data 

or justification to consider the Cramer Class assignation further.  The applicant reviewed the rule interpretation 

of the Cramer decision tree from Toxtree (ver. 3.1.0) and the OECD QSAR Toolbox (ver. 4.4) and estimated 

that the discrepancies seen between the results from both tools could be due to differences in answering one of 

the Cramer decision tree questions.  In the case of the metabolites 2,2-dimethyl-3-hydroxy propionic acid and 

dimethyl-malonic acid, the difference arises as a result of the interpretation of Cramer Rule # 20 (rule title: 



Bixlozone Volume 3 – B.6 (AS)   

  

 

 

277 

 

aliphatic with some functional groups) which was answered with a “YES’ by Toxtree but with a ‘NO” by the 

OECD QSAR Toolbox.  Since both metabolites are fitting with the rule explanation that they both are “simply 

branched aliphatic compounds containing four or less alcohol or acid functional groups” a “YES” response is 

concluded to be the most appropriate response.  Overall, while both models are useful tools to implement the 

Cramer decision tree, following expert judgment for rule interpretation18 the applicant concluded that the OECD 

QSAR Toolbox classification was incorrect and that Cramer Class I should be assigned to both metabolites 2,2-

dimethyl-3-hydroxy propionic acid and dimethyl-malonic acid. 

HSE reviewed the case provided by the applicant and considered it acceptable.  Having excluded a genotoxicity 

potential, the limited toxicological data available for the metabolites show the presence of local effects of no 

relevance to the dietary route of exposure.  The review of the toxic hazard of the metabolites estimated using 

Cramer rules indicated that the Cramer Class I is the most appropriate assignment to both metabolites 2,2-

dimethyl-3-hydroxy propionic acid and dimethyl-malonic acid.  Cramer class I substances are simple chemical 

structures for which efficient modes of metabolism exist, suggesting a low order of oral toxicity.  There was 

insufficient evidence provided to ascertain they are naturally derived component of food and the evidence 

provided did not rule out they can have intrinsic toxicological properties that may affect human health.  

Nevertheless, the TTC chronic value for Cramer class I substances is at 30 µg/kg bw/day, one order of 

magnitude lower than the ADI of 0.3 mg/kg bw/day (300 µg/kg bw/day) set for bixlozone.  Overall, following a 

weight of evidence approach, the TTC Cramer Class I chronic value is considered conservative and could be 

used in a first-tier assessment for these two metabolites. 

In conclusion, having excluded genotoxicity by QSAR analysis, if a risk assessment were to be required for 2-

dimethyl-3-hydroxy propionic acid and dimethyl-malonic acid, the Cramer class I TTC chronic value of 

30 µg/kg bw/day could be used in a conservative first-tier assessment.  This TTC value can also be used for the 

acute exposure assessment for these metabolites (when performing an initial 'screen' versus the TTC (CCI)).  

Given their close structural similarity, a combined risk assessment of these two metabolites against the TTC 

value should be performed, if required.  

The table below summarises the available toxicological data for the metabolites selected for potential inclusion 

in the residue definitions.   

 

 
18 Bhatia, S., et. al., (2015). Comparison of Cramer classification between Toxtree, the OECD QSAR Toolbox and expert judgment. 

Regulatory Toxicology and Pharmacology, 71(1), 52–62. 
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B.6.8.2. Supplementary studies on the active substance 
 

Palatability studies in mice, rats and dogs over 7-day (diet) repeated administration have been conducted and 

they are summarised in Section Error! Reference source not found. for repeated-dose toxicity.  These studies 

concluded that there were transient palatability-related issues seen in the dog, but not in the rat and mouse. 

No other supplementary studies on the active substance have been submitted. 

 

 Immunotoxicity 
 

No specific immunotoxicity study conducted with bixlozone is available.  Potential biomarkers of 

immunotoxicity have been measured in the existing toxicology studies including short-term, chronic, 

carcinogenic and reproductive toxicity studies conducted in multiple species.  In all of the relevant toxicology 

studies conducted, immunotoxicology parameters including haematology (blood neutrophil, mononuclear cells, 

eosinophils, white blood cell (WBC) counts), clinical chemistry (albumin and globin ratio), organ weights 

(spleen, thymus), gross and histopathological examination of immunological organs (thymus, spleen, bone 

marrow and lymph nodes) have been included.  

There was no indication that bixlozone has effects on the immune system in experimental animals from any of 

the studies conducted. Overall, HSE concludes that bixlozone does not affect the immune system, and a specific in 

vivo immunotoxicity study is not required. 

 

B.6.8.3. Studies on endocrine disruption 
 

This section includes an assessment of the adverse effects potentially related to an endocrine mode of action as 

observed in the regulatory toxicological studies conducted with bixlozone.  Since bixlozone is a new substance, 

there are no in vitro endocrine activity assays reported under ToxCast and none have been conducted by the 

Applicant.   

The definition of an endocrine disruptor (ED) is based on the WHO/IPCS (2002) definition and the assessment 

of endocrine disruption is based on the criteria for endocrine disruption (Commission Regulation (EU) 2018/605 

of 19 April 2018).  The criteria as listed in Annex II point 3.6.5 are as follows: 

‘From 20 October 2018, an active substance, safener or synergist shall be considered as having endocrine 

disrupting properties that may cause adverse effect in humans if, based on points (1) to (4) of the sixth 

paragraph, it is a substance that meets all of the following criteria, unless there is evidence demonstrating that 

the adverse effects identified are not relevant to humans: 

1) it shows an adverse effect in an intact organism or its progeny, which is a change in the 

morphology, physiology, growth, development, reproduction or life span of an organism, 

system or (sub)population that results in an impairment of functional capacity, an impairment 

of the capacity to compensate for additional stress or an increase in susceptibility to other 

influences; 

2) it has an endocrine mode of action, i.e. it alters the function(s) of the endocrine system;  

3) the adverse effect is a consequence of the endocrine mode of action.’ 

 

For the evaluation of the first criterion, it has to be determined whether adverse effects potentially related to an 

endocrine mode of action are observed.  In this section the evaluation of effects on reproductive and endocrine 

related organs from all valid repeated-dose toxicity, long-term and reproductive toxicity studies are compiled and 

the adversity and specificity of the observed effects is assessed.  For the evaluation of the second criterion (if 

applicable), the available in vitro endocrine activity assays are evaluated.  To fulfil the third part of the criteria, 

an assessment as to whether the determined adverse effects are a consequence of an endocrine-mediated 

mechanism is performed. 

The present assessment for the new active substance bixlozone follows the ECHA/EFSA/JRC guidance for the 

identification of endocrine disruptors in the context of Regulations (EU) 528/2012 and (EC) No 1107/2009 

(EFSA Journal 2018;16(6):5311).  The guidance proposes a workflow for assessing the endocrine disrupting 
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B.6.9. MEDICAL DATA AND INFORMATION 

 

B.6.9.1. Medical surveillance on manufacturing plant personnel and monitoring studies 

According to data maintained by FMC Corporation, it is estimated that more than 1,200 workers were involved 

in the research and development of bixlozone  Regarding the synthesis, manufacture, and analytical processes of 

bixlozone and its formulations, it is estimated that approximately 250 workers were involved.  In Brazil, an 

estimated 70 workers were potentially exposed to some extent to bixlozone during the biological and regulatory 

field tests.  Regarding global research and development for regulatory studies, approximately 20 separate 

Contract Research Organizations have been involved with an estimated 200 personnel having been potentially 

exposed to bixlozone.  Lastly, regarding global field development, more than 700 people were expected to be 

exposed to the compound.  

As of 11 January 2018, there were no reports of diseases or adverse health effects attributed to exposure 

associated with the handling, testing or manufacture of bixlozone and formulations containing bixlozone.  At the 

time of submission of the bixlozone dossier, there were no reports of clinical cases and poisoning. 

 

B.6.9.2. Data collected on humans 

Bixlozone has not been introduced in the market yet, therefore there is no information on record. 

 

B.6.9.3. Direct observation 

Bixlozone has not been introduced in the market yet, therefore there is no information on record. 

 

B.6.9.4. Epidemiological studies 

Bixlozone has not been introduced in the market yet, therefore there is no information on record. 

 

B.6.9.5. Diagnosis of poisoning (determination of active substance, metabolites), specific signs of 

poisoning, clinical test 

Bixlozone is not considered to be acutely toxic via the oral and the dermal route but is proposed to be classified 

for acute inhalation toxicity Category 4 based on read-across to the closely related active substance clomazone.  

It is not a skin or eye irritant, or a skin sensitiser. 

In animal studies, clinical signs of toxicity (reduced body weight / body weight gain, adverse effects on liver and 

kidneys) were evident at approximately 140 mg/kg bw/day and above.  The same would be expected to occur in 

humans if these kind of dose levels were consumed.  However, no cases of intoxication with bixlozone have yet 

been observed. 

No specific clinical tests have been performed in humans. 

 

B.6.9.6. Proposed treatment: first aid measures, antidotes, medical treatment 

 

General Terminate exposure, remove person from scene of spillage or other 

contamination 

In case of skin contact: Remove contaminated clothing and thoroughly wash the affected parts of the 

body with soap and water 

In case of eye contact: Rinse eyes with clean water for several minutes. Obtain medical advice 

In case of ingestion: Do not induce vomiting. Obtain medical advice 

 

No antidote is known, apply symptomatic treatment. 
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Description/justification of search 

terms 

Search terms Search source 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 2  

Code: 2,4-Dichlorobenzoic acid Dialog 

Chemical name (IUPAC): 2,4-dichlorobenzoic acid Dialog 

Structure 

 

 

CAS numbers 50-84-0 STN 

Metabolite 3*  

Code: F9600 Dimethyl Malonamide Dialog 

Chemical name (IUPAC): 3-((2,4-dichlorobenzyl)amino)-2,2-dimethyl-3-oxopropanoic 

acid 

Dialog 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 4  

Code: 5-Hydroxy-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichlorobenzyl)-5-hydroxy-4,4-dimethylisoxazolidin-

3-one 

 

Dialog 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 5  

Code: 5’-Hydroxy-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichloro-5-hydroxybenzyl)-4,4-dimethylisoxazolidin-

3-one 

Dialog 

Structure   

CAS numbers Not assigned  

Metabolite 6  

Code: 6’-Hydroxy-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichloro-6-hydroxybenzyl)-4,4-dimethylisoxazolidin-

3-one 

Dialog 

Structure   

CAS numbers Not assigned  

Metabolite 7  
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Description/justification of search 

terms 

Search terms Search source 

Code: 4-Hydroxy-methyl-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichlorobenzyl)-4-(hydroxymethyl)-4-

methylisoxazolidin-3-one 

Dialog 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 8*  

Code: Dimethyl malonamide- F9600 Dialog 

Chemical name (IUPAC): 3-((2,4-dichlorobenzyl)amino)-2,2-dimethyl-3-oxopropanoic 

acid 

Dialog 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 9  

Code: Dimethyl malonic acid Dialog 

Chemical name (IUPAC): 2,2-Dimethylmalonic acid Dialog 

Structure 

 

 

CAS numbers 595-46-0 STN 

Metabolite 10  

Code: F9600-isobutyramide Dialog 

Chemical name (IUPAC): N-(2,4-dichlorobenzyl)isobutyramide Dialog 

Structure: 

 

 

CAS numbers Not assigned  

Metabolite 11  

Code: Hydroxy-Isobutyramide Dialog 

Chemical name (IUPAC): N-(2,4-dichlorobenzyl)-2-hydroxy-2-methylpropanamide Dialog 

Structure 

 

 

CAS numbers Not assigned  
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Description/justification of search 

terms 

Search terms Search source 

Metabolite 12  

Code: 3-hydroxypivalic acid Dialog 

Chemical name (IUPAC): 2,2-Dimethyl-3-hydroxy propionic acid Dialog 

Structure 

 

 

CAS numbers 4835-90-9 STN 

Metabolite 13**  

Code: 5-OH, 5’-OH Di-Hydroxy-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichloro-5-hydroxy benzyl)-5-hydroxy-4,4-

dimethylisoxazolidin-3-one 

Dialog 

Structure 

 

 

CAS numbers Not assigned  

Metabolite 13**  

Code: 4-carboxy-F9600 Dialog 

Chemical name (IUPAC): 2-(2,4-dichlorobenzyl)-4-methyl-3-oxoisoxazolidine-4-

carboxylic acid 

Dialog 

Structure 

 

 

CAS numbers   

Metabolite 14  

Code: 2,4-Dichloroippuric acid Dialog 

Chemical name (IUPAC): N-(2,4-dichlorobenzoyl)glycine Dialog 

Structure 

 

 

CAS numbers Not assigned (2,5 analogue has CAS number)  

  

HSE identified two errors in this table detailing the metabolites included in the database searches however they did not confer any deficiency 
in the search strategy conducted by the applicant: 

* Metabolites 3 and 8 are identical 
** Two different metabolites have been assigned as metabolite 13 

 

Since F9600 is a new active substance and no formulations have yet been commercialised, the search did not 

include any product names. 

 

Search strategy 
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assessment of the reliability of the study was carried out based on the approach described in Klimisch et al., 

(1997).  HSE has found only one publication by Svobodová et al., 2009 to be relevant to toxicology; the 

following article was thus provided by the applicant and accompanied with an assessment of its relevance 

following the criteria of relevance above. 

Information on the article provided 

Svobodová K., Plačková M., Novotná V.and Cajthaml T. “Oestrogenic and androgenic activity of PCBs, 

their chlorinated metabolites and other endocrine disruptors estimated with two in vitro yeast assays.” 

Science of the Total Environment 407 (2009) 5921–5925 

Abstract 

Investigations of environmental pollution by endocrine-disrupting chemicals are now in progress. Up to now, 

several in vitro bioassays have been developed for evaluation of the endocrine disruptive activity; however, there 

is still a lack of comparative studies of their sensitivity. In this work comparison of the oestrogen screening assay 

based on β-galactosidase expression and a bioluminescent oestrogen screen revealed differences in the 

sensitivity and specificity of the two tests. With the β-galactosidase screen a slight oestrogen-like activity of 

Delor 103, a commercial mixture of PCB congeners, and a fungicide triclosan was measured whereas no activity 

was detected using the bioluminescent assay. A bioluminescent androgen test negated previously suggested 

androgenic potential of triclosan. 

Further, this work demonstrates the androgenic activity of Delor 103, with an EC50 value of 2.29×10−2mg/L. 

On the other hand, chlorobenzoic acids (CBAs), representing potential PCB degradation metabolites, exhibited 

no androgenic activity but were slightly oestrogenic.  Their oestrogenicity varied with their chemical structure, 

with 2,3-CBA, 2,3,6-CBA, 2,4,6-CBA and monochlorinated compounds exhibiting the highest activity.  Thus 

the results indicated possible transitions of the hormonal activity of PCBs during bacterial degradation. 

Relevance assessment 

Full text assessment of Svobodová K et al., 2009 has been conducted.  The authors compared two in vitro assays 

- β-galactosidase assay (βgal test) and bioluminescent screens (lumino test) to study oestrogenic and androgenic 

activities of chlorobenzoic acids and chlorophenols.  It was identified that chlorobenzoic acids exhibited no 

androgenic activity and slight oestrogenic activity. The applicant’s considerations are as follows: 

1. The methods were not validated. Deviation was large. Authors failed to show a negative control in 

figure comparing oestrogenic potential of chlorobenzoic acids. 

2. Results were not consistent with other people’s work or within this study; the two oestrogen assays 

came up with different results.  

3. Some chlorobenzoic acids such as 2,3-CBA, 2,3,6-CBA, 2,4,6-CBA exhibited weak oestrogenic activity 

but other chlorobenzoic acids did not. However, the lack of a negative control makes the data difficult to 

interpret. Additionally, the authors claimed that the oestrogenicity varied with their chemical structure, but no 

structure-activity analysis was performed. 

4. Ten chlorinated benzoic acids mentioned in the manuscript have been tested under the US EPA high-

throughput EDSP program. The assessed compounds were inactive against the oestrogen, androgen, thyroid 

hormone and TSH receptors as well as against aromatase (CYP19A1), sodium/iodine symporter (NIS) and 

thyroid peroxidase (TPO) for all compounds with one exception for 4-chlorobenzoic acid with weak positive 

result (AC50 = 6.7 uM) obtained for the ACEA 80-hour impedance growth assay (using the T47D cell line).  

However, this weak positive result is unlikely to represent a reliable oestrogenic response given the negative 

outcomes in other oestrogen receptor assays run with this compound that assess preceding key events in the 

AOP19.  

A summary table with the available EDSP data for the chlorinated benzoic acids was provided with this 

submission; the results for 4-chlorobenzoic acid are presented below: 

 

 

 
19 Browne P, Noyes PD, Casey WM, Dix DJ. Application of Adverse Outcome Pathways to U.S. EPA's Endocrine Disruptor Screening 

Program. Environ Health Perspect. 2017;125(9):096001. Published 2017 Sep 1. doi:10.1289/EHP1304 
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CAS Name 
Target / 

Receptor 
Assay Name Organism Outcome 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

ACEA_ER_80hr human Active 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

NVS_NR_hER human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

NVS_NR_mERa mouse Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERa_BLA_Agonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERa_BLA_Antagonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERa_LUC_BG1_Agonist human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERa_LUC_BG1_Antagonist_Specificity human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERa_LUC_BG1_Antagonist human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERb_BLA_Antagonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Estrogen 

receptor 

(ER) 

TOX21_ERb_BLA_Agonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

NVS_NR_hAR human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

NVS_NR_rAR rat Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_BLA_Agonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_BLA_Antagonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_LUC_MDAKB2_Agonist human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_LUC_MDAKB2_Antagonist_Specificity human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_LUC_MDAKB2_Antagonist human Inactive 
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CAS Name 
Target / 

Receptor 
Assay Name Organism Outcome 

74-

11-3 

4-

Chlorobenzoic 

acid 

Androgen 

receptor 

(AR) 

TOX21_AR_LUC_MDAKB2_Agonist_Counterscreen human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Aromatase 

(CYP19A1) 
TOX21_Aromatase_Inhibition human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Thyroid 

Hormone 

Receptor 

TOX21_TR_LUC_GH3_Agonist rat Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

Thyroid 

Hormone 

Receptor 

TOX21_TR_LUC_GH3_Antagonist rat Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

TSH 

Receptor 
TOX21_TSHR_Agonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

TSH 

Receptor 
TOX21_TSHR_Antagonist_ratio human Inactive 

74-

11-3 

4-

Chlorobenzoic 

acid 

TSH 

Receptor 
TOX21_TSHR_wt_ratio human Inactive 

 

Based on the considerations described above, it is concluded that there is no new information presented in this 

publication to inform data requirements, endpoints or risk assessments, thus the article is concluded to be non-

relevant. 

The study is not reliable; overall, the article would receive a Klimisch score of 3. 

 

Score  Description  Details  

3  Not reliable  

"This includes studies or data from the literature/reports in which there 

are interferences between the measuring system and the test substance 

or in which organisms/test systems were used which are not relevant in 

relation to the exposure (e.g., unphysiological pathways of application) 

or which were carried out or generated according to a method which is 

not acceptable, the documentation of which is not sufficient for an 

assessment and which is not convincing for an expert judgment."  

 

Conclusion 

This review of the published literature for bixlozone and its metabolites did not reveal any studies considered to 

significantly affect the regulatory assessment of human health.  

Nevertheless, attention is drawn by the applicant to the following:  

• Metabolite 2 (2,4-Dichlorobenzoic acid, CAS number 50-84-0) is also a metabolite of the active 

substance spirodiclofen and is available commercially. It is also used as an intermediate for the 

manufacture of dyes, fungicides, pharmaceuticals and other chemicals.  

• Metabolite 12 (3-hydroxypivalic acid, 4835-90-9) is also used as an intermediate in the manufacture of 

chemicals. A dossier to support the chemical under REACH was submitted in 2018 but does not appear 

to include any actual studies on toxicology or ecotoxicology.  

  


























